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Abstract
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This report describes the state-of-the-art in phosphorus and nitrogen recycling in Finland and looks
at basic data on the volumes and geographical distribution of biomasses and their nutrients. Based
on this data, the report makes proposals for measures aiming to promote nutrient recycling. This
report was prepared collaboratively by experts at the institutions making up the Finnish Partnership
for Research on Natural Resources and the Environment (LYNET) to underpin a national action plan
on nutrient recycling.

Of all sectors in Finland, agriculture is the largest user and recycler of phosphorus and nitrogen.
Different biomasses contain an annual total of approximately 26,000 t of recyclable phosphorus,
which exceeds the fertilisation needs of grasslands and cereal crops in the entire area of Finland. The
volume of nitrogen contained in biomasses is approximately 95,000 t. Still, approx. 11,000 t of phos-
phorus and 152,000 t of nitrogen are annually used in Finland as conventional inorganic fertilisers.

There is a regional imbalance between manure production and crop nutrient requirements. The
breakthrough in nutrient recycling means increased implementation of manure processing, thus
making manure nutrients easier to transport and reducing the use of conventional inorganic fertilis-
ers. At minimum 20% of the entire volume of manure generated in Finland will require advanced
processing to enable long-distance transport of the manure phosphorus to areas in need of it. This
requires separation of water. The highest demand for advanced processing is experienced in the
regions of Ostrobothnia (approx. 60% at minimum), South Ostrobothnia and Satakunta (approx. 30
%) and Southwest Finland (13%).

In the agricultural sector, fertilisation is currently guided by a wide array of different policy in-
struments, which make up an incoherent and unstructured whole. The instruments cause considera-
ble amounts of regulatory burden, but appear to do little to promote sustainable nutrient recycling.

This report proposes a total reform of the policy instruments to boost the recycling of nutrients.
All legal standards related to fertilisation should be merged into a single statute, for example by de-
veloping the Nitrate Decree. At the same time, the current policy that controls nutrient use via the
EU agri-environmental scheme should be abandoned, and the role of the environmental permit for
livestock installations and its relationship with general regulatory instruments be clarified. A field plot
specific nutrient database should be created to support guidance.

The knowledge base of nutrient recycling should be developed by creating and maintaining a
comprehensive data system on the quantities, properties and locations of nutrient-rich biomasses
and ashes and their current processing methods. The report also proposes setting regional pro-



cessing targets for livestock manure. Key objectives should include reducing excessive fertilisation in
crop production. The goal of normative guidance should be nutrient use according to the crop needs.

Keywords: phosphorus, nitrogen, nutrients, recycling, biomass, ash, fertilisation, processing, policy
instruments
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1. Introduction

Through various industrial and agricultural activities, humans have altered the natural biogeochemi-
cal cycles of substances. For example, phosphorus is excavated from phosphorus rock deposits and
nitrogen is captured from the atmosphere to produce inorganic fertilisers. As the phosphorus and
nitrogen inputs in the cycle exceed the volumes bound in production, nutrients remain in soil and are
vulnerable for leaching to water bodies and air in different forms. This has had a negative effect on
the status of water systems in many places, including Finland.

Phosphorus rock reserves are diminishing natural resource (estimated sufficiency 300-1,500
years) and the occurrence of these resources in a handful of deposits may affect the availability of
phosphorus in the near future and lead to unpredictable price fluctuations (European Commission
2014). Many phosphorus rock deposits also contain impurities, especially cadmium, which may in-
crease production costs when producing fertilisers with lower Cd content.

Of all sectors, agriculture is the largest user and also the greatest recycler of phosphorus and ni-
trogen. The largest quantity of nutrients is used in fertilisers for plant production. Through feeds and
food, they are carried to livestock manure as well as to municipal sewage sludge and municipal bio-
waste. Agriculture is also the greatest source of phosphorus and nitrogen emissions into water bod-
ies in Finland.

Efficient nutrient recycling will reduce the need for conventional inorganic fertilisers and im-
prove both the ecological sustainability of nutrient use and the security of Finnish food production.
Recyclable nutrient-rich materials often also contain organic matter that improves the growth condi-
tion of soil (Heikkinen et al. 2013). In addition to agriculture, nutrients circulate within and between
other sectors, and it is thus important to improve the efficiency of nutrient recycling in other sectors
as well.

Nutrient recycling has been highlighted as a key development area in Prime Minister Sipild’s
Government Programme as part of the objectives related to the breakthrough of circular economy
and getting waters into good condition. The specific target is to increase the recovery of nutrients
especially in areas that are sensitive with regard to water systems so that at least 50 percent of the
manure and municipal sewage sludge will be directed to advanced processing by the year 2025 (Gov-
ernment Programme 2015). While processing alone is not enough to keep nutrients in circulation, it
often is a precondition for nutrient recycling.

According to a vision for nutrient recycling in 2030 prepared by Raki, a monitoring group that fol-
lows up on the progress made in nutrient recycling in Finland, “A breakthrough will have been made
in nutrient recycling, environmental emissions are low, and nutrients are recycled efficiently. Nutri-
ents that have leaked into water systems are returned to the cycle, and the volume of imported nutri-
ents is low. Nutrient recycling has generated new business.”

To translate these objectives into concrete actions, a long-term action plan will be drafted; the
purpose of the present report is to provide background information for this action plan. The report
was prepared collaboratively by experts at the institutions that are part of the Finnish Partnership for
Research on Natural Resources and the Environment (LYNET) and funded by the Ministry of the Envi-
ronment and the government key project implemented by the Ministry of Agriculture and Forestry.
The report describes the state-of-the-art in nutrient recycling in Finland, explains concepts associated
with the theme, provides basic data on the volumes and geographical distribution of biomasses and
the recyclable nutrients- particularly nitrogen and phosphorus - contained in them, gives proposals
for measures aiming to promote nutrient recycling on the basis of this data, and assesses the impacts
of the proposed measures. The report is a synthesis of prior studies, interviews with experts and the
results of a workshop organised as part of the work on this report.



2. Terms

Nutrient recycling

Nutrient recycling refers to measures by which the nutrients contained in nutrient-rich materials
generated in production and consumption are reused sustainably and safely as recycled nutrients.
Nutrient recycling reduces the use of non-renewable natural resources and may reduce nutrient
emissions into the environment.

Advanced processing

In this report, advanced processing refers to the technological processing of organic, nutrient-rich
materials, making them easier to transport and enabling their division into different fractions, thus
improving the possibilities for nutrient recovery. In all types of processing, the associated logistics
and material use, the harmful impacts of the entire chain of operation on human health and the en-
vironment should be minimised, recovery of nutrients should be maximised, and any by-products
generated during the process should be used or treated appropriately. In order to achieve overall
sustainability, the processing methods should be not only environmentally friendly but also economi-
cally feasible and socially acceptable.

Areas sensitive with regard to water systems

In this report, areas sensitive with regard to water systems mean areas where the ecological status of
surface waters as referred to in the Water Framework Directive is less favourable than good (Putkuri
et al. 2013) and areas with high livestock densities (Ylivainio et al. 2014). In the latter areas, the con-
tent of highly soluble phosphorus in arable land (the so-called phosphorus level) is also high (Ylivainio
et al. 2014). These include the areas of Uusimaa, Southwest Finland, Satakunta, South Ostrobothnia,
Ostrobothnia and North Ostrobothnia as well as North Savo, and most of them have high livestock
density (Figure 1 ). While nutrient recycling should be addressed in all parts of Finland, due to the
status of water bodies, elevated phosphorus levels in arable fields and high livestock densities, these
areas are the primary targets for intensified nutrient recycling and advanced processing
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Figure 1. Areas sensitive with regard to water systems divided according to the borders of the Centres for
Economic Development, Transport and the Environment (ELY Centres).

Fertilisation determined by crop needs

In fertilisation determined by crop needs, phosphorus and nitrogen are administered as indicated by
crop growth responses, taking the legacy nutrients in the soil into account. Phasing out unnecessary
phosphorus fertilisation is a precondition for a gradual reduction in soil soluble phosphorus content
and phosphorus load into the surface waters. More accurately dosed nitrogen fertilisation is also a
prerequisite for reducing nitrogen leaching risks.

The estimate of phosphorus fertilisation determined by crop needs in this report is based on
summaries of Finnish fertilisation experiments, in which crop yield responses achieved by applying
phosphorus fertilisation on cereals and grasslands were analysed (Valkama et al. 2009, 2011, 2016a).
It is unlikely that yield response is achieved in cereals and grassland when the P level is over 6 mg/l in
clay soils (soil fertility class passable/satisfactory), over 10 mg/| in coarse mineral soils (soil fertility
class passable/satisfactory) and over 15 mg/| in organic soils (soil fertility class good/high) (Valkama
et al. 2011). It should be noted that with the current prices, the economically optimised level of
phosphorus fertilisation for cereals and grasslands calculated on the basis of crop yield responses is
lower than the maximum fertilisation levels under Finnish agri-environmental scheme. The Natural
Resources Institute Finland has published a phosphorus calculator’, which farmers can use to opti-
mise their phosphorus fertilisation. Similar summaries have been produced for nitrogen fertilisation
of cereals and grasslands (Valkama et al. 2013, 2016b), but no fertilisation optimisation calculator is
available for nitrogen as yet.

! https://portal.mtt.fi/portal/page/portal/kasper/pelto/peltopalvelut/fosforilaskuri






3. Limitations

This report focused on examining the state-of-the-art in phosphorus (P) and nitrogen (N) recycling,
especially in food production and consumption, where the nutrient streams are the largest. This in-
cludes agriculture, the food and feed industry, fish farming as well as municipal biowaste manage-
ment and sewage treatment. Forestry has been included in the examination to the extent that it can
produce nutrients for food production and forest fertilisation. The report looks at biomasses which
are generated in significant quantities and which contain high volumes of nutrients. They include
livestock manure, surplus grass in agriculture (incl. currently underused grass biomasses in riparian
zones, fallow fields and nature management fields), municipal sewage sludge, municipal biowaste,
food industry side streams and pulp and paper industry sludges (including fibre, coating, sewage and
de-inking sludges ). Ash is examined in connection with fertiliser product use. Unless otherwise stat-
ed, both phosphorus and nitrogen refers to their total contents. In terms of policy instruments, the
main emphasis was on discussing regulatory and economic instruments.

]

!

Photo: Yrjo Tuunanen / Natural Resources Institute Finland’s archive



4. Phosphorus and nitrogen use in different sectors

The largest quantities of phosphorus and nitrogen are used in agriculture to fertilise crops (Table 1).
Of all phosphorus and nitrogen fertilisation in agriculture, 65% and 35% respectively is based on ma-
nure or fertiliser products containing recycled nutrients, while the remainder comprise conventional
inorganic fertilisers. The majority of recycled phosphorus and nitrogen used for fertilisation origi-
nates in manure. The phosphorus in agricultural feeds is mainly passed on to manure and fertiliser
products produced from manure and is thus included in their usage volumes. Smaller quantities of
phosphorus and nitrogen are also used in landscaping, forestry and fish farming (Table 1). In forestry,
the proportion of recycled nutrients is 56% of the total phosphorus used and 0% of the total nitro-
gen, while these figures for fish farming are 24% and 15%. In landscaping the same inorganic fertilis-
ers are used as in agriculture, and it was not possible to itemise them reliably in the data. For this
reason, the volume of inorganic fertilisers used in landscaping is not included in Table 1, and it was
not possible to calculate the proportion of recycled nutrients. For more details on the data sources
used and the uncertainties associated with them, see Appendix 1.

Table 1. Estimated total volumes of phosphorus and nitrogen use (t/a) and the proportions of recycled nitro-
gen and phosphorus (%) in different sectors in Finland (situation in 2014-2016, see footnotes; for data sources,
see Appendix 1).

Phosphorus use Nitrogen use
Agriculture
- inorganic fertilisers® 11,300 148,000
- manure’ 19,300 76,000
- fertiliser products containing recycled nutrients® 1,700 4,000
Total (t/a) 32,300 228,000
Proportion of recycled nutrient (%) 65 35
Forestry
- inorganic fertilisers® 113 3,560
- ash-based fertilisers® 146 0
Total (t/a) 259 3,560
Proportion of recycled nutrient (%) 56 0
Landscaping
- fertiliser products containing recycled nutrients® 1,050 1,470
Fish farming6
- conventional feeds 160 1,360
- feeds containing recycled nutrients (‘Baltic Blend’) 50 240
Total (t/a) 210 1,600
Proportion of recycled nutrient (%) 24 15

! Finnish Food Safety Authority Evira 2017a and product labels. Includes both products manufactured for use in Fin-
land and imports. Data from 2016.

’Table 2 of this report. Data from 2014-2016.

® Finnish Food Safety Authority Evira 2017a and product labels. Contains the type designation groups soil conditioners,
organic fertilisers and ash-based fertilisers. Data from 2016.

* Finnish Food Safety Authority Evira 2017a and product labels. Ashes used for further processing not included. Data
from 2016.

> Finnish Food Safety Authority Evira 2017a and product labels. Contains the type designation groups soil conditioners
and organic fertilisers. The notified quantities used for landscaping purposes and further processing were included.
Data from 2016.

®Vielma 2017. Data from 2015.




5. Biomasses as raw materials for nutrient recycling

5.1. Biomasses and their nutrient content

Nearly 20 million tons of livestock manure, some 1.5 million tons of biomass from surplus grass in
agriculture and a total of over 2 million tons of different organic municipal and industrial sludges and
side streams are generated in Finland every year (Table 2). Due to their large volume and high nutri-
ent content, these biomasses play a key role in nutrient recycling. Each biomass type contains mate-
rials that are very different regarding their properties and biochemical consistency. Food industry
side streams, for instance, contain both animal and plant based materials ranging from liquids to
solid masses. The quantities and properties of the materials are partly based on estimates, as there
are no systematical statistics on this data. For more details on the data sources used and the uncer-
tainties associated with them, see Appendix 1.

Table 2. Total quantities of biomasses and their phosphorus and nitrogen content (t/a) in Finland (situation in
2014-2016, see footnotes; for data sources, see Appendix 1).

Biomass Phosphorus Nitrogen Soluble

quantity nitrogen
Livestock manures® 17,300,000 19,300 75,600 32,400
Surplus grass’ 1,510,000 2,540 7,060 420
Municipal and industrial 667,000 2,880 3,740 670
wastewater sludges3
Municipal and industrial biowaste” 809,000 730 5,340 320
Food industry sidestreams’ 259,000 360 2,070 830
Pulp and paper industry sludges6 578,000 230 1,160 30
Total 21,100,000 26,000 95,000 34,700

' The livestock numbers (cattle, pigs, poultry, goats and sheep) are based on statistics from 2014 (Official Statistics of
Finland 2017a), the number of horses in 2014 is based on information provided by the Finnish Trotting and Breeding
Association Hippos, and the number of fur animals in 2016 is based on information provided by the Finnish Fur
Breeders’ Association STKL. Manure generation and nutrients: Cattle, pigs, poultry, horses and goats based on the
Finnish Normative Manure System (Luostarinen et al. 2017a), sheep based on the minimum manure storage vol-
umes and table values in the Nitrate Decree (government decree 1250/2014), estimate for fur animals based on
minimum manure storage volumes and Viljavuuspalvelu statistics from 2005-2009.

> The volume of grass biomass is based on the surface area of fallow fields, nature management fields as well as ripari-
an zones in 2016 (Official Statistics of Finland 2017b) and a crop yield of 3,000 kg of dry matter/ha. Crop yields and
nutrients: Niemeldinen et al. (2014).

3 Volume data from VAHTI information system from 2014, complemented with the sludge volumes from Helsinki Re-
gion Environmental Services Authority and Turku wastewater treatment plants. Nutrients: Biokaasulaskuri (2014),
Kahiluoto & Kuisma (2010), Rasi et al. (2012).

* Biowaste quantities from housing and services based on biowastes produced per individual resident (Salmenpera et
al. 2016) and population data from Statistics Finland on 31 December 2016, industrial biowastes based on volume
data in VAHTI information system from 2014. Nutrients: Biokaasulaskuri (2014), Kahiluoto & Kuisma (2010), Rasi et
al. (2012), Tampio et al. (2016).

> Volume data in VAHTI information system from 2014. Nutrients: Biokaasulaskuri (2014), Kahiluoto & Kuisma (2010),
Rasi et al. (2012).

® Includes fibre, coating, sewage and de-inking sludges in 2015. Volumes: Finnish Forest Industries Federation (2017).
Nutrients: Apila Group (2013), Biokaasulaskuri (2014), Rasi et al. (2012).

The biomasses examined in the report contain approximately 26,000 tons of phosphorus and 95,000
tons of nitrogen annually (Table 2). At the same time, conventional inorganic fertilisers used annually
in Finland contains about 11,000 t of phosphorus and 152,000 t of nitrogen. Notably, the phosphorus
and nitrogen contents in manures were at least one order of magnitude greater than in the other
biomasses examined.



The quantity of soluble nitrogen indicates the availability of nitrogen for crops. Of the examined
biomasses, the proportion of soluble nitrogen in total nitrogen is the greatest in manures and food
industry by-products (Table 2). In these materials, nitrogen is highly available, which also increases
the risk of nitrogen leaching after field application. Data on the quantity of soluble phosphorus in
different biomasses is not available.

Table 3 shows manure quantities and nutrient content by animal category and manure type.
While the greatest quantities of manure are generated on cattle farms, pig and poultry farms are also
significant. Of the manure generated, 58% is slurry, 35% is solid manure (farmyard manure, deep
litter, dung) while the remainder is separately collected urine. Of the phosphorus in manure, 53% is
found in cattle manure, 14% in pig manure, 12% in poultry manure and 17% in fur animal manure.
The majority of nitrogen contained in manure is found in cattle (72%) and pig (15%) manure. These
figures were mainly calculated using the Finnish Normative Manure System” of the Natural Re-
sources Institute Finland and the Finnish Environment Institute. Up-to-date manure data can be
checked from the Finnish Normative Manure System.

Table 3. Livestock manure quantity and nutrient content estimated for stored manure, situation in 2014-2016.
For the sources, see Table 1.

Quantity (t/a) (volume of manure | Total of manure (t/a)
produced while grazing deducted)
Slurry Solid Urine Total Phosphorus | Nitrogen Soluble
manure quantity nitrogen

Cattle 6,770,000 | 4,680,000 | 1,010,000 | 12,500,000 10,300 53,600 23,400
Pigs 3,320,000 166,000 125,000 3,610,000 2,680 11,100 6,770
Poultry 18,000 257,000 0 275,000 2,390 5,400 1,110
Sheep and goats 0 82,000 0 82,000 190 720 170
Horses and 0 686,000 1,000 687,000 510 2,490 330
ponies
Fur animals 0 200,000 0 200,000 3,200 2,260 580
Total 10,100,000 | 6,070,000 | 1,140,000 | 17,400,000 19,300 75,600 32,400

5.2. Geographical distribution of biomasses and nutrients

The areas which generate the largest volumes of biomass are found on the southwest and west of
Finland and in North Savo in regions with high livestock densities (Figure 2). The largest quantities of
municipal sewage sludges are produced in Uusimaa and Southeast Finland. The quantity of biowaste
created in Uusimaa is more than three times the quantity produced in other areas. The largest quan-
tities of food industry side streams, on the other hand, are generated in South Ostrobothnia. Regard-
ing pulp and paper industry sludges, regional data is only available for 60% of the total biomasses
shown in Table 2.

The majority of recycled phosphorus and nitrogen originates in livestock manure almost every-
where in Finland (Figure 3). Sewage sludge produced in Uusimaa and Southeast Finland contains an
equal quantity of phosphorus as the manures generated in these regions. In addition, the share of
biowastes in the quantity of phosphorus and nitrogen is significant in Uusimaa. These numbers re-
flect the high population density compared to animal density in Southern Finland.

2 http://www.luke.fi/projektit/normilanta
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Figure 2. Regional distribution of biomasses in Finland divided according to the borders of the regional Cen-
tres for Economic Development, Transport and the Environment (ELY Centres)(for calculation principles, see
Appendix 1).
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Figure 3. Annual regional distribution of recycled phosphorus (left) and nitrogen (right) divided according to
the borders of the regional Centres for Economic Development, Transport and the Environment (ELY Centres).
Note the different scales of the figures. The same information sources were used as for Table 1, except that the
data on pulp and paper industry sludges are based on VAHTI information system data from 2014 (geographic
information on pulp and paper industry sludges is only available in VAHTI for 60% of the total biomasses in
Table 1).

Manure has always played an essential role as a fertiliser in crop production, but the geographical
dissociation of livestock farming and crop production that has taken place in recent decades and the
increasing unit sizes have resulted in a concentration of nutrient streams to certain regions and im-
balances between nutrient volumes and crop needs.

By combining regional data on soluble phosphorus content in soil (Ylivainio et al. 2014), the
phosphorus requirements of the most important crops (cereals and grass) (Valkama et al. 2009,
2011, 2016a) and the manure quantity, we can assess the regional nutrient situation and the quanti-
ty of excess manure phosphorus produced in comparison to crop requirements in the region (Figure
4). The Figure 4 shows that in regions with high concentrations of livestock farming, the nutrient
content in manure exceeds crop needs. Nutrients in other biomasses further increase the local nutri-
ent surplus. Also conventional inorganic fertilisers are used in the same regions. At national level,
manure based phosphorus alone would be sufficient to satisfy the needs of cereals and grasslands
(Lemola et al. 2013, Ylivainio et al. 2014). A precondition for this, however, would be transporting
part of manure phosphorus out of the excess regions by processing it into a form that is easier to
transport and store.

15



No similar assessment has been carried out for nitrogen. However, local imbalances of the nitro-
gen content in manure and crop needs are not as great as compared to phosphorus. It is thus more
likely that the nitrogen content in livestock manure can be used for crop fertilisation locally, without
any need for long transport distances. In the simplest form, the proportion of recycled nitrogen in all
nitrogen use could thus be increased by reducing the nitrogen losses from manure in all phases of
manure processing and by optimising the use of nitrogen in other biomasses as well.

Manure P
surplus or
deficiency when
fertilized
according to
plant need (kg ha' )

<-50
[1-50-0.0
70.0-50
Em5.0-10.0
BN 10.0 - 15.0
> 15.0

The average of
Finland: 0.3 kg ha™.

Figure 4. Adequacy of manure phosphorus by municipality for fertilisation according to crop requirements
(Ylivainio et al. 2014). A positive value indicates a surplus of manure phosphorus, while a negative value indi-
cates a deficit in terms of crop needs in a municipality.

In addition to the calculation based on arable land area discussed above, it is useful to look at the
total quantity of manure phosphorus in different regions, for example at the level of regional Centres
for Economic Development, Transport and the Environment (ELY Centres). The surplus of manure
phosphorus in the area of an ELY Centre can be roughly calculated as the difference between the
generated quantity of manure phosphorus and the fertilisation needs in the municipalities of the
area based on information in Ylivainio et al. (2014). Of the fifteen ELY Centre areas in Finland, nine
areas produce manure phosphorus in quantities that exceed the needs of crop fertilisation in that
area (Table 4). The total quantity of manure phosphorus that exceeds the fertilisation needs (3,500
tons) corresponds to some 20% of the annual manure phosphorus quantity in Finland. Of this sur-
plus, 91% is produced in the coastal areas of the Bay of Bothnia, Quarken, the Bothnian Sea and the
Archipelago Sea. One half of the surplus is generated in the area of the Ostrobothnia alone, which
has a high number of fur farms. For ELY-centres and coastal areas, see figure 1.



Table 4. Finnish ELY Centres in whose areas the phosphorus volumes in manure exceed the need for phospho-
rus fertilisation (based on information in Ylivainio et al. 2014, for ELY Centres, see figure 1).

ELY Centre Total quantity of | Excess of manure phosphorus Excess of manure phosphorus
manure phos- (t/a) in proportion to require- (%) in proportion to require-
phorus (t/a) ment in the ELY Centre area ment in the ELY Centre area

Ostrobothnia 3,075 1,775 58
South Ostrobothnia | 2,518 761 30
Satakunta 1,063 287 27
Southwest Finland 1,932 250 13

North Savo 1,427 181 13

North Ostrobothnia | 1,835 130 7

South Savo 613 106 17
Lapland 417 33 8
Kainuu 282 12 4
Total 13,161 3,535 27

5.3. Biomass processing technologies

The type of processing required to recycle nutrients is determined by the properties and location of
the biomass as well as the uses of phosphorus and nitrogen. While the largest quantities of phospho-
rus and nitrogen are used in agriculture, they also have industrial uses.

In order to use recycled nutrients in crop production as indicated by the crops’ nutrient require-
ments, in many cases the nutrients have to be transported to areas with fertilisation needs. For this
purpose, the biomass must be processed to form products that are easy to transport, store and han-
dle and safe to use as fertiliser products. The first requirement for end-products to be transported
for long distances is a low water content. It is also important that the nutrient contents and propor-
tions as well as their availability for crops are known for optimising the application rates from eco-
nomical and environmental point of view. Processing may also be needed to reduce the contents of
harmful substances and hygiene risks.

The processing of biomasses into different products also enables business based on recycled nu-
trients. To ensure that the products are competitive compared to conventional inorganic fertilisers,
the processed products must not only have the aforementioned properties but also be consistent in
quality and competitively priced, their availability must be predictable, and it must be possible to
produce them in sufficient quantities. The carbon contained in biomass-based fertiliser products may
have added value in agricultural use compared to conventional inorganic fertilisers. Recycled nutri-
ents may also be combined into the same products with conventional inorganic fertilisers. Recycled
nitrogen or phosphorus may be added to inorganic fertilisers during the manufacturing process, and
similarly, the nutrient content of fertiliser products based on recycled nutrients can be complement-
ed by adding conventional inorganic fertilisers to them. In industrial applications, the requirements
placed on product properties are case specific.

Manure may be used in an unprocessed form in crop production when restrictions placed by leg-
islation are considered. However, this may result in excessive fertilisation quantities regarding crop
requirements, and in that case, the conditions for nutrient recycling are not met (see section 2.
Terms). Depending on the regional situation, simple solid-liquid separation may be sufficient as a
processing method: it divides the most of manure nutrients into a liquid fraction that is high in nitro-
gen and a solid fraction rich in phosphorus. This way phosphorus, which usually limits manure appli-
cation due to high soluble phosphorus concentration in agricultural soils, can be transported slightly
further. If the manure cannot be spread sustainably in the local area, for example due to a high soil
phosphorus content, the processing of manure and nutrient recovery must be taken a step further.



In the processing of municipal and industrial wastes and side-streams, the objective often is con-
verting the material into a form that allows the waste producer either to hand the mass over to an-
other actor for further processing or process it into a product that is suitable for their own use. In the
case of sewage sludge, in particular, nutrient recycling today often is of secondary importance, and
the most important objective is making the material harmless and improving its transportability by
removing water.

Biomass processing technologies can be roughly divided into four categories. Separation tech-
niques (separation, drying/concentration and membrane technologies) are used to separate bio-
masses into fractions, either physically or mechanically. Biological techniques break biomasses down
by microbiological means, thermal methods reduce the mass quantity to be processed and concen-
trate the selected compounds using a high temperature, and chemical methods separate and con-
centrate biomasses through different chemical reactions (Table 5). Processing may also result in new
side streams, and their utilisation and further use must be addressed. For a more comprehensive
review of the processing techniques, see Appendix 2.



Table 5. Biomass processing technologies for nutrient recovery that are on the market or being developed. For
a more comprehensive review of the processing techniques, see Appendix 2.

Technology

Principle

Nutrients

Level of technological ma-
turity

Separation techniques

Separation

Separation into a solid and
liquid fraction or water
removal. The processing

Drying and
concentra-
tion

changes the nutrient pro-
portions but does not sig-
nificantly affect their avail-
ability.

Membrane
technologies

Nitrogen is mainly found in the Commercial
liquid fraction and phosphorus in

the solid fraction

Some of the nitrogen may evap- | Commercial

orate during the process (recov-
ery possible), phosphorus re-
mains in the dried product

Precise separation of nutrients

A commercial technology for
water treatment, techniques
for nutrient recovery are
being developed

Biological techniques

Composting | The treatment stabilises Some of the nitrogen evaporates | Commercial
the biomass and makes it (recapture possible with certain
easier to process techniques). Phosphorus is re-
tained in the composted biomass
Anaerobic The treatment stabilises Nutrients are retained and nitro- | Commercial
digestion the biomass and makes it gen solubilises. Phosphorus
(mesophilic/ | easier to process, thermo- availability changes little
thermo- philic treatment also sani-
philic) tises it. Energy production

Thermal techniques

Heating the biomass re-
duces its quantity and
makes it easier to
transport. Incineration
produces ashes. Energy
production

Increase in temperature reduces
the availability of phosphorus for
plants and slows down the de-
composition rate of carbon in
soil. Nitrogen capture must take
place already during the biomass
drying step.

Incineration breaks down organic
compounds and phosphorus is
retained in the ashes

Commercial technologies
are available for processing.
Techniques for wet bio-
masses in particular are
being developed

Chemical tech

niques

Different techniques, some
of which aim for recondi-
tioning the biomass and

making it easier to process

Others aim for an inorganic nu-
trient product, the properties of
which are similar to those in
conventional fertilisers

Commercial and developing
technologies

When processing biomasses, different technologies can also be combined into a processing chain.
For instance, the separated fractions can be channelled to other suitable treatments with the aim of
processing them further into products. The choice of the processing technique and processing chains
always is specific to individual cases, however. Some large biogas plants, for example, separate the
digestate and process especially the liquid fraction further into more concentrated nutrient products.
Similarly, solutions for processing the solid fractions separated from the digestate are being sought in
pyrolysis technology. In addition to agriculture, the end-products of advanced processing can also be
channelled to such sectors as the industry (nutrient products and chemicals, including ammonium
sulphate or phosphoric acid).

Other possibilities for nutrient recycling and biomass processing include different integrations
with other functions, including microalgae production or fish farming, which may use the liquid nu-
trient solutions produced when processing biomasses. Consequently, a number of different routes




can be used to direct the nutrients found in biomasses to food production, and different symbiotic
relationships can be seen as an important part of the future for nutrient recycling.

5.4. State-of-the-art in biomass processing and recovery

The degree to which biomasses are processed varies greatly depending on the material (Table 6).
Manure is mainly used in agriculture without further processing. Surplus grass biomasses are not
processed at all in practice. Municipal and industrial wastes and sludges are processed using different
techniques, but the primary objective of the treatment is most commonly something else than nutri-
ent recycling and recovery. Nutrients may also be intentionally lost during processing, or their availa-
bility is not optimal after the process. The choice of processing techniques can thus have a significant
impact on the properties and availability of nutrient fractions if the actors are willing or obliged to
invest in this. For details of the information sources and calculation principles used in Table 6, see
Appendix 1.

Table 6. State-of-the-art in biomass processing in Finland. The data is based on total biomass quantities in Ta-
ble 2 as well as processing data from 2013—-2017; see footnotes.

Processing technique, |Separa- |Compost- |Anaer- |Incin- |Ethanol Direct agri- Useas |Others’
% of total biomass tion ing' obic era- |produc- cultural use |feed
quantity diges- |tion |tion

tion
Manures® 0.6 3.3 1.1 0.16 - 95 - 0.02
Surplus grass’ - - - - - 100 - -
Municipal and industri- A 40 5l - - - - 9
al wastewater sludge56
Biowaste’ from housing, 2 30 19 - 1 - - 50
services and industry
Food industry side- B 7 4 6 7 47 16 12
streams
Pulp and paper industry 2 32 - 66 - - - 2
sludges’

1Composting also includes use for landscaping purposes.

*The category Others includes drying of manures, final disposal in landfills, other processing techniques (Kemicond and
lime stabilisation of sludges among other things) and biomasses whose processing technique could not be traced in VAHTI
information system.

3Separation is almost always part of such processes as sewage sludge treatment and anaerobic digestion.

4Processing of livestock manures: surveys of manure processing conducted by the National Resources Institute Finland and
the Finnish Environment Institute in 2012, the Finnish Biogas Association’s map of biogas plants from 2017, Finnish Food
Safety Authority Evira’s annual notification data from 2016 (Evira 2017a) as well as environmental permits issued to biogas
and composting plants. Data on centralised composting of fur animal and poultry manure for 2017 obtained from opera-
tors. Data on composting for 2013 provided by equestrian enterprises (Luostarinen et al. 2017b); the data on incineration
concern 2016 (information provided by Fortum Oyj).

®No statistical data on processing, mainly not processed, expert assessment. The nutrients are returned to the field, but
there is no methodical recycling.

VAHTI information system data from 2014.

’Contains biodegradable waste collected separately and biowaste ending up with mixed municipal solids waste (MSW);
processing of biowaste from housing and services in 2014 and 2015 (Pirkkamaa 2014, Evira 2017a); processing of industrial
biowastes in 2014 (VAHTI information system).

8processing in 2014 (VAHTI information system).

9Processing of pulp and paper industry fibre, coating, sewage and de-inking sludges in 2015 (Finnish Forest Industries Fed-
eration 2017).

Manures and surplus grass

At the moment, approximately 5% of manures are processed (including separation, composting and
anaerobic digestion), while the remainder is used in agriculture without processing (Table 6). The
availability of phosphorus in unprocessed manure for plants is mostly similar to phosphorus in con-
ventional inorganic fertilisers (Ylivainio et al. 2008, Ylivainio et al. 2017, Ylivainio et al. 2018a), and




the availability of nitrogen is also good. Nutrient availability also remains at a good level in the most
common processing techniques used today. Processed manure is mainly used for crop production,
while some of it ends up in landscaping projects and gardens.

Surplus grass is mainly not processed. Grass in riparian zones is cut and usually spread on other
fields either directly or after windrow composting. Grass in fallow fields and nature management
fields is cut and left in the field. Some of the grass is used as feed. The main reason for the low utili-
sation rate of these grass biomasses is the poor feed quality and/or location in areas with little live-
stock farming needing the feed. Grass is also rarely processed into fertiliser products at the moment
as the economic feasibility of such operations is poor.

Sewage sludges
The majority of sewage sludges are processed into different fertiliser products by anaerobic digestion

or composting, or combinations of these processes (Table 6). The number of biogas plants has in-
creased and the processing of sludges by anaerobic digestion has expanded since data for Table 6
were collected, with a simultaneous decrease in the share of composting. Dried sewage sludges are
also processed chemically by means of Kemicond treatment, and lime stabilisation is used, for exam-
ple to treat septic tank sludges in rural areas. Some biogas plants process the digestate further using
different techniques, including separation, stripping or evaporation. In this case, the same biomass
goes through a number of different treatment processes. Various biomasses are also often treated
together at centralised plants, and the nutrient-rich fractions produced thus contain nutrients from
several different biomasses.

One challenge for the use of sewage sludges lies in the poor availability of chemically precipitat-
ed phosphorus for crops (Ylivainio et al., 2017, Ylivainio et al. 2018b, manuscript). The most common
technique for removing phosphorus from waste water in Finland is simultaneous precipitation, in
which phosphorus is bound into a low solubility compound using iron salt and is separated from
waste water together with the sludge. The quantity of nitrogen contained in the sludges is usually
low in relation to wastewater it origins, as in the nitrification-denitrification process today commonly
used for removing nitrogen from waste water, nitrogen evaporates into the atmosphere. The remain-
ing nitrogen mainly is organic nitrogen, which must be converted into ammonium nitrogen or nitrate
either in a process or in the soil in order to be available for plants. Of the sludge processing tech-
niques, anaerobic digestion to some extent converts organic nitrogen into ammonium nitrogen.

Another factor that hampers the reuse of sludges is harmful substances contained in them. The
heavy metal content of sludges has decreased in recent years, and in general, they are below the
national limits (Olofsson et al. 2012, Ministry of the Environment 2014, Sarvi et al. 2017). Small quan-
tities of organic contaminants and pharmaceuticals occur in sewage sludges, biowastes and livestock
manure alike (Fjader 2016, Marttinen et al. 2014, Vieno 2015, BONUS PROMISE project®). The load of
organic contaminants carried to the fields in digestate-based fertiliser products, for example, is of
similar magnitude in the case of many compounds as the loading from atmospheric deposition, but
greater loading levels may also occur depending on the compound (Marttinen et al. 2014). Finnish
legislation does not currently set limits to the content of organic contaminants. The occurrence of
pathogens, pharmaceuticals and antibiotic resistant strains of microbes as well as the significance of
exposure to low concentrations both in manure based and sewage sludge based products is currently

8 Phosphorus Recycling of Mixed Substances (BONUS PROMISE) 2014-2017. Implemented by the Natural Re-
sources Institute Finland, Julius-Kuhn Institut (JKI), National Veterinary Institute (SVA) and Outotec GmbH & Co.
KG



being evaluated (NAMI project’, BONUS PROMISE project?®). Different processing techniques, of
which incineration is an extreme example, may reduce the share of contaminants.

Due to inadequate statistics, no exact data on the end use of sewage sludge based fertiliser
products is available. However, the most significant sector in which sludge-based products have been
used in the 2000s is landscaping (Ministry of the Environment 2014). According to Statistics Finland
(2017), as little as approx. 3% of sewage sludges were used in agriculture in 2014, but this figure has
been growing in recent years (Evira 2017a). At the time of the writing of this report, the use of sew-
age sludge based fertiliser products in agriculture was again declining, as some food companies re-
fused to buy cereals on which these products had been applied. The backdrop to this situation is
concern over the potential risks of harmful substances in sludge products when carried to the fields
and the consequent risk to good reputation, which is why some foreign cereal buyers have set limits
to sewage sludge use.

Biowaste

The majority of biodegradable wastes collected separately are processed by anaerobic digestion or
composting, or combinations of these processes (Table 6). Since the data for Table 6 were collected
(in 2014 and 2015), the share of composting has decreased, whereas the share of anaerobic diges-
tion has seen a corresponding increase with the establishment of new digestion plants that process
biowaste. According to Statistics Finland (2016), 93.6% of separately collected biowaste was recycled
as materials, 5.7% was used as energy, and 0.7% was disposed of in landfills in 2015. The biode-
gradable waste considered in Table 6 contains not only separately collected biowaste but also bio-
waste that, in 2014 and 2015, ended up mainly in landfills and incineration plants together with
mixed municipal solid wastes (MSW). Regulations that entered into force in 2016 today prohibit the
disposal of organic and biodegradable waste in landfills, which has contributed to the introduction of
alternative processing techniques for MSW and the processing of biowastes separated from MSW in
other ways. According to the Finnish Solid Waste Association (2017), approximately 33% of MSW
produced by households is biowaste, which can be separated from MSW mechanically. Due to impu-
rities contained in it, however, this fraction cannot be used as raw material for fertiliser products or
in biogas or composting plants without further treatment (Salmenpera et al. 2016).

Food industry side streams

The food industry produces both animal and plant based side streams, which can either be used as
such in the industry's own processes, or channelled to the processes of other operators. The bio-
masses examined in this report are side streams that are reported as waste and are, for example,
used in the feed industry or as agricultural fertilisers, or processed to produce energy or nutrients
and organic matter.

Due to their diversity, food industry side streams have a number of different processing options
and end uses. However, almost 50% of the side streams looked at in this report were used in agricul-
ture without further treatment in 2014 (Table 6). The biomasses used directly in agriculture mainly
consisted of potato fruit juice generated as a by-product of potato starch manufacturing, and they
also included small quantities of feed and sewage sludges. Situation has changed dramatically since
the year of scrutiny, as new potato fruit juice processing plants have been commissioned.

Approximately 16% of the side streams classified as food industry wastes, including slaughter-
house and vegetable wastes, are used as feed. This way, the nutrients contained in these biomasses
mostly end up in livestock manure and become recycled. According to information available to the

* Resistance to antimicrobials and residues on cattle farms — impacts on the environment and human health
2015-2017. Implemented by the Finnish Food Safety Authority Evira, the Natural Resources Institute Finland and
the Finnish Environment Institute



Finnish Food Safety Authority Evira, some of these side streams are used in feed industry, both in
Finland and abroad. Biomasses of animal origin are processed to make livestock feeds and pet foods,
and vegetable wastes are mainly used as raw materials for livestock feeds (Evira 2017b). Some of
these side streams also end up in agricultural and landscaping use through composting, anaerobic
digestion and ethanol production, and according to an estimate provided by the Finnish Food and
Drink Industries’ Federation, anaerobic digestion of side streams is still increasing (Berg 2016). Only a
very small part of food industry side streams is disposed of in landfills, and the category ‘Others’ for
side streams in Table 6 thus mostly comprises reuse of materials in other ways or disposal of waste
water to a waste water treatment plant.

Pulp and paper industry sludges

The most important techniques for processing pulp and paper industry sludges (including fibre, coat-
ing, sewage and de-inking sludges) currently are incineration and composting (Table 6). Besides
sludges, other fractions from the pulp and paper industry also end up in energy production. In total,
approximately 20% of ashes from incineration are used as fertilisers. In this report, biomasses used in
fertiliser products and as soil conditioners, whose probable processing technique is composting or
ageing, were included in the composted biomasses in Table 6. Examined by fraction, 10% of sewage
sludges and 4% of fibre and coating sludges from pulp and paper industry ended up as fertiliser
products, while 15% of sewage sludges, almost 60% of fibre and coating sludges and approx. 50% of
de-inking sludges were used in earthworks, for example in road structures. At the time of writing of
this report, a biogas plant is being built in connection with the bioproduct factory constructed in
Aznekoski. This biogas plant will increase the processing of pulp and paper industry sludges (especial-
ly biosludges from treatment plants) by anaerobic digestion.

5.5. Fertiliser products containing recycled nutrients

The end-products of biomass processing and post-processing must meet the requirements of fertilis-
er product legislation if they are to be marketed and used as fertiliser. Fertiliser products are a group
of products of different types intended to promote the growth of plants, or to improve crop quality
or the physical or biological condition of the soil or growth medium (www.evira.fi). They may contain
both recycled nutrients and conventional inorganic fertilisers, as well as other ingredients. Unpro-
cessed livestock manure is not classified as a fertilising product, and its use is not regulated under the
fertiliser legislation.

Table 7 shows the volumes of fertiliser products containing recycled nutrients, and the distribu-
tion of their use, in different sectors in Finland in 2015. The classification of fertiliser products is
based on a national type designation list (Evira 2016). However, meaningful comparisons between
the significance as nutrient sources of fertiliser products under different type designations cannot be
done, as the biomass quantities give no indication of the products’ nutrient content.

Various types of fertiliser products containing recycled nutrients are used in different sectors
(Table 7). The majority of organic fertilisers (93%), organic mineral fertilisers (80%) and soil condi-
tioners (64%) are used in agriculture. Soil conditioners that are almost exclusively used in agriculture
include digestate and used food industry growth mediums (used mushroom growing mediums and
peat growth mediums) as well as food industry by-products used as organic fertiliser without treat-
ment (molasses extract, vinasse and vinasse extract, potato fruit juice). 60% of reject water is used in
agriculture, whereas the majority of cover materials (65%) and growth mediums (98%) are used in
landscaping. As a terminological point, it should be noted that only some of the digestates produced
by biogas plants, for example, fall under the type designation “digestate”. As the type designation is
determined by the entire treatment chain and the end product, more highly processed digestates fall
under other type designations.



Of the pulp and paper industry ashes, ash volumes reported by operators referred to in the Ferti-
liser Product Act (Ministry of Agriculture 539/2006) are included in Table 7. In addition to ashes pro-
duced from sludge incineration shown in Table 6, this quantity also includes other ashes. The ash
volumes delivered by other operators to such sectors as earthworks are not included in the Table.
The majority (37%) of ash-based fertilisers are used in forestry, whereas their agricultural use is sig-
nificantly more limited (19%). Of ash-based fertilisers, 11% are channelled to further processing.

Products classified as fertiliser products are also used for other purposes. According to opera-
tors’ reports, in particular fibre sludge (72%), reject water (40%) and ash-based fertilisers (31%) end
up in other uses.



Table 7. Use of fertiliser products containing recycled nutrients in Finland in 2015 (Evira 2017c). The quantity of
conventional inorganic fertilisers used was 590,000 t/a.

Fertiliser product | Total quanti- | Quantity of Use of fertiliser products containing recycled nutri-
(type designa- tyused 1 fertilising ents2
tion) (t/a) products con-
taining recy-
cled nutrients
(t/a)
Agri- Forest- | Land- Further | Other than
cul- ry (%) scaping pro- fertiliser
ture (%)4 cessing | product use
(%)3 (%)5 (%)6
Ash-based ferti- 150,000 150,000 19 37 3 11 31
lisers
Total of organic 149,000 149,000 93 - - - 7
fertilisers
By-products used | 119,000 119,000 100 - - - -

as organic ferti-
lisers without
treatment (from
food industry)7

Reject water 24,500 24,500 60 - - - 40
Others 6,020 5,970 98 - - - -
Organic mineral 1,360 1,360 80 - 19 - -
fertilisers

Total of soil con- 875,000 872,000 64 - 7 20 9
ditioners

Digestate 425,000 425,000 94 - - 6 -
Composts 300,000 300,000 25 - 18 41 15
Fibre sludge 37,000 37,000 18 - 2 8 72
Cover materials 11,400 11,400 24 - 65 12 -
Used food indus- | 6,840 6,840 99 - 1 - -
try growth medi-

ums8

Others 94,700 91,400 76 - 1 21 2
Total of growth 1,370,000 705,000 2 - 98 - -
mediums9

Soil from root 13,000 13,000 37 - 58 - 5
vegetables

Others 1,360,000 692,000 1 - 99 - -

lincludes imports.

2In addition to the purposes listed here, fertiliser products are also used for packaged growth mediums and the
fertilisation of potted plants and planters. They are also exported.

3Agricultural use includes application in fields and gardens and professional use in greenhouses.

4lLandscaping also includes golf courses and other lawns.

5For example, further processing means granulation of ashes or composting of digestate.

6The fertiliser product has been used for other purposes, for example in landscaping.

7Contains type designations 1B41 Molasses extract, 1B42 Vinasse and vinasse extract and 1B43 Potato cell sap.
8Contains type designations 3A55 Used mushroom house medium and 3A56 Used peat growth medium
9Growth mediums in which compost can be used as one of the raw materials have been included in growth
mediums containing recycled nutrients.
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6. Assessment of biomass processing needs

Prime Minister Sipila’s Government Programme set the objective of increasing the recovery of nutri-
ents especially in areas that are sensitive with regard to the Baltic Sea and other water systems so
that at least 50 percent of the manure and municipal wastewater sludge will be covered by advanced
processes by the year 2025. If advanced processing refers to techniques that address efficient nutri-
ent recycling, we can say that the current situation is nowhere near achieving this objective.

Manure

The processing of livestock manures can be stepped up, as only 5% of them are currently processed.
Manure processing is not a value in itself when it comes to recycling its nutrients, as depending on
the local situation, manure can often also be used efficiently as such by optimising farm-level manure
treatment. Consequently, it is not necessary to reach the target of 50% by 2025 set in the Govern-
ment Programme in all regions.

The minimum need for advanced processing of manure regarding phosphorus can be roughly as-
sessed based on the figures presented in section 4.2. If a quantity of manure exceeding crop re-
quirements is generated at the regional level, this probably also means that at least the surplus share
of manure should be processed into a form that could be transported to locations outside the region.
Based on this estimate, at minimum 20% of the phosphorus quantities found in manure produced in
the entire area of Finland at the time of writing should be processed using advanced techniques that
facilitate subsequent transport. The greatest needs for processing are experienced in Ostrobothnia
(58% of the manure phosphorus produced in the region), South Ostrobothnia (30%), Satakunta (27%)
and Southwest Finland (13%). In these regions, farm-specific processing solutions will no longer sig-
nificantly promote nutrient cycles, and there would thus be a demand for more centralised manure
processing and the associated contracting services. In order to improve the profitability of pro-
cessing, support for the development of a market for recycled fertilisers will be needed, for example
by removing legislative barriers.

Regarding nitrogen, in particular, the efficiency of recycling and recovery of nutrients can also be
improved locally by reducing nitrogen losses in conventional manure processing. Well-known nitro-
gen saving methods include intensified manure removal, covering manure storages and spreading
manure only before sowing or during growing season and incorporating spread manure into the field
soil. In addition, cooperation between livestock and crop farms with the aim of distributing manure
across a wider area and transporting it away from parcels with high phosphorus levels is possible
when it is economically feasible for both parties.

When setting targets, the different needs regarding manure processing between individual
farms and regions should be noted. Even if an area has been identified as having a nutrient surplus
(Table 4), it may contain a great number of livestock farms that do not experience challenges with
manure use. The farm’s arable land area and operating methods may support their own utilisation of
manure without processing. On the other hand, farms needing to either process manure or hand it
over to other operators in order to ensure that it can be used sustainably may also be found in areas
where no nutrient surplus has been identified at the regional level. Manure may be processed not
only to facilitate the transport of surplus nutrients but also for other reasons, including increasing the
self-sufficiency in energy and nutrients of a farm or a group of farms. Rather than getting rid of the
nutrients, the objective in that case is intensifying their recovery compared to traditional modes of
manure handling.

Municipal sewage sludge

The efficiency of sewage sludge utilisation can be improved, as only approximately 3% of these
sludges are used for crop production according to Statistics Finland (2017). Higher numbers, howev-
er, has been reported after writing of the original version of this report (Vilpanen & Toivikko 2017).




While all sewage sludges are processed, the methods used were not originally planned with nutrient
recycling in mind. Rather than using the processing target set for municipal wastewater sludges in
the Government Programme, the target could be formulated better. It should refer to nutrient re-
covery in wastewater, which can be enhanced by means of changes in the wastewater or sludge pro-
cessing.

In wastewater treatment, advanced processing may, for example, mean phosphorus removal by
methods that preserve its good availability for crops, and nutrient recovery using methods in which
nutrient streams are kept separate from sludges. A precondition for advanced processing of sewage
sludge is either the introduction of completely new techniques, or expanding the current treatments
by post-treatment techniques in which fractionation and concentration of nutrients are performed to
produce more transportable fertiliser products.

There is also need for evaluating the reuse of sewage sludge nutrients if their use risk the image
of the crops and hamper marketing. One option is incinerating the sewage sludge, which would elim-
inate organic contaminants, so that phosphorus in the ashes could be reused. Germany, for instance,
is moving towards incineration as the solution, and after transition periods of different lengths,
sludges from the greatest urban centres must be incinerated and the ashes used as fertiliser or
stored for future use. A handful of operators in Finland are currently investigating the possibility of
processing sewage sludge digestate with pyrolysis technology (Rasa et al. 2015).

The use of advanced processing methods in the treatment of wastewater and sewage sludge is
restricted by its costs. Some sewage treatment plants and sludge processing plants are currently
pursuing research and development projects aiming to develop processes that promote nutrient
recycling. Preconditions for achieving the objective for municipal wastewater sludges set in the Gov-
ernment Programme include developing new processes, conducting experiments and introducing
new methods. There is also a need for a common forum of various stakeholders to formulate nation-
al policies on solutions for recycling nutrients in sewage sludge.

Other biomasses

While the Government Programme only sets specific objectives for the processing of manure and
municipal wastewater sludge, the efficiency of using the nutrients in other biomasses could also be
improved.

The annual phosphorus content of riparian zones, nature management fields and fallow fields is
in the same range, and their nitrogen content is more than double, the contents in municipal sewage
sludges. Only a small part of these nutrients is within the scope of methodical nutrient recycling.
Processing of grass into fertiliser products could enable the transport of nutrients, for example from
riparian zones near water bodies to areas where nutrients are needed. A prerequisite for this would
be developing cost-effective harvesting and recovery chains. Grass biomasses could potentially also
be available from feed production surplus, intensified grassland cultivation and crop rotation in cere-
al production.

Recovery of nutrients in municipal biowastes could be promoted by means of more efficient
separate collection of biowaste and the processing of biowaste so that the end-products are suitable
for nutrient recycling. Biogas and composting plants should ensure that the mixing of biomasses of
different types will not hamper the use of the fertiliser products they manufacture.

Food industry side streams are used as raw materials for livestock feeds, for example, which is at
a higher level in the waste hierarchy than recycling as fertiliser products. The use of these side
streams as feeds should thus be promoted further. The processing of potato fruit juice generated as
a by-product of potato starch manufacturing into different products has already been launched, con-
siderably reducing the volume of fractions that are used in agriculture without treatment. What was
said above about biowastes also applies to the fractions processed at biogas and composting plants.

Phosphorus from pulp and paper industry sludges and other fractions is used as ash-based ferti-
lisers, especially in forestry, and in small quantities also as fertiliser products of other types. A signifi-




cant part of the sludges are used for purposes in which the nutrients are not recovered, including
earthworks. By developing the processing of pulp and paper industry sludges, especially fibre sludges
and biosludges from treatment plants, the recycling of their nutrients can thus be promoted signifi-
cantly. At the same time, the organic matter and fibres contained in these materials can be used as a

soil conditioner.



/. Policy instruments

7.1. Objective and methods

One objective of this report was to provide a review of policy instruments used to promote recycling
of nutrients, assess their effectiveness and identify needs for improved policy measures. The com-
mission also called for an analysis of potential new policy instruments.

In the first phase of the work, a literature review was carried out to study the current policy in-
struments and to identify potential new ones. The project group supplemented the analysis of the
policy instruments on the basis of expert feedback. For a summary of this work, see Tables in Appen-
dix 3.

The assessment of the effectiveness and impacts of the policy instruments rested on literature
reviews and expert evaluations. Above all, information was collected at a workshop for 27 partici-
pants organised on 3 April 2017 as well as a meeting of a more limited number of experts on 18 April
2017, which discussed the needs to improve policy instruments and their environmental effective-
ness.

7.2. Classification of policy instruments

Policy instruments can be classified in several different ways (Similda 2007). This report draws on a
basic division between regulatory and economic instruments. The examination relies on the concep-
tual tools offered by policy evaluation studies, economics and jurisprudence. The literature in these
fields points out that policy instruments do not work or create impacts in a deterministic manner. In
other words, the impacts of a statute, for example, do not solely depend on how the statute is word-
ed and what is required under it. Implementation practices shape the effectiveness of a policy in-
strument. Policy instruments do not work in isolation from each other. The type of ‘policy mix’ the
different instruments make up is crucial. Fragmentation of policy instruments can easily result in a
‘policy mess’, in which transparency is poor and which may contain overlapping and even conflicting
regulations or incentives.

The policy instruments have both desirable impacts and, potentially, positive and/or negative
side effects. At best, policy instruments are evaluated broadly through a number of criteria, which
typically include consistency, clarity, predictability and transparency; impact in proportion to differ-
ent policy objectives; targeting of impacts at different groups and actors; dynamic effectiveness, or
incentive for innovation and business renewal; impacts on the public economy; and the regulative
burden placed on operators and the administration. While the examination in this report was guided
by these criteria, as the evaluation was based on synthesising existing information, it was not possi-
ble to produce an analysis incorporating all the criteria.

In public debate, instruments specifically created to promote the achievement of the objective in
guestion are frequently seen as relevant. When examining a policy as a whole, however, it is im-
portant to also account for any factors that may hamper the achievement of its objectives. In the
Tables of Appendix 3, an effort has been made to identify such potential bottlenecks created by poli-
cy instruments.

7.3. Policy instruments relevant to nutrient recycling

7.3.1. Steering nutrient use in agriculture

The examination of policy instruments in this report (Appendix 3) has a strong emphasis on the agri-
cultural sector. On the one hand, this is due to the fact that farms are key actors in nutrient recycling



(see the nutrient stream tables at the beginning of the report), as livestock manure and its nutrients
are needed to produce grass, cereals and special crops. On the other hand, the emphasis on agricul-
tural policy instruments in this report reflects the highly regulated nature of this sector. The public
authorities control the preconditions for nutrient recycling, above all through regulating agricultural
production. Policy instruments that target other sectors or operators have a considerably smaller
role®.

The analysis showed that the regulation of nutrient use in agriculture has become an incoherent
and unstructured. This form of public steering results in a considerable regulatory burden, but fails to
have much significance for the promotion of sustainable recycling of nutrients. The identified prob-
lems stem from the contents of the statutes and support scheme conditions as well as from the
complicated relationships between different policy instruments. The control system is a patchwork of
several different policy instruments, making it difficult to perceive the whole and the relationships
between the different instruments. The patchwork also has unnecessary components: for example,
the phosphorus fertilisation limit set in the fertiliser product legislation is so high that it usually is
devoid of practical significance (Ministry of Agriculture and Forestry decree 24/11, section 11).

The most stringent restrictions on manure and fertiliser use are set in the terms and conditions
of the EU agri-environmental scheme. The scheme thus strives to provide an incentive for sustainable
use of manure as fertiliser. However, the current scheme provides significantly less incentive for us-
ing manure than before, and the payment amount is not necessarily high enough to compensate for
the costs caused by nutrient recycling and payment bureaucracy. The significance of the agri-
environmental scheme in guiding nutrient recycling thus has decreased in recent years, especially
because fewer farms than before have committed to the scheme. The rate of commitment is the
lowest among large pig and poultry farms (Kauppila et al. 2017). As farm sizes grow and the concen-
tration of livestock farming increases, the rate of commitment may decrease further. On farms that
remain outside the scheme, the use of manure and fertilisers is only directed through the Fertiliser
Product Decree and the Nitrate Decree. In the expert feedback, the environment payment system
was also criticised for supporting the recycling of mild nutrient products and thus failing to provide
an incentive for innovations and investments that could improve the efficiency of recycling and ex-
pand its geographic scope. The exceptions incorporated in the scheme also enable phosphorus ferti-
lisation that exceeds crop requirements.

Sometimes the low impact of a policy instrument — especially compared to the regulatory bur-
den caused by it — is only revealed when attention is paid to how the instruments are translated into
practices and operating methods. The permit system for livestock installations under the Environ-
mental Protection Act includes the obligation of preparing a manure application plan. The purpose of
the plan is to promote the sustainable use of manure produced on the farm, ensuring that manure
spreading is guided by the nutrient requirements of the fields and the crops cultivated in them. How-
ever, expert interviews and previous studies indicate that the plan has little impact on manure
spreading. The plan does not necessarily promote sustainable recycling. Especially in areas with high
livestock densities in Southwest Finland and Ostrobothnia, manure ends up in fields that already are
nutrient rich, regardless of application plans prepared for them. While the manure application plans
may have some steering functions, their role is modest compared to the costs their compilation
causes to farmers and authorities.

In expert feedback, shortcomings related to audit and monitoring practices were also highlighted
as policy problems. Follow-up of soil nutrient content and nutrient use is based on labour-intensive

® In addition to the processing of livestock manure, the use of industrial and municipal organic by-products and
wastes in biogas production and the processing of digestate is at the core of promoting nutrient recycling. In
addition to the general preconditions for the development of this sector, it is important to pay attention to the use
of different inputs and solutions for processing nutrients fractions. In this report, the regulation and support forms
of biogas production are only discussed from the viewpoint of digestate reuse.



sampling and recording practices. However, no attention has been paid to the quality assurance and
reliability of the knowledge base. Another problem is that the information produced is only used
little or not at all in the guidance of nutrient recycling.

7.3.2. Innovation policy and promotion of market creation a recycled nutrient
market

When effective, restrictions placed on nutrient use may guarantee that manure spreading, for exam-
ple, always qualifies as recycling rather than mere disposal. Obligations operate also as innovation
policy instruments. It is unlikely that systemic changes, including a transition from the use of inorgan-
ic fertilisers to recycled fertilisers, will take place without them. For instance, restrictions and obliga-
tions imposed on the application of manure may provide an incentive for innovations and invest-
ments that will improve the transportability and nutrient proportions of the materials.

However, restrictions and prohibitions cannot catalyse change alone. Both carrots and sticks will
be needed to pave the way for new technologies and practices. The investment support of the Rural
Development Programme are instruments tailored to promote the renewal of rural businesses. The
allocation of funding to nutrient recycling related investments can tell about the role the funding
scheme has in the field. . Little information of this type was available for the needs of this report.
Whether or not making investments is attractive depends on farm profitability and future outlook,
and there are differences in the uptake of support between lines of production. On the other hand,
interviews with experts also brought up a need for active provision of advisory services and facilita-
tion related to the support schemes.

During the current government term, the development of nutrient recycling technologies and
business concepts as well as experiments are supported with EUR 30 million as part of the key pro-
ject ‘bioeconomy and clean solutions’. The impact of this and previously granted funding is difficult
to assess. No systematic follow-up data is available on the significance of the funds already spent and
the lessons learned from experiments.

Nutrient recycling may be based on cooperation between farms or, for instance, networking of
biogas, composting or industrial companies with farms. Contractors that transport and spread bio-
masses, and sometimes also process them, are important mediators and coordinators of activities.
The creation of nutrient recycling entrepreneurship may be supported by means of investment sup-
port, for example, but also by providing more training in the sector. At the same time, it is important
to ensure that farms can trust the products and services provided for them.

A well-functioning market of recycled nutrients could also efficiently promote a good match be-
tween production and demand. The EU Regulation on Fertilisers, which is being updated, aims to
improve the classification of fertiliser products. It lays a foundation for development of products that
can be placed on the common market. The regulation sets requirements regarding raw materials,
product performance and product safety. The legislative reform will create preconditions for gener-
ating a European market for recycled nutrients. This means that while the export opportunities of
Finnish products will be increased, imports of recycled nutrients may also grow considerably.

The literature review carried out showed that discussion on measures through which the crea-
tion of a recycled fertiliser market can be promoted is relatively active. Separate reports are currently
being produced on many policy instruments (see Appendix 3).




8. Recommendations

A comperensive policy reform is needed

Efficient promotion of nutrient recycling demands that the problems identified in this report will be
solved. This calls for a comprehensive policy update. In its current form, the steering of nutrient use
places a considerable regulatory burden on both operators and the administration. This burden is
heavy, particularly when compared to the gained benefits in nutrient recycling and environmental
protection. The imbalance also extends to the EU agri-environmental scheme, which has been con-
sidered a key policy instrument for promoting nutrient recycling. The lower payment amounts and
reduced commitment to the scheme have undermined its importance.

The timing for a policy reform would be optimal. Preparations of a new programme period for
the EU agri-environmental scheme are currently under way. In addition, a reform of the permit sys-
tem for livestock installations under the Environmental Protection Act is currently being drafted by
the so-called deregulation working group. In the context of the EU’s circular economy package, pos-
sible needs to review the Nitrate Decree have also come up in discussions. An overall reform drawing
on different processes could result in an outcome that will support nutrient recycling sustainably.
Problems associated with the synchronisation and timing of legislative amendments should not be an
obstacle to the reform. If the amendments cannot be carried out at the same time, the reform
should progress one statute at a time.

1. A general statute applicable to all cultivation/fertilisation that addresses both differences in
crop nutrient needs in individual plots and the objectives of water management should be drafted.
The guidance of nutrient use in its current form through the EU agri-environmental scheme should
be abandoned. The Nitrate Decree, which could become a statute that applies to all nutrient use,
provides a feasible basis for regulatory development. The reform would improve the predictability of
regulatory instruments, release environment payment scheme funds for new measures, and antici-
pate a situation where commitment to the scheme is reduced further. Increasing the share of arable
land fertilised with manure and manure-based fertiliser products and reducing the use of conven-
tional inorganic fertilisers should be set as the objective of the entire guidance system.

2. The role and relationship with general regulatory instruments of the environmental permit
for livestock installations will be clarified. It is important to consider if the manure application plan in
its current form has a genuine role in steering, and if the use of manure for fertilisation could be
guided exclusively by the statute referred to in the previous section. The environmental permit sys-
tem for livestock installations could, for example, be developed through the Nutrient calculator tool®
that is being created for the authorities. This tool makes it possible to check if an area can receive
more nutrients or not. If not, the environmental permit conditions may require the producer to pre-
sent a solution for processing the manure or transporting the nutrients away from an area with a
surplus.

3. To support the development of policy instruments, a field plot specific nutrient database for

authorities and researchers should be created, starting with regional experiments. Objectives will
include verifying and monitoring the phosphorus status of fields. Based on the data, manure and
other fertilisers can be applied sustainably and as determined by crop needs. This system would
make the surveillance of policy instruments more efficient, streamline permit processes, make it
possible to evaluate the effectiveness of the steering system, and improve the transparency and im-
pact of the policy instruments. The new system would not necessarily bring further regulatory costs
compared to the current situation, as up till now, soil samples have been collected as an obligation

® Tool for planning regional nutrient recycling project, 2016—2018. Implemented by the Natural Resources Institute
Finland and the Finnish Environment Institute.



under the agri-environmental scheme. The proposal does not have direct effects on the evolution of
nutrient loading, but it is a precondition for the effectiveness of all other instruments. The database
may also have an informative role.

Other proposals for developing policy instruments
4. The objectives and targeting of funding for experiments will be developed. The projects to be

funded should be based on clearly identified and well-justified experiment or trial designs. Experi-
ences and lessons learned through experiments will be collected systematically. The impact of fund-
ing mechanisms should be assessed regularly, and their content should be developed based on the
assessment results.

5. Investment support should be more clearly targeted at solutions that promote nutrient recy-
cling, taking regional differences into account. The investments and procurements of the central
government, municipalities and counties may also indirectly support nutrient recycling.

6. Research relying on public-private partnerships should be stepped up to support the devel-
opment of competitive recycled nutrients and their quality assessment. Large companies engaging in
agricultural, foodstuff and input production will play a key role in taking up new solutions.

7. Finland will continue its active participation in the reform of the EU fertiliser legislation and

see to the effectiveness of national legislation in the nutrient recycling sector, taking the require-
ments of Union legislation into account.

8. A well-functioning market, entrepreneurship and safe use of recycled nutrients will be sup-

ported by developing quality systems and standards and through training targeted at operators in
the sector.

Proposals for developing the knowledge base and goal-setting
9. A comprehensive information system will be created that encompasses the locations where

nutrient-rich biomasses and ash are produced as well as their volumes, properties, processing tech-
niques and end uses. Compatibility of data collections between the environmental administration
and the Finnish Food Safety Authority will be ensured. The traceability of data will be ensured.

10. The recommendations on phosphorus and nitrogen fertilisation for different crops will be
updated as indicated by the latest research results.

11. Regional targets for processing livestock manure will be produced, drawing on the Tool for
planning regional nutrient recycling that is being prepared for the authorities.
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Appendixes

APPENDIX 1.

Calculation principles
Chapter 4. Phosphorus and nitrogen use in different sectors

The estimates given in Table 1 are mainly based on information provided by operators subject to the
notification obligation under section 11 of the Fertiliser Product Act (Ministry of Agriculture and For-
estry 539/2006) to Evira for 2016 and the product labels. The quantity of inorganic fertilisers includes
both products manufactured for use in Finland and imports.

For the information sources used to estimate the manure and nutrient quantities, see Table 2.
The data were collated from sources for 2014-2016. The figure describes the quantity of manure
generated on farms. In practice, a small share of the manure is processed into organic fertiliser prod-
ucts, and it is thus also included in the quantities of fertiliser products containing recycled nutrients.

In the fertiliser products containing agricultural recycled nutrients, the quantities of soil condi-
tioners, organic fertilisers and ash-based fertilisers used for agricultural and horticultural purposes
have been included. The fertiliser products containing recycled nutrients from the forest industry are
mainly ash-based fertilisers. Ashes used for further processing are not included. In landscaping, the
quantities of soil conditioners and organic fertilisers used in landscaping and further processing have
been included. Kangas and Salo (2010) previously estimated that the quantity of phosphorus and
nitrogen recovered exclusively from sewage sludge used in landscaping was 1,500 and 2,600 t a year.
Compared to these figures, the figures presented in this report are low and also contain other raw
materials besides sewage sludge.

Regarding fish farming, the phosphorus and nitrogen quantities given in Table 1 are expert esti-
mates based on the masses of fish produced for human consumption and the nutrient content of
feeds (Vielma 2017). In recycled nutrients are included those in the so-called Baltic Blend produced
by a Finnish fish meal factory. This fish meal produced from fish caught in waters near Finland partly
replaces the fish meal previously used in feeds made with fish caught in oceans. Its proportion of fish
feed used in Finland was estimated based on the production figures of companies operating in the
market (Vielma 2017).

Chapter 5.1 Biomasses and their nutrient content

The data given in Tables 2 and 3 as well as Figures 2 and 3 are based on a number of different
sources depending on the type of biomass. The data on manure are estimates based on livestock
numbers. These numbers (cattle, pigs, poultry, goats and sheep) are based on the Natural Resources
Institute Finland’s livestock statistics from 2014 (OSF 2017a). The number of horses in 2014 is based
on information obtained from the Finnish Trotting and Breeding Association Hippos, and the number
of fur animals in 2016 is based on information provided by the Finnish Fur Breeders’ Association
(STKL). The quantities and properties of manure from cattle, pigs, poultry, horses and goats were
estimated based on animal numbers and the Finnish Normative Manure System (Luostarinen et al.
2017a). Manure quantities from sheep were estimated based on animal numbers as well as the min-
imum manure storage volumes and table values in the Nitrate Decree. The manure generated from
fur animals is based on, besides the animal numbers, an estimate of minimum volumes of manure
storage facilities and Viljavuuspalvelu statistics on manure properties in 2005-2009.

The quantities of surplus grass (fallow fields, nature management fields and riparian zones) were
estimated based on areas under cultivation and crop yields. The areas under cultivation in fallow



fields, nature management fields and riparian zones in 2016 were obtained from the available statis-
tics on agricultural land (OSF 2017b). The crop yield and property data are based on the results of the
project Biogas from managed uncultivated fields (dry matter crop 3,000 kg/ha, dry matter content
37%, nutrient contents in fresh weight 4.7 gN/kg, 1.7 gP/kg, 0.3 g soluble N/kg, Niemeldinen et al.
2014).

The principal data source for recyclable municipal and industrial biomasses was the data in the
environmental administration’s oversight and loading information system (VAHTI) for 2014. Other
studies and statistics were also used as information sources if the data were not available in VAHTI
information system with the desired accuracy and reliability. The data in VAHTI are based on out-
going biomasses, or the volumes of biodegradable materials generated in production reported by
operators liable to have an environmental permit. The data of plants with permits issued by munici-
palities are not included in the figures, as they are not recorded in the VAHTI system. The nutrient
contents of sludges, wastes and sidestreams are based on previous studies and expert estimates of
biomass consistencies (see Table 2).

The quantities of sewage sludges as well as industrial wastes and sidestreams were gathered
from the VAHTI system and complemented by adding the data of any plants that were found to be
missing (sludge volumes of Helsinki Region Environmental Services Authority and Turku treatment
plants). Sewage sludges were defined as including both treated and untreated municipal and indus-
trial sludges (including septic tank sludges). The dry matter content of sludges varies depending on
the treatment method, and the VAHTI data contained both undried sludges (dry matter content 1-
5%) and dried and processed sludges (dry matter content 10-35%). To estimate the total quantity of
sewage sludges, the sludge quantity with the dry matter content recorded in the VAHTI system was
used. The mass of anaerobically digested and composted sewage sludges was corrected to corre-
spond to the pre-treatment mass, presuming that the original mass was 10% higher for digested
sludges and 30% higher for composted sludges. To estimate the nutrient quantities, the average dry
matter content of the sludges was presumed to be some 16% based on VAHTI data and literature.
The nutrient contents of sewage sludges (5.6 gN/kg, 4.3 gP/kg, 1 g soluble N/kg in fresh weight) are
based on prior studies (Biokaasulaskuri 2014, Kahiluoto & Kuisma 2010, Rasi et al. 2012).

The volume of biowaste produced from housing and services was estimated based on the aver-
age biowaste quantity per resident determined in the KEIKKA project (146.9 kg/a, Salmenperi et al.
2016) and population data from Statistics Finland on 31 December 2016. The biowaste quantity per
resident contains not only separately collected biowaste but also an estimate of biowaste contained
in mixed municipal solid waste (MSW). Biowaste mainly consists of biodegradable food waste, ex-
cluding such materials as paper or cardboard. Industrial biowaste quantities that end up being pro-
cessed together with municipal biowaste were gathered from the VAHTI system and combined with
biowaste quantities from housing and services. The data on biowaste properties (dry matter content
30%, nutrient contents in fresh weight 6.6 gN/kg, 0.9 gP/kg, 0.4 g soluble N/kg) are based on prior
studies of municipal biowaste consistency (Biokaasulaskuri 2014, Kahiluoto & Kuisma 2010, Rasi et al.
2012, Tampio et al. 2016).

Food industry sidestreams consist of different food industry and livestock production sludges
and wastes, data on which are reported to the VAHTI system. A high number of small food sector
companies that do not report their data are missing from the VAHTI system. Particularly significant
uncertainty is caused by the wide range of materials with different properties in food industry side-
streams. The dry matter content of different materials may vary from 2 to 100% (VAHTI information
system, Kahiluoto & Kuisma 2010), which sets a particular challenge to estimating the properties of
the total sidestream quantity. The nutrient data used in this report are based on average properties
of food industry sidestreams used in prior studies (dry matter content 20%, nutrient contents in fresh
weight 8 gN/kg, 1.4 gP/kg, 3.2 g soluble N/kg) (Biokaasulaskuri 2014, Kahiluoto & Kuisma 2010, Rasi
etal. 2012).



The pulp and paper industry sidestreams accounted for in this report consist of fibre, coating,
sewage and de-inking sludges. The sludge quantities are based on data for 2015 obtained from the
Finnish Forest Industries Federation, as the sludge quantities reported to the VAHTI system were not
comprehensive regarding these sidestreams. Regional data in Figures 2 and 3 are based on the VAHTI
system, however (data for 2014), which only contains about 60% of the total sludge volumes report-
ed by the Finnish Forest Industries Federation. There are also great variations in the properties of
pulp and paper industry sludges depending on the sludge type. The property data used in this report
are based on average sludge properties used in prior studies (dry matter content 25%, nutrient con-
tents in fresh weight 2 gN/kg, 0.4 gP/kg, 0.1 g soluble N/kg) (Apila Group 2013, Biokaasulaskuri 2014,
Kahiluoto & Kuisma 2014, Rasi et al. 2012).

When looking at the waste and sidestream data, we must note that due to the uncertainties as-
sociated with many of the input data, the figures are indicative and do not necessarily contain all
possible biomass fractions that could be recycled. The greatest uncertainties are related to data in
the VAHTI system that do not contain plants to which municipalities have issued environmental per-
mits, which means that small actors, in particular, are missing. Not all large plants are necessarily
included, either, if the plant data have been reported by other means than the VAHTI system. No
waste data from the Aland Islands are included in the VAHTI system. Data gathering was also ham-
pered by the fragmented nature and poor traceability of data recorded in the database. Additionally,
data on the properties of several waste and sidestream fractions were not readily available.

Chapter 5.4. State-of-the-art in biomass processing and recovery

The data on biomass processing were collated by combining the available data in the VAHTI system
and data from Evira as well as earlier reports and surveys concerning the techniques used by plants
processing different biomasses. The plants’ environmental permits were also used to find data that
were not otherwise available. The quantity of biomasses processed using different techniques varies
depending on the availability of the masses and, for example, waste and sludge processing contracts,
which adds its own challenges to assessing the-state-of-the-art in biomass processing.

The current state of the art in manure processing was studied by means of manure management
surveys conducted by the Natural Resources Institute Finland and the Finnish Environment Institute,
based on environmental permits issued to biogas plants, through interviews with Natural Resources
Institute Finland’s experts and by contacting different operators directly. A survey of manure man-
agement on all livestock farms was carried out in 2012, including for horses in 2014 (Luostarinen et
al. 2017b). Data on the incineration of horse manure were obtained as a communication from For-
tum Oyj. The share of centralised composting of manure from fur animals was estimated for 2017,
and the situation of centralised composting and drying of poultry manure in 2017 was obtained di-
rectly from the operators. The quantities of manure processed at biogas and composting plants were
estimated based on data from annual notifications to Evira in 2016 (Evira 2017a), the Finnish Biogas
Association’s map of biogas plants from 2017, and the environment permits issued to plants. The
current status of surplus grass processing is based on expert estimates.

The state of the art in the processing of sewage sludges, industrial biowastes and food industry
side streams is based on data for 2014 in the VAHTI system. The processing of biowastes from hous-
ing and services is based on estimates of the Finnish Association for Biological Waste Treatment con-
cerning biowaste processing (data for 2013, Pirkkamaa 2014) and on annual notifications to Evira for
2016 (Evira 2017a). The data on the processing of pulp and paper industry sludges are based on data
produced by the Finnish Forest Industries Federation for 2015 (Finnish Forest Industries Federation
2017).



9]eSUSPUOD pue
sased 3ulAip jo Jusw

Suiznajjad/ausw
-1e3J) [BWLIBY] J0)
juswieasl-aud se pasn
9q ue) ‘uodsuesy pue

Asan02aJ uad
-0J)u Joy Ajiqissod
‘Hd ay3 Suiseaudap

'%00T 03 dn aq Aew
23pn|s palp ay3 Jo U}
-U0d @ 9Y3 ‘ssac04d 3y

9leas -1eaJ1 4o paspN "uoll |  (sua18Ay "]pul) s|puey Aq paonpaJ aq ued uo Suipuadaq ‘ssew ay3 3ul
, -a8ue |eJaWwwo) -ejodens ua3oulIN | 03 J3ISes ssewolq palg | uonesodens uadoslN 06 G6< U | -1eay Aqasiem jo [eAoway sadpn|s Suihig
‘palpnis aq 03 SIU3U0D |AIQ MO|
paau |10S UO SaAIpPE YUM U119 dJow
40 spedw| ‘ssew uoljesedas axew
9|eos 93 9seaJou| 03 pud} SIAIIPPY "IUUO0D “J9puljAd Sujuuids e
-93ue) U2IyMm ‘saunuew Joy INQ pue snioydsoyd NG Y81y e yum ss Ag pasned 22104 |e3njuad sa3pn|s uon
07T ‘wJeq |eI2JBWIWO) | SIAINPPE JO AljIgenS | Jo uoiesedas US| -Ssewolq 4o a3 | 04-0S| S8-0G| 0G-0T | Syl uo paseq st uonesedas | ‘saunuelp -esnjuiua)
‘palesedas aue spijos pue
9A3IS 3Y3 y3nouy) pausyi si
pinbi 8y "ainssaud sapun
9|eos salN|s S9AIMPPE INOYUM SaAlIppe 9A3IS B SPJeMO} |elialew
-9 Joj pasn Ajuow Jood Jayjes uony AIsuUadxaul yum Adusioiys ss90 ay3 saysnd 1ey3 ssaud
e ‘wieq | -wod ‘lepsawwo) | -ededas snioydsoyd |  Ajaaneas pue ajdwis -o4d ay3 Suinosdw | 0G-52 S-S g€e-S M3Jds e 3uisn uollesedas saJnueln | SsSa4d mauds
‘uoljesedas |\JQ JUSDIYD
2Jow dAey siojesedas
ssald "Buissaud Aq 8o
9|eos S9AI}IPPE N0 SaAllIppe paseaJoul 9q Aew Aduaidiya
-9 -yum Aduaidiye uon yum Adualidiyye ssad s} Jo ‘paseq-Alneld aq
. ‘uleq |erJawiwo) | -esedas ood Jayley -o04d ay3 Suinosdw | 09-0¢ 09-S| 0SS Aew uonesedsas ay] ‘spin sagdpn|s ssaud }og
9|eds 1UaU0d NG -bi| wouy spijos sajesedas
-984e| payoo|q MO| B UM S3SSewolq 1BY3 J14ge) SAIIS B U0 DAIIS B sJoled
. ‘wJed |erJaWWOo) 198 01 Aouapua YHM 1s9q SHIOM | SS-05| Ob-SE 0€ | 8uisn uo paseq s| uonesado sa8pn|s | -edas u23.ds
S9AI}IPPE JO 35N 3y}
pue JualU0d Jo1eW "92BJUNS 3Y) WU P3
JU3U0d Aip uo spuadap Ad -309]|02 a4k spinbi| 8y} pue
9|eds | Juawdojanap pasu INQ MO| B UM s38pN|s | -UaId1443 ‘S24nuew 4oy w0310q 9y3 1e 9|113S SpI|oS uoney
-93ue| Aouaidiye uoned Jood Jayies usyo 104 3|qeins "dAIS syuel agpn|s ul uon 9y ‘Ausuap apiued pue Ay sa3pn|s | uswipas/3ulfy
L ‘wieq | -edas ‘|epsawwo) | Aduaiiye uoneledas -uadxaul pue d|dwis | -esedas paseq-Aliaeln GG | S9-02| 08-0€| -1Aed3 uo paseq uolesedas| ‘saunuelp -19S
‘Ajjiqeiene J1ay3 30944 Ajpuedijiugdis 3ou saop ing suoiiodoud jualinu syl sadueyd Suissadoad sy "133em jo uoliesedsas Jo uoijoedy pinbi) pue pijos e ojul uoijeledas sanbjuyaa) uonesedas

S90Ud
SETEN]

3|eas

Alanjew |eoy
-3ojouyaay Jo |97

suo)

sold

Aujigexns

A3ojouyoal
9y3 JO syuswaJinbal
pue sainieay |edads

WO

d

N

JU93U09 ndul

$59204d JO 9% ‘SjualiINu
J0 Aduaidiyys uonesedss

9|duld

ssewolg

A3ojouyda |

sa18ojouyd9) Suissadroud ssewolg ‘¢ XIANIddVY




SISOWSO
9sJanaJ ul uey Sulnoy

ssa204d
uoiedidaid auAnaS

"auelq
-waw 3|qeaw.ad-|was

yum swajqoud ssa Supueyus Joy -89 e pue aJnssaJd 2130wso s915eM
9|eos aseyd ‘|[eAOWRJ J91eM pue 9|geMNsS ‘Jusawiealy uo paseq poyiaw uoljeJy ‘sadpn|s SISOWSO
- -98.1e7 juawdo|anap u| uonesedas a3eunday -a4d saJinbay U 06| ,08-0G| -Usdu0d pue uoneledasy | ‘sainuep pJemio4
uoljesauadal aueuq *24nssaud unodea ul
-WIIA "aJniesadwal S9DUDJIDIP UO paseq sueiq
9seaJdul pue Hd -waw d1qoydoupAy snosod
3ulnoy JO 9seaud9p saJinbau e y3nouys (6<Hd) pinbi saisem
9leas aseyd | auesqwiaw ‘uondwns |eAOWa. J91eM pue | Aj|e1lualod “jusawieall wouy (EHN '8'9) spunod ‘sadpn|s uolie||nsip
- -98.1e juswdo|ansp u| -uod A8uaus ydiH uoneledas 914Ny -24d sauinbay 0 0 L06< | -WO0d 3|1ejoA Jo uoljeledas | ‘saunueln SUBIQWBIN
uoleJy “1U344NJ 21I3|9
-U3dU02 JUBLINU MO| 3uisn sueiquisw a3ueyoxa
aseyd Suinoy © UY1IM SUOIIN|OS U0} -uol ue y3nouys ss|nd s915eM
9|BJS | UOIIBJISUOWDP PUB | SUBIQWIA “uoidwns |eAOWJ J3}eM pue 9|geMnsS ‘Jusawiealy -9jow padieyd Ajpannedau ‘sadpn|s SIS
— -984e juswdo|ansp u| -uod A8uaus ydiH uonesedas 21e4ndy -34d saJinbay 0 06< 00T | pue Ajaanisod jo uonesedas | ‘saunuely | -Ajeipos3ds|l
uoilesauadal
QUBIqWIBIA 34N}
-eJadwal Jo aseasdul
pue Hd jo aseasdsp ‘uorn
juawdo|anap saJinbau Ajjennual -oeJ) Pa1eaJl/palally Yyl
Japun sainuew -0d "juawjieasy-aid ‘9’ dueJqUIBW 3Y3 ySnoayy
Joj sanbiuyoan saJinbay "sueiquisw $903 1ey 21eawad ayy sisow
usawiealy Jajem aJns p1jos e y3noaya (N pue sueJqwiaw 3y} JO apIs S91SEM [ -SO  9SJIN3
9leas Joj anbiuydon -saud y3iy sauinbau |eAowl Ja1em pue | -"HN '8'9) spunodwod 00T 00T | 3Induj 8y} uo sujewaJ Jeyy ‘sadpn|s ‘uoneJy|ly
crviTrors -98.1e7 |eI2J2WIWO) Y uonesadQ 8ujno4 uonesedas a3eunddy | 3|gn|os jo uoiesedas -86| 00T-0L -G6 931B1Ud3aJ Y} :SUOIdeIy | ‘saunueln -oueN
‘uolnelauadal 0M] 03Ul paleJedas si pinbi|
1uawdolansp QueiquIBIA ‘ssewolq 9y ‘|ennuslod 213193|9
Japun sainuew 9y1 JO JUBWIedI) JO UOI1eJ3U2U0I ‘Daniesad
Joj sanbjuyoan -a4d saJinbay W9} ‘@4nssaud Jo sadUDID) uone|iy
Juawiealy Jajem ‘wrl T°0-T0°0 S! dueluq -}Ip UO paseq aueiquiaw s915eM -oJo1w
9|eas Joj anbjuydan |EAOWSJ J91BM pue -waw snoJod e jo 00T 00T 9|geawuad-|was snoJ ‘sadpn|s ‘uonesyiy
. -98.1e7 |eloJsaWwWod v Suino4 uojjesedas Juay3 | a8ues uonesedss syl -86 | 00T-0Z -G6 -od e y3noJyy uonjesedas | ‘saunuen -eJyn
'pa129]|0d
S| 91BSUSPUOD BY3 pue
PISUIPUOI S| J91eM pajed
-odeAs ay] *(91e41u92u02)
s90eyIns |eAnowal uonesodens uol10.l) PAILIIUIIUOD BY} s91seM
9|eos J0 3ulN04 JUdWeaJ] | J91BM PUB SIUBLIINU JO uadounu uanaud Suines| ‘4a1em 91840dEAS 0} ‘sadpn|s uon
-98.1e7 |erJaWIWO) -94d saJinbay | uoEBJIUDIUOD JUBIDIYT 01 Hd jo aseaJd3Q 06<| 00T-S8| 66-08 | @4n1esodwal ayy Suiseadou]| ‘sainuely -eJ1UU0D




‘Suliniew 404 SMoJpIM
uado 03 panow s| ssewolq
9Y1 Yd1ym Jane ‘shep 7
01 G Sl uoneJanp ssa20u4d ay |
*J9Y10 9y3 1k papeojun pue
wnJp ay3 Jo pua auo ie
ul pa4 S Ssewolq ayl ‘wnJp
9|eas A3ojou ‘ulniew spasu Sunejod e uj paysodwod sajsem
-93Je| | -yo3) [BIDJBWWOD | Ul ‘A1an0234/SSO| S| SSewolq 3y} 249Yym Jusw ‘sadpn|s Sunsod
‘wJed UMOUN-[|]9M uadoslN Suiniew 4oy pasN -1eaJ1 2dAy-Jelasnpul uy | ‘saunuey [ -wod  winig
‘Juawieasy Aepuodas
10} SMOJPIM uado 0} paAow
S| SSewolq ayl Ydiym Jaye
awin ‘s)9am ¢ 03  wouy Ajjlensn
Buissaooud 3uo| 1on uoleing “MoJpIM 3y}
-poud ay1 jo Anjenb MO|2( WOJ} UOIIRIBY 'S
9|gelen pue ssad0.ud -sed ay3 wouy aunided uagd
93 JO SsauuaAaun d|puey -0J}1u s3|qeud ASojouyda |
ASojou ‘8ulniew spaau 0} J3ISea 1l sayew "92eds pasojous ue uj Sul s915eM
9|eas | -ydal|eJawwod | uayQ "AJBA023U/sSO| | ‘ssewlolq Byl sasiues -150dw 02 MOJPIM palesae ‘sadpn|s Sunsod
-98.1e7 UMOUN-[|9M uadoslN pue JNoPO SAVNPIAY Suniew oy pasN Aj|ealueydaw ‘snonujuod 7 | ‘saJnue|A | -wod  [duuny
adid uon
-eJoe ue y8noJayy uonesay
ASojou *J9pa9} e 3uisn deum onsed
-4291 [e12JaWwod $9s50| uadoJu e oju] padeyoed s| paysod Sunsod
wue4 UMOUN-[[9M i/ | ‘SUOISSIWD JO |0J3U0D -Wo02 3 0} SSewolqayl | SaJnuelp |-wod  agny
ssewolq 91e15931p
ay3 sasiyues (Ajed) 10 3s0dw0d JO 34N} ‘Bunsodwod ajowoud 03 pa
pue sInopo SINPAY -ew 03 pasn Apsow -1eJ9€ 3SIMIBY10 JO pauiny
9|eas A3ojou Jnopo | paJinbaJ syuswisaaul | sassewolq Jay3o Jo4 9q Aew smoupim ay | sajsem
-98Je|| -yoo1|elJaWWOd ‘s9ss0| uaoJyu 2Jn3onJiseljul ou 'S9Jnuew Joj Jusaw 'SMOJPIM P3|eas a2ens ‘sagpn|s| Sunsodwod
o1z ‘wJeq UMOUN-[[9M /| ‘SUOISSIWD JO |043u0) | ‘Quawa|dwi 03 ajdwis | -31eaJ Ajuo ayl usyo 0S| 00T-09| 06-0€ Jo deay e ul Sunsodwo) | ‘saunuely MOJPIM
‘SuiAip-aad |ed
-lueydaw aJinbas sa3pn|s 1N ‘S|puey 01 J3ISes 1l S eW pue SSew ay3 Sas|Iqels Juawieall ay] “(A1anodau usadouiiu pue uoie|ndLId Ja1em ssa20.4d ‘uoniesse “jaul) sanbiuydel
Pa109]9s 9y pue passad0.4d aq 03 |eld1ewW 3y} U0 Spuadap AJUSIDILD JUSWIIEDI] "SHOIM OM] 1SEI| 18 J0) D, GG PIPaIXa sey ainlesadwal S 92U0 PasilIUeS 9q 0} PaJapls
-U0J S| SSEWOIq 9y "SUOI}PUOD J1Q0JI. Ul IPIXOIP UOCJeD Se ||[oMm se 1sodwod adAl-snwiny w.oj sjelalew med (dluedio) ajqepesSapolq yaiym ul sseo0.d [eaiojoiqosdiw bunsodwo)

sanbiuy2ay |eaiSojoig




uoljesado sno
-NUIIUOD YUM SHUN

(sa180j0uy291 SulAip
*12) Asanodas uadounu

sisAjoJAd 1sey e ui ueyy
J2y31y si p|atA Jeyd
-olq 3y ‘ASojouyoal
9|ge|eds v ‘AS1aud
ssa204d se Jo ‘ssew
-o1q ay1 Aup 01 pasn
9q ued sed paonpoud
9y1 JO Juau0d A3uaud
9y] ‘porsad 3uoj e Joy

‘|lelia1ew med 3yl pue suol}
-Ipuoa ssas0.4d uo puadap
Ajpeaud saipuadoud 1on
-poud "pasnpoud s| uondedy
pinbi| e osje sased jo uones
-uspuod ay3 3ulng ‘sased
pue (Jeydoiq) sjualnu pue
u0QJed 3ululelUOD UOoNDEe.
e saonpoJd ssadoud ay] ),

9leas | ojiqow os)y ‘syue|d ‘uonoely pinbij jo ]10S 9Y3 ul pansasad (% 0/< 3u21u0d 00€ Suipaadxa aJnjesadway S91SEeM
-984e| 9[BJS UOIIBJIS |  UO[IeSI|IIN ‘SUOIIDIAS s|Jeyd(olq) -1onpoud NG Induy) ssewolq e 1B SUOI1IpUOod dlqoJaeue ‘sagpn|s
12 ‘wieq -uowap pue 10|14 -24 9A1le|s1897 | ay3 jo Anjigesodsued] | sy jo Suthup saainbay | 0/-St | 00T-SZ | 0/-0€ ul Jonew dluedio SunesH | ‘saunuelp | sisAjosAd mo|s
‘3ulAip ssewolq Suninp aoejd aye1 1snw aunided uadoulN ‘|I0S Ul UogJed JO 1eJ uoINSodwoIaP Y} UMOP SMO|S
pue sjue|d uoj snioydsoyd jo Ajjigejieae ay3 saonpads a4njesadwa) Ul 9seasdu| “Jodsued) 03 J9ISes 3 S9)eW pue SWN|OA S} S9onNpaJ sSewolq ay3 Jo Suneay sanbiuya9) [eway
uolnpoud
sed 1dnusip Aew SJNOPO SJNpaJ
ndui you-N v “A3ojou Ajjennuaiod "pain|ip
d|qejieAe sa13 | -yd31 9yl uo puadap | 3q 01 PaAU UIYO %OP<
-0JOUYD3} |BIDJ3W | PUB UMOUY J0U SUOIS | 4O SIUSIU0D A YHM
9|eos -Wwod 3541y ‘pado | -siw3 “Jusawiealy Ale sassew Inq ‘uonn|ip ‘% Ot 01 0T s91seM uonsasip
-93.e| -|9A9p 8ulaq Sl | -pu0ISS 4O} PISU pue | INOYUM Sassewolq Aip S| P99} 9Y3 4O U0 |NQ ‘sadpn|s J1qoJaeue
‘wJeq | -ojouydsl uasayig | ssnuadoud aeissdig Joj 3|gemns aq Aejp 9y1 249ym ssadoud sedoiqy | ‘saunuely adA-Aug
|elsalew
ay1 jo uonesiualdAy
9Y1 s9|qeus os|e
pue juaId1yya sJow
9q Aew ssa30ud 21j1iyd
SINOPO S30NPIAY -owJay3 ay3 3jiym
uolpnpoud | ‘palesauasd si (s4nuew ‘ss@o0ud o1j1iydow
sed 1dnusip Aew '8°9) ssewolq aJ9ym |  -4ay3 e ueyyr Aljigers
ndul you-N v "paJdinb | seaJe 03 3502 pa3ed0| | J3319q S4a440 ssad0.4d
-24 9q Aew Ja1em | 9q ue) ‘saxiw |elalew | dljiydosaw y ‘ssa204d
9|eas A3ojou 3unn|ig -swnj|oA MEJ JUBIBYIP 40} (2, §5-09) 211ydow "%GT Ueyl ss9| saisem uonsasip
-98Je|| -yoo1|elJaWWOd J030B3. S95ERJDU] ASojouyoay anidays |  -Jayredo (D, Ov-SE) S| P99} 9Y3 4O JUU0D |NQ ‘sadpn|s J1qoJaeue
— ‘weq UMOUY-||]9M SHWI| U0 NG pue UMouy-||am y Jljiydosaw e syl | 0/£-0T 00T 00T | @Y1 249ym ssaooud sedoiqy | ‘sainuely adAr-19
*an0Jd W] 0} PaJaPISUOD OS|e S|
snioydsoyd jo Alljigejieae ay pasi|ign|os si uad0Jiu JaYM $s220.d B U| SJUSLIINU JO UOIIBAIDSAId "anbiuydal syl pue suoj}puod ‘passadold aqg 03 [elalew syl
uo spuadap Adua|a144e JUSWIEJ] "SUOIIIPUOD dlqoJakeuUE Ul 91e1sadIp pue se3olq w0y s|elalew med (d1uedio) ajgepes3apolq yaiym uj ssad04d |edidojoiqosdiw ssazoud snboig




‘paresss
-uowiap uaaq J0u
sey ainuew jo uon
-eOlJISen) "sa)sem

spunod
-W0d HYd Jo uonew
-10} 9|qissod ‘sayse

‘A3ojouyoay

9|qe[eds \ "sayse
pue sase3 ‘syonpoud
om1 AjuQ ‘|any e se Jo
‘A313ua ssa004d Se uo

'sayse pue sased sIsayjuAs
saonpoJd ssadoud sy

9leas pue sassewolq 9Y3 JO s10949 anis | a8pn|s ay3 SulAup Joy (% 0/< 3u21u00 INQ 'SUOI}IPUOD diqoJaeue Ul D,
-9 poom Joj ASojou | -04100 ‘@3pn|s oY1 o | pasn aq Aew 1onpoud | Indul) |esrew ndul 00/ Suipaadxa a4njesadway sajsem
o ‘wieq | -yoal |ePJaWWO) SulAup ayy sauinbay | sed ayz ur AS1aua ay] | ayi jo Sulhip sauinbay 0 S6 GZ | e1eonew ojuedio SuijesH ‘sa3pn|S uoledlyisen
‘lo-olq
aJnssaid y3iy w0y 01 (D, 0LE 01087) 24N}
93 Aq 19s syusw -esadwal y3iy e 1e pue (Jeq
-aJinbaJ ayy 03 0GZ 01 00T) @4nssaud Japun
anp palesisuowsp | ASojouydal Aj3sod e s uMop ud04q sI sa3pn|s s915EeM
9|eos 10N 'sadpn|s pue | ainssaid ysiy Japun S 9% 07-G U902 93 ul Jonew djuedio ‘uon ‘sadpn|s| uonoeyanby
o -984e7 | sassewolq o} J0Od Suidwnd |euaiel | -8pnis 19m Jo4 3|qeUnS INQ [ela1ew ndu| Nu S6 Y4 -oejanbi| jewsaylolpAy up | ‘saunuely | |ewusylodpAH
"9%0/ $0 JUU0D
INQ e yoeaus 01 Ajjedjueydsw
paup 9 ued Jeyoolg *(sed
pue Ja1em 193[au +) Jeyoolq
wJoy 03 (3, 05 03 08T)
sainuew aJnjesadwal ysiy e je pue
Jo} 1uswdo|anap (4eq 0g>) @4nssaud uspun
Japun ‘sadpnis Joj | ASojouyday Ajpsod e si UMOp ua0.q s sa8pn|s
9leds | juawdinba paseq| aunssaud ydiy Japun S 9%GT-SG JU2IU0D QY3 ul Jonew djuedio ‘uon uoles|iuogJed
vz -984e7 | -ydleq |ersawwo) Suidwnd |eusiel | -8pni|s 19m o4 3|qeuns INQ [ela1ew ndu| U S6 GZ | -esiuoqued jewsaylolpAy uj s93pn|S | |ewayl0pAH
'35A|e38D 3Y1 PUB SUOIHPUOD
ss220.4d uo puadap Ajpeau3
sayse sa1uadoud 1onpoud (%0¢)
‘pajesisuowsp 4O S109}J DAISOLI0D ‘A3ojouyday sased pue (%0v) Jeyd
uaa( jou sey aunu | ‘(sa13ojouydal ulhip 9|ge|eds v ‘A3saus -01q ‘(%01t) uonoedy pinby|
-ew Jo sisAjoAd | *32) Asanodau uadouniu | ssad0ud se Jo ‘ssewolq e saanpoud ssad0ud 3y D,
'S9SSeWolq pooMm | ‘uoidedy pinbi| ay3 Jo ay1 Aip o1 pasn aq (% 0/< 3u21u0d 009 01 0S¥ 40 saunjesadwal sajsem
9|eds | 40y Ajuo ASojouydal | uonesijin ‘suondllIs | ued sed padnpoud ay; AN@ Induy) ssewolq 1B SUOI1IPUOd dlqoJdeue ‘sadpn|s
-28.1e |EeI2JRWIWO) Y -394 9A13e|SI1897 | 40 JualU02 ASuaua 3y | ay3 Jo Sulhup saJinbay o S6 Gz| ursenew ojuedio SuneaH | ‘saunueln | SisAjosAd 1seq

€




93pn|s a8emas

ul snuoydsoyd jo Ayl
-liqejieAe ay3 sanoidw|
'ssewiolq ayl salp

‘shep T 1sea) 1e o}
$92489p TT JaA0 0140 Ssinoy
8t 10} S92483p 7T J9n0 0}
pasies st Hd ay3 ‘awi| paye|s
guisn ‘sinoy om1 40} I, G
01 aJ4njesadwal 8y} sasied
Yoiym ‘Hd ay3 asealoul

01 Pasn sI aWl| }2IND awl|

SUOISSIWD pue uonesiuaiSiy Sunsod paYe|s 40 awl| 3ainb Jayus
9leas A3ojouyday | 0D ‘eluowwe se uad |  s9|geud awl|dInb Jo | -wod 39 ‘Quawieal Buisn Aq aunjesadwal sa3pn|s uoles
oes -984e7 |eI2JaWWOod i | -0JMU Jo uonesodead | asn ay] ‘ssado.d 1se} Aiepuodas sasinbay 01 00T 0z | pue (0T<Hd) Hd Jo aseasou|| ‘saunuep | -ljigqeis  awi]
‘BuiAip Joye
pai1sodwod si a8pn|s pajeauy
puodiwa)y| ‘a8pn|s 8yl 0}
pappe si apixosad uadoipAy
‘uollesipixo u| ‘p1ae ounyd
-Ins Suippe Aq pasesdsp
A1ajes |euoiednaoQ sl Hd a3pn|s ay3 uoled
Juswieal) Jaye -jip1oe Sungq "pasIpIXo pue
uolesedas salinb SJINOPO SAJNPaY palpIoe s1 adpn|s syl yaiym
9|eas ASojouydm -9 pUe S|eaIWAYD | ‘|eAOWDJ J91em Sduey | padinbau st juswieasy ul ‘esiwidy Aq padojansp po JusWea]
. -984e |erousawwo vy |eJ9A3s saJdinbay -U3 jJuawieall ay | J91je Suihip a8pn|s U 00T U [-y3dw Suluoiipuod adpn|s sadpn|s puodIWa)|
aJnu uonesi|iay Sunp Jo ‘(sanopo os|e Ajjenusy
-ew ay3 jo Auoeded 98eJ03s aunuew ‘uon -0d) suoissiwa eluowwe
Suuayng Hd 8yl | aJnuew pajeasiun 0} | -e||eIsul 3201S3AI| dY] s92npaJ pue uagounu |ese
uo spuadap Ayjuenb paJedwod SUOISSIWA | Ul JSYHS PaIN23IX 3q -luowwe jo uoiodoud ays
ASojouydm p1oe paJinbas ayy ua8ounu saonpas | ued ‘Hd syl Jamo) 0} 00T | S9seauoul Ydlym ‘9-g'q |9n9)
2 wJe4 |erJawwod | A1ajes |euonednadQ | ‘ASojouydel sidwis v | pioe aunydins Jo asn 00T 00T -08 | 01 Hd aunuew ay) SuamoT SSLUNIS | UONEIYIPIY
*SJ3SI[1149) |eJaUIW Ul 9SOY] 03 Jejiwis saljuadoud suieluod yaiym 3on
-poud juauinu duedioul ue 3upnpoud Joj wie s1aylQ '$s320.4d 01 JaIsea U Suew pue ssewolq 3y} SUIUOIIPUOIAL J0) WIe YIIYM JO 3wos ‘sanbiuydal jualayig sanbiuyaay |ed1way)
‘S|any paJnpau s
paxiw Joj suoned | sdoud o3 snioydsoyd
-ljdde Suiuorouny Jo Ayljige|iene ay1
-|[l2m aJe aJiay) pue 1so| sI Janew
9jeas jue|d Jamod J1ueduQ "8uissadoud
uQ ‘uawadeuew 9|eJS-||ewsS Wo.y
suolssiwa 3ul | SUOISSIWL Jo Juswade 2, 006
-pJedaJ aunuew jo -UBIA| "039 BUlIOJYd Su1paadxa ainjesadwal e je
9|BJS | UOIIBJBUIDUI B|BIS |  JO S103JJ3 SAISOLI0D (% 0/< u21u00 NQ $$9204d UOIEPIXO [eWIdY) sa15EM
-98.g| -||lewsS Ul Spaau | "uol1eJauIdul 31043q ssew | Indui) |ealew ndul e ul A3Jaus ojul Janew ‘sadpn|s
‘waeq uawdolanaq | [eraiew ay3 Jo SulAig | ul uononpad uedusis | 3yl o Sulhip sasinbay 0 00T 0 21UeSJ0 JO UOISIDAUOD | ‘SaJnuely | uoljesauldul




-31p40122417 ‘UoIssIWWo) upadoin3 aya 03 ,2do.in3 uj $313NIRY BuUISS3a204d InUp, BuluIa2U0I || "ON 140day [D2IUYI3 ) S3180j0uYda)} Sulssao0.d ainueA b 33 "X ‘Sie10|4 '8
(2102) ‘bz pla1riodpisnwinying onAexA10Ayeidiaus ef sneainy usuiwial ‘ snisiaxed uasyouueelsAiepeln ‘Al ‘UsuleuelloH g “|A ‘usuelont “|N ‘uauoddny ‘7
"(z002) 961-681T
‘G8 "Jouyda| "4N0SaJolg "Suolpuod 98eso0ls pue adA} unuew 03 UoIIe[DJ Ul UOIINGIIISIP 3ZIS 3|d13ed pue Aduaidiye uoneledas ) g ‘Sulyy g "D °S ‘JaWwWOS g 'H 43J|0IN ‘9
(9T02) “€€ snwinjany uapnojpiolq bl -pipAuouuoNT "eSSasy0lle|nseeyolq essA1a1say el e[j10]13 usulweluApoAy
BABISDY UIpIaluIABIRIUET BSSIS) O RINSERY0Iq BSSA1D11SDY Bl B]|10]11 usulweluApoAy BABISDY USpISUIABIBIUET 'S ‘UBULIBISONT 13 “A ‘UBUOAAG 3 AsInbuipy 1 ‘ejoneed

"(€T0T) 86 ‘€TT /2240dpY 11N °| €||I0|13ERW ERISOjOUNINSERYOIg *S ‘Udulle)soNnT
(TT0C) ‘T 1140dny 11N "usulweluApoAy eAelsay ueuueq ‘| ‘e|0Aeed 1@ "H ‘USUOIYT “[ ‘SO0JUQID “T ‘UDJ30T7 S ‘udulielson]
"(oT0?) 08T
—€GT ‘0€ 'Na@ "uipisns ‘uoJby "MmainaJ y "22130ead pue Aloays ul Adinjs [ewjue jo uonesedas pinbi—p1j0S 'O *S “UBWWOS 1@ T A ‘UISUIISIYD ‘A Y ‘UISUISUYD “IN ‘YMOolH T

S
(£002) "101040d3s U2342s paysniq b pup Abnfli3uad buiaupIAP b Aq sallIN|s 3[3102 pup bid fo uoipipdas [PaIULYIIW Jo UOIIDNIDAT *d 4S04 73 °S ‘UOSUDY|ID ‘P
€
[4

Aujiqiseay pue Ajjigeiins uo uodaa 1daauod Jo Joodd=)(Qd ‘Umous| Jou=""u ‘Jarrew Aip=|AQ ‘4e11ew dluedio=|\Q

N-"HN,

‘uolesauadal

padojanap 1USQgJOSqe JO ‘UOIIeSI|I1DY

3ulaq aJe sainuew ENSIEN ul *8'9 ‘|elsa1eW Y3 Jo

Jojsanbiuydel | juaguosqe ‘Buiues|d asn Jayun4 *(sayjoaz 3'9)

uawieal) Jajem pue uoleauadal 1U9U0D |AQ |eldarew |ela1ew dluedioul snosod e so15EM

9|eas 10} ASojouyosy 1uagJosqe Joj pash 9sn p[al} | MO| e pue JudWIeal} 40 92e4INS 3Y3 0} (BlUOWIWIE ‘sadpnis| sjuagJosqe /
- -984e7 |eloJaWWOod i | sjeaiwayd ‘sadexdolg | 404 3onpoud Jusiinu -a.4d saJinbay U 06<| ,66-L€E '8'9) suol Jo Juswydeny |  ‘saunuey [ 98ueyoxs uo|

aseyd s|easAud Jayio "(0O°H9"Od"HNSIN)

Sunojd uraunu JO uonew.Jo} 3y} 3IN Jo uonippe 1es 21eydsoyd

-ew Joj ‘sa3pn|s | asned suol e) ‘uollesi| pue (<) uonen3aul -uadoJyiu-wnisaudew w.oy s915EM

9leas 1oy ASojouyaay | -|easAud sywi aunuew 10npoud jusuinu | Hd qualuod N Mo| e 03 pinbi| ul snuoydsoyd pue ‘sadpn|s (@uAnAs)
Ve -98ue |e1JaWwwod JO JU3U0D d 3y 1odsuely-03-Ase3 | sauinbau ssaooud ay | 0| 66-0Z| S9-07| uaSouiu jouonesijjeishiy| ‘saunuepy | uonesijeishi)y

"("OS*("HN)) @3eydins

wnjuowuwe upnpoud

‘poe sunydins yum ajdwe

-X3 10} ‘MOJ} 1B BY) WO

1 Suiddins Ag pasanodal

3( Ued elUOWIWY "UON}

-e|ndaJ aunjesadwa) pue

Hd 8uisn (EHN) eluowwe

(SEYNREY! snoased Jo wJioy syl ul

9|eds papaau ua8oJyiu pue aseasd aseyd pinbi| ay3 wouy pajed
9|eas ||lews e uo s3s02 Suiddins usye/auo) JuaU0d -9p Hd) sjeaiwayd -edas sI (N-YHN) uagoJiu s91sem 3uiqqnuos
-984e| y3iy ‘ajeas |ewn -9q do31s AJanodas | uadoulu winjuowwe | Joj PISN "IusWled} whnjuowwe ydiym ui anbju ‘sa8pnis | pue Suiddiis
‘wie4 | -snpujueuopasn| snioydsoyd ‘Suinod | ysiy e sey yonpoud sy -a4d salinbay 0 0| 86-G9| -yoo1Auanodas uadosnuy | ‘sainuely eluowwy

€EIE8




"(9002) 09¥

-6 D3L4IM “Iuswieal] |ediway) Aq 98pn|s a3emas jo Ajijiqesalemaq ay3 4O Juswanosdw| - PUOdIW)Y| "0 ‘MOJJION 8 "INl ‘PlEMUDPIRY “d ‘BlEd “d ‘|dulo) D ‘wneyds
(ST0T) ‘95 Snwiyin1 uapnojpiolq bl -pipAUOUUONT “BUIN] USSILLIEISOYS]} UOIARY USPISIUIAEG

ueuue| Aj91yIsexyoddey ueuue|alal] euad N} UaSIWEISOY) UQIARY USpIIUIARS Ueuue| AjRnIseyoddey ueuue|aial] *d ‘usauindey| 3 *S ‘UsulIeISONT I ‘S00JUQID “] ‘Oles
"(STOT) ‘L snwiyany uapnojoiolq

o[ -pipauouuonT “essasynealnuel|in e1solAey unseexnnd sAJIAI9S eSsasyneAlny uel|iA e1solAey unseeynnd sALIAIRS 7 ‘uaueunn] %@ "y ‘Olyajoqul] “d ‘lwons s ‘Isey
"(STOZ) 9ST-LYT ‘8LT

‘Jouyaay '1nosaJolg 'ss9204d snoNuUIIU0I 0} Yd3eq WoJ) syuawdo|aAd( :SSewolq JO uoi3desanbi| jewlaylodpAH g S ‘SQUOf 13 [ 'V ‘APIWYIS g "V ‘SSOY “d ‘43|19 D 'a ‘Nol||3
(LT0OT Yo4eN 1ST :passe2dy) "dyd-uoneziuogJed-lewsaylolpAy/A3ojouydal/ua/saded/qam/wod  god-ene'Mmm//:d1ay :1e 3|qe|leAy *(LT0g) 'S9141SNPpU| UOJBAY "UO|eAY
(€102) 08T-TLT ‘6t AB12ua01g pup sspwolg *s1onpoud sisAjoiAd psppe-anjeA J0 uoljew.oy

yHm paulquod snioydsoyd Jo uoldesixa pue uoliesiuaduo) :ainuew 3id jo sisAjosAd 1sey Ag snioydsoyd SulpAday [ °|A Y ‘B41S100Y 1R Y Y °S ‘UDISID)Y “IN ‘Bdenzy
"(ST0T) “TZ Snwiyiny uapnolpiolq bl -nipAuOUUONT ‘B}SY0Y UeAeeyellW-10|1d e[ -ol0leloqge| - ISAAjoJAd usa11aI|ISOARLES Y ‘B|OYST 3 °S ‘ISeY ) ‘OlUIBAIIA ) ‘esey

(£T0OC Yo2JeN ISTT :passaday) jwiy 3a4Ad/us/wod zinisonbija'mmm//:dny :1e s|gejieay £ 10z "894Ad ‘onbi|3

(9T02) ¥S—L¥ ‘02T ‘Jouyda) inosaioig ‘siue|d sedoiq uollsadip-0d pue a3pn|s

98emas Jua3u0d uadoJsyu Y31y 3|eds-[|n} Ul 91k JUSWILDJ} JO 9SBIIOU| BY) 3B NWIS 0 $1935931p d1qoJaeue Aloleloqe| JO IS I ‘e[ejuly %3 *1 ‘e|oaneed “S ‘11sead3 3 ‘oidwe]
"(9T0T) ¢TT-€0T ‘2TT

‘POid “up3D “r *s$204d 2y} 0 dduejeq AS19Ud pue SSew [|BJIAO UY :dJnuew 3]11ed Adlep Jo uol3sadip dlqolaeue yum uoipnpoad aedjeosdiw Jo uoeldanul o 33 ) ‘eppal
‘(¢102)

9GT—-0ST ‘YOT Jouyr3as inosaJoig ‘Apnis Ayijigisead :suonipuod dljiydosaw Japun a3pn|s 98emas Jo uoilsadip diqolaeue pijos-ydiH "X ‘1ed x 'g ‘np g ‘8uoq “N ‘veng
"(9102) 20S—C6V ‘8 ‘BLUDIN 21SDAA "S|DPOW |BDIISIIe)S

1UuJa441p Buisn (dINIg) |e1aualod sueylaw |BIIWAYI0Iq JO UOIDIPaId puB SSUNUBW YI01SIAI| JUSISHIP dAL JO UOIISIZIP d1qoJaeue Yydleq uo uosiedwo) 7 ‘usyd g "y ‘o ‘sjje)
(TT0T) ‘LT 11140dpy | 1N “Yei30|0ud1A|9111SEY Uljeelalew uasiedadold unnw ef ueuue] 'S ‘13SeAs] 3 *| ‘e|oAeed S ‘uaulieison

"(8002) 89€/—€9€L ‘66 ‘JouyIa] in0saiolg "dinuew

SUIMS WOJJ BJUOWWE JO UOI1BJIUSIUOD pue AISA0IDJ BY3} 404 SISOWSO 3SIDADL pue SISA|eIPOJIID|D 4O SN °| *d ‘DSSeIN 73 "4 ‘DydoJewe] “q ‘|a1s49dd| ] ‘@SSe|A “|A “AOpPUOIA
"(€T0T) 99T9—LST9 ‘LY 'S3Y 4310/ *Apnis ased y :ssad0.d

Suiddiu3s pjod pue SISOWSO 9SI9AJ ‘UOIIRIY|1JBJIIN PIBITDIUI MBU B AQ SS1UIN|S [BWIUE W04} AIDA0DDJ J91eM pue U8041IN "4 ‘IUBPY 3 'S ‘13B|ES “V ‘OUBA3IYIS D ‘eppal
"(STOT) TZST-69VT ‘Sk Jouyda] '12§

‘UOJINUT "A3Y 114D "MIIAJY |BIINID V :JNUBIAl WOJ UOIIINPOId SJIDZI[13494 Wnjuowwy g ‘|Yepp4oN 8 7 ‘1018S Jeg4al4 ‘A ") ‘Uasualsuy) “Q ‘013IN 0J3WOoY “V ‘eysqalez
"(9T0T) TZZ-0TT ‘68 Y2403s3Y

4310/ "UOI112341p 34NNy pue ‘sadud|jeyd ‘ASojouyda] :AISA0I3J JUBLIINU JDIBMIISEM J0J $355920.4d Paseq-aueiqudIA ‘A ‘Yaglawi3 g Y 'S ‘Aedn “y) 'H ‘uoys “IN ‘OIX
"(STOT) LTv—S8€ ‘Sk JouyIa]

‘19S "UOJIAUT "A3Y 31D “MIIADY |BI1ID V :SWEJLS 1SN WOJS SIUBIIINN J9A02Y 01 saldojouyda] [ @ ‘@uolsieg 1 S ‘Uel “A ‘UBANSN “O ‘M “defunyy “IA D ‘eIyaN
"(9007) v¥v—LEY ‘bS TouyIaL

‘195 4210\ "23pN|s Pa31sa3Ip Ajjediqoiaeue woudy J91eM 193(2J puB SUIIN WOJ4 SIUSIIINU JO UOIIBJIUIDUOD g ‘WOJIS||DH 8 g ‘Shiuajdolg “3-1 ‘waydnlg Y ‘woJsisdiag “IN Y3
‘(€007) TE-1C

‘€G 0SSy "abbubN 31SOM IV °[ *S$204d U011Sa3IQ 210Jaeuy d1[1YydosaA SNOIARI JO dduanjju| :uonesodens wnnoep Aq uonesjuasuo) Auni|s 8id "X ‘sieiol4 3 'y ‘lrewuog
(TT0T) "W ™ || 340da4 ™ |p21UY231 0TOLZ/S20p/n3 sbj1b-ABojouy23a3-0460//:d11y 10 3]qD[IDAY “dd H8T JUSWUOIIAUT [DI3UID)

8¢

L

9¢

T4
e

€¢

K44

‘¢

‘0¢

‘6T

‘8T

LT
97

qT

ha’

€T

k4"

1T

0T



(PT0T) SST—6ET ‘L "WaYD °f ‘qpiy *M3IA3J Y - UOI1ez|||e1sAId 91ANIIS YSNOoUy] SI91BMIISEM WO J9Z1|13434 |BISAID 9SBS|9J MO|S JO UOIIDNPOId *[D 13 “|N ‘N ‘UBwWYeY "€
(TT02) YOTT-660T ‘6€ 4330/ “UIY

‘10 ‘Nv31D "weuldlA ul Suiddils Jiy pue uoieydidald auAnalS Ag sulin uewnH wouy A1an0day snioydsoyd pue uadoJliN T ‘suswa|) 1@ "1 ‘Waydi3 'S ‘slied S ‘lUlUoIUY €€
"(€10T) 79TT ‘S 4910/ "9]edS ||n4 1€ pinbi] a3pn|s

49359310 yum Suiddiis pauiquio) Agq pamoj|jo4 uoielididaud aHANIIS AQ SulIN Wouf d pue N Jo AJanoday "H ‘1s14831S 13 "D ‘19317 “°S ‘4aunang v I ‘491ya0g N ‘S9|eJOIN "ZE
'(T10Z) 99-19 ‘68 104d

‘U0JInUT *JDS $5320.1d *IUdN|HD UOI1ISAZIP d1qosaeue ay3 4o Suiddiils elUOWIWE SNONUIZUOD BY3 UO 31eJ MO} Jie pue ainjesadwal ‘Hd 0 19943 'Y ‘4e307-)9aSuUle|A 1 'S ‘UIISND "T€
(€£T02) L9Y—8SY ‘€ T ‘bu7 "way) ‘d2uewioad Jojoeas pue ssadoud

Suipueisiapun :AJisnpul JUSWISD BY1 JO4 |BlI9IEW MEJ SE uollppe swl| Aq a8pn|s 98emas d11Sawop pPaJaleMap JO UOIIESI|IGeIS *T ' ‘eulldo) 3 Y ‘sopeuetn ) ‘eweltap|eA "0€

(TT0CT) "AUn spuni ‘a1aqipwpxy 19y4aAejeddey ed puodiway paw 3ulasiuai8Aywe|s 1 ‘exed ‘6¢



¢93exded Awouods Je|

-n2J12 N3 9Y3 4o Med Se passnIsIp g p|noys 294297
91eJ}IN ay31 :s3onpoud 3uisijilia) asayl Jo sniels syl
U3XeaM 10U P|NOYS SJsI|1149) Ul Jualpasul ue se
aJnuew passado4d Jo asn *SJasl|114a) paseg-ainuew
104 Ajuo 99429Q 91eJUN 9Y3 Japun sHwl| usSoJuN

'asn jualianu
|| 03 sa1jddp 1py3 93N301S UD3JI D 03Ul Padojanap 3q
pIno3 33123Q 23043IN 3YL "uo1dNposd Jo uonesijesy
-U32 pue aWaYyds |eIUdWUOIIAUR-1ISe NT 3Y} ‘Uon}
-e|S133] 4351|1349} 3y} ‘wa3sAs ywuad ay3 Suuaiysy
JO SWI3) Ul paulwexa 3q P|NOYS SHWI| UOIIeS!|11I94

Su1pAda4 uaiInu Jo YI8UI|
-110g ‘|elJ91eW MeJ B Se ainuew
8uisn uo suone|n3au |eads

épauolsuawip

AJ3094400 syuswalinbal ay)
2.4y ¢92130ead uj oedwi uiping
e aAey sjuswadinbai ayl ||e og

"MOJ SI[9A3] d Y31y B Yum spjaly

ul S1IWI| UOoIes||1143) JO dduUedIIusIs
3y ‘sassewolq Jo 33el031s 3y} 19NJ1sq0
suolje|ngaJ ay)l JO aWoOS :)}I8U3|10q

e ‘puey Jay1o ay3 uo ‘way3 3uisn jo
sAem Japisuod 01 si01eado 92404 pue
S]uaIINU JO $3550| JUaAa.d /iadwey
99.123( 91eJ1IN Y3 Japun suonesi|qo

*9snaJ auinuag sasludwod
uonedldde 1eyy ssjuesend

pue J91eM 01 SUOISSIWD HWi| 0}
SJ9S1[1149} JOY10 pUE dJnuew Jo
asnh ay) o1 a|qedidde suolqly
-04d pue SuoI12141S3J :SIUBINU
9Jnuew Jo asnaJ sy spJendajes

(CENbETq]

91e1IN pa||ed-0s)
(¥1T02/0STT) 84n3nd
-148e wouy suoIsSIW
ule1ad Jo adieyasip
JO UOI12141S34 By}

U0 93129( 1UBaWUId
-A0D :SjUBWNJISUL
Aio3e|ngau jesauaD

'S94Nn3eay |e12ads s,eale ue uo paseq AylIqixa|4 ou
$J9}J0 uolie|ndau |esauayn *,s10ds 10y, 01 21199ds
uone|ndas ul sywJiad Ag 2oueping jo |eluslod
*sjoedwil pasueyua yum sywaad Agq aoueping jusd
-ul43s 240w ujl 3nsas Aew sue|d Juswadeuew Jajem
J0 @2uepodwi Sulsealdul ay) :puey Jaylo ayi up
‘SjuaWNJISUl an1Ip|SIBa| Buinjona Aq

pa1binbaJl aq p|nod asn ainubw ‘i aroqy ‘ueld uon
-BAI}ND |enuue 3y} yum sdepuano ued uonedrdde
2Jnuew ay] ‘wJey }203159Al| e Aq pasned syoed

-wi 9Anedau Jay10 ay3 Suideuew uo sndoy ‘sunjd
uonpalddn ainubw ou ‘aininf 3y} Ul :asN3J dinuew
Suipsedaus pasapisuod aq pinoys syw.ad Agq aoue
-pIng Jo uonexe|ay "paljlie|d ag p|NOYS syuawnls
-uj Asoje|n3au jesauad yum diysuoiie|as pue sjod
3y :suOole||e1Sul 3}201SaAl| J0J a4npadotd Hwiad

'san
-lleddiunw 03 PaRIYs 9q pP|NOM 32ua3adwod pue
‘9inpad0ud uoj1edly3ou papualxs ue Aq pasejdau

‘pa1eI1d0SsIp aJe pue|
9|ge.e Jo diysiaumo pue uol}
-onpoJd ainuew usaym sutaduod
1wJiad ay3 1eyl (wuey 3201S9Al|)
Alun aanesado, ayy puoAsq
Suipuaixa aoueping 30aJ1pu|
‘uoljesijdde aunuew jo uol}
-e|n3aJ ay3 ul syuswnJaisul Adljod
Jay3o yum diysuoie|as pue

9104 s sI se ‘aeajpun si suejd uon
-edljdde aunuew ay3 jo 10edwl
Suipind ay3 :suolie|eisul }201s
-9AI| 40} S)wJad |eIUsWUOIIAU]

‘syued uissadoud pue sedoiq

40 s9ss2204d Jwuad swosiaquind
j2auadjiog "asn paiejndalun Ajsno
-1na.d Joy }2aud|130q e se Sulloe os|e
3Iym ‘syaxsew suado pue asn sa|qeud
uole|n8aJ 1us|qeus Ue Jo }I3uaj1loq

(suorpuod Hwuad 3|qIXa|4ul) spoylaw

asn Jayuny
40} syuawiaJinbau jo uonendau
(pajiersp Ajanire|au) :satisnpul
ASJi3us pue 153104 9Y3 WO}
sweaJls apls 4o Suljjpuuey)

uolsodwod JuslINu ainuew
J0J spuswiaJinbal | vg "aunuew
Jo uonedidde pue Juswadeuew
‘a8eJ03s ay3 Suluisdu0d suoie|
-n8aJ 1wuad ‘suagquinu 201SaA|
01 uoiiodoud ul aunuew 8ul
-peauds Joj ease p|aly Asessadau
9Y3 4o Judwauinbau :uonnjjod
Ja1em jo uonuanaud pue (ued

19V U01312330.d

9q 1UDIX3 1e343 B 03 P|NOM SUOIIB||BISUI YD031SAAI| Jojesado AJ9A0234 M3U JO UOIIINPOIIUL BY} uolnedljdde ainuew) syuainu |EIUSWUOIIAUT Y}
J04 sywaad yaiym Japun payjelp Sulaq si w0l Y 91 40} S350 ‘DAISUdLUI-INOgeT] $10NJ3500 $95BD WS U] ‘snondiquy | 24nuew jo asnaJ ayl spJendajes Japun wa3sAs 1wIad
[SREIIE] s9pphd

saAnoadsiad usawdojanaqg

3PIS {SSAUBNINDYYD 10} [B1IUSSS]

juaINU ay) Sundalip 1oy duedyusis

wisiueydaw Sunesado

juawnuasui Adijod

‘sjuawiniisul Asojejn8as ualin) i1 d|geL
Su1pA231 JudaInu uo syuswnuisul Adijod pasodouad pue Jua4ind A9y "€ XIANIddV




ipassaJppe aq p|noa syo|d

P|31} [ENPIAIPUL Ul SUOIIBIIEA MOY PUB YJOM P|NOD
SHWI| 495113434 |eJaudd YDIYM é9A1109449 apew

90 } UBD MOY :PaJ0|ie) pue JU3ZUIIIS J0W dpew
9q 1shw ywi| snioydsoyd ayi ‘@sed Aue uj *(9a429Q
91eJUN) 9sn snioydsoyd uo suoildllsal Joy aoe|d
1y 9y3 uoie|si3a| uoid10.4d |EIUSWUOIIAUS S|

"sJ2onpoud

pue s1onpoJd Jo 43351824 e (s1onpoid mau Jo asn
9y 01 pa3e|aJ SIWIE) JO) UOIIBWIOLU] PUB 3JIAPE
:papaau s| uawdo|aAap 19yJew Joj Joddng “sywi|
Aiolein3aus ayy mojaq SulAels ueyy Jayied ‘4asl|I1Id4
e se Ajijiqeyns ays st Juiod ay] ‘Ayjenb jonpoud uo
snooy ‘BuljoAdau soy s1984e1 aAeIUEND |BIBUSS ON
‘uepoduwi si suoneudisap Joy SuiAjdde uo

pue suoneudisap adA} uo uonendas uiuljweasls

‘[IN} Ul pasn uaaq dAeY uolle|
-n3ay 10npoud-Ag syl Jopun pariiwiad suondwaxa
|euoneN ‘padojanap Sulaq aJe uolre|nday 1onpoud
1194 Y1 YUM U01193UU0d Ul el1a114d 3onpoud
-Aq ‘8uiwody1io4 si uoize|N3ay sypnpoud 3ulsi|izia4
N3 Mau e ‘paljIIuapI U3Q aAey swa|qoud ay |

'sy1oed

-wl |edn3oeud ou ‘suswnaisul
opedey pa||e3-0s ‘y3iy aJe uolles
-1]13494 snaoydsoyd 4o} sywi| ay |

s1onpoud J3si|13494 o syod

-w| ay3 aseaJou| osje Aew 1nq
saiyunyioddo podxa apinoad ||im
19)Jew ueadound e Jo uoneau)

$PapIoAe g uoleAouU|
0} $3]|2€15q0 JO UOJ}1E3Id pue
sJ03elado jo jJuswiealy Jiejun
ued moy :uoleudisap adAy mau
e 4o} ujAjdde uaym Sunieys-3so)

sajuedwod ||ews Huqiyul
Aew 1nqg uoneaud 1ayJew yoddns
:SPJEPUB)S JO SUOD pue SOld

393uaj110q
e se ss900.4d aAlleJISIUIWPE JO AM|IqIX
-9J4u] "puaya4dwod 03 HNIIHIP SI ydIym
A111uB Xx9]dw0d pue d11ewW1sAsun

ue s| uolje|si8a| onpoud Jasi|ia 3yl

1onpoud ay3 jo A1ajes pue Sujuonouny
33 UO UOI1BWL.IOJUI BPN[2Ul ISNW UOI}
-eo|idde ay3 pue ‘uoneudisap adAy e uoy
3urAjdde si 1934ewW ay3 ojul syonpoud
40 sadA1 mau Su1ad Joy uonipuodaid
V :WJ0J JUB4IND S1I Ul }o3U3|130g ‘Sasn
3|geins 03 syonpoud ay3 ui3dauip osje
‘spJezey pue swJey Jo juswaseuew
91 puk asn pue 5199449 UOI1es||14d}
,S10npoud 3y} 4o} spuswaJinbaa sy}
$9q142sap walsAs uoneudisap adAy syl

uo
-13es1j19) snioydsoyd 4oy sywi]

SEN]]
-1349} 21UBSJO J9A0D 03 SPUIXD
uolle|nday s1onpoud 8uisijizied

N3 3y3 :sauawaJinbau Sunayuen

pasn
sal3luenb ay3y pue pasn aJe s
-SSewolq JualInu Aem ayy ‘syua
-143nu pajpAdal Ul S|elIRlEW MEl
paniwJiad Sujuladu0d SUOIIdIIIS
-9J pue sjuawaJinbal ‘s3n
-poud ay3 uo pade|d Ayajes pue
SS9UBAIII944D JO S1uswalinbay

uolneaJd 19yJew
pue uonesiyonpoud Jo siseq

9y1 se y4om syonpoud 3ulsi|iay
J1uedso jo suoneudisap adAy ay

uone|nday sypnpoud
-Ag lewiuy ay1

payelp

8ulaq si uonen3day
s10npo.d 8uisi|iiie4 N3
9y1 01 JUBWIpUIWE Uy

(zt/T1

99.29p 24N} Nd13Y Jo
Aaasiuly) |043u0D JIvY L
pue sjonpo.ld JsslijilieL
3ulu1a2uU0) SANIAIDY
uo 99439 9y3 se

[19m se (TT/tz @2409p
24N} 218y jo Any
-SIUIIA) S39NpoUd J8sl|
-1194 U0 93429Q 3y
(9002/6€S) s1onpoud
4351|1194 U0 VY 3y L
:uole|s133| 49sI|13494

sanndadsiad yuawdojanag

SEENE)
9pIS {SSAUBNINDYYD 10} [B1IUSSST

s9phd
juaLIINU 3yl SuidaaIp 4oy duedyiusis

wsiueydaw Sunesado

juawnusui Adljod




'synpoud
J9} PIseg-a4nuUeW pue aunuew YUm pasi|iay) eale
92eyuns pjal4 4o uoniodoud sy Suiseasdul aq pjnoys 1984e1 ay |

*J9YMNJ PRINPaJ S| WIYIS Y3 01 JUsW
-HWWOJ 3Jaym uolienyis e ajedidijue pue saunseaw Mau Joj
spuny dn 934y pjnom :(s10]d p|al} 4O Sn1e1s d 9yl SSappe pjnom
1ey3 spuawinJisul Aiolejndau [esauad Aq paoe|dau) patapisuod
9q p|noys swuatinu Suipaedals souepingd pajieisp Suiddouq
[opow Suneiado ayr sunepdn (¢

‘paJundul 51502 3y}
40 1ed s1an02 Ajuo Aunis Suipeauds Joj Joddns sy “9AISN|IXD
Ajleninw 3¢ 10u p|noys Ja1ew djuedio pue spualINu SulpAdal
pue pjay 8y ul Auunys uiAjddy "asn aunuew uo syiwi| Juadulils

2J0W YuM puodsa.iod 03 syjunowe JuswAed sy Suiseasou|

éModdns

331 Jo 3d02s 3y} UIYUM 3¢ P|NOM SISSBWIOIG YIIYAN ¢SIUaLINU
pa|2A22.4 J0j 193dewW BullSIXd 3yl MOISIP } pINoAA “(polsad
JudwAed JusWUOIIAUD 3.1} Y3 Ul pasnh) uodsued) Joj 1oddng

‘(uonuajaJ usINu

‘uolles1sanbas uoqued) sadIAI9S WalsAs0da Joy Sulhed ‘seale
3SI SUIpeO| JO UOIIBDIHIIUBPI JUBIDIYD ‘SISA[eUE |I0S papud}

-X9 ue uo paseq awwesdoid Sujuonipuodal pjaly e pue ue|d
uonesl|114a4 (SurpAdau) aiydads 10id pialy ‘uoles1sanbas uogied
pue (%t 1e 198.e1) Jo13eW d1UeSI0 SuISeaudul 0} UOIURNY
Soseydws pue sainseaw MaN (T

unJ 8uo| ay3 Ul |10S Ul UOIIB|NWINIJE ¢ 9INpPal
]13S pue SjUBWISaAUI 910Wo.d P|NOD |9A3)

d uienad e unywuad shem|y 9|qisea) aq
Y3Siw Aeme uoiyoedy Yo snioydsoyd pijos ayi
Suiuodsuedy pue pjaly ay3 0UO UoIeIS Ydu
-uadounu ‘pinbi| ay3 Suipeauds ‘@unuew ayl
Suneuedas ‘peauds aq p|nod Ayuenb jjews e §|
"aWIBYIS 9Y1 WOJJ SWJ.) SWOS PapN|Ixa aney
Aew |9A9] d1S Y381y e yum spjaly uo peauds

99 ued snuoydsoyd ou 1eyy 10e) 8y ¢paiasnl
ueq |e30} e S| {u01199104d |EIJUSWIUOIIAUD

ul 9jo4 e Aejd snioydsoyd ysiy e yum sp|aiy
uo ways Suipeauds saop :suoldely 141U
snioydsoyd-moj ‘pa3esiuaduod Ajjeidads]

'syonpoud jualinu pliw jo SulpAdaa ayy suod
-dns wa1sAs ay3 ‘213142 03 BuIpJoddY ¢SIuBW
-1S9AUI pue uolleAouul 98e4nodua 1l sa0(Q

'suoissnasip ui dn

W02 aAeY aseq aZpajmoud| 3y Jo AljiqipaJd
pue uoisiaiadns anisuadxa ‘puoddns sawod

-ul JO 9|04 ‘“Adua|d1y4aUl :BJOYM B SEe dWBYIS
9Y1 1e P3||9A3| U33( Sey WSIdNIID "SWioy
110ddns JO SSaUBAID449-1S02 Syl UO Blep ON

yiomuaded pue Adesoneaunq jo 10|
P3|pUIMp OS|e 3ABY SWaY2S 3Y] 1o}

d|ge|ieA. SpUNy dY3 ‘BWSYIS [EIUSWUOIIAUD
-118e 03 JUBWIHIWWOD Jo 33kl SululPaq

awayas

JuswAed |ejuswuoliAua-113e
9y3 ul paies3aul Jou st Sulp
-Ada4 ualinu jo 1984e1 8y

3uip

-A23u 3uaLiINU Ul XPBUBI0
e 3ulaq J0j pawe|q usaq
0s|e 9AeY S}IWI| UOIES!|11194

19101118
9Je 3SN UOI1esI|149) J0) BLISIID
3Y3 ‘puey Jayro ayl uo ‘aJoj
-9Q UBYl ainuew asn 01 aAll
-UadUul SS9 SI 49y} ‘swweld
-04d ua.nd 8yl Japun

(+1e2A /U)W SZZ ¥N3)

sJeaA £/uol||iq 9'T ¥N3 dwn|oA
‘ouedIudis sy donpad sazIs
wey Suimous ‘puey Jayio

9y} uo ‘pue s|and| JuswAed
JaMo| Inq ‘9]9Ad JuaINu

ay1 Suiping ul ajoJ JuedlusIs v

uo1es||13424 DAIS
-S90X3 Juanald 03 1 dwayie ue
Juasaidad suwi| uonesi|iueS (q

{19s1]1349} Se aunuew 3uisn
10} 9AI}USIUI J]LIOU0ID UY (B

awayos
|ejuswuoliAua-1Se N3

sanndadsiad yuawdojanag

$1994J2 PIS ‘SSAUININIDYD 10} |1}UISST

9pAd uannu
ay3 Sunoauaip 1o} dduedyusis

wsjueyoaw Sunesado

juawnuisul Adijod

‘SjuswinJlsul J1WOUO0J9 1ualdin) "¢ 9|qel




*100d s| dn-moj|0} 193[0ud

‘uo Asuow puads pjnoys am jeym pue aJe
9M 2J9YyM dA19249d 01 apew aJe SJoe (Mou “a°1) Ja3e| Ajlup
‘AAnoe |essuad uo uads aae Asyy 1eyy sieadde 31 ‘BuijpAdau

jualInu SuidojaAap 404 papuUIUL D4 SPUNy 3yl 3|IYAA ‘'Shonuly
-uoasip pue s3a9fo.d |enpiAlpul uo paseq si Adljod uolreaouu]

£Pasn pue pa30d||0d 3¢ SpuBWILIRAXS YSnoiyy
pauJes| SUOSS3| 8y} Ued MOH ¢ 31| wsiueydaw Suipuny
1591/3uBWIIadXa PoOS € S JeYA\ ‘PAPIIU BJe SUOIIeNn|eAd

(6 ‘¥TOT ‘USUOMIIN)
QuoA1ana 01 911 e ulnig Jo 9|didulid ay3 Suimo||os ueyy
Jayies ‘Alaes|d auow paiadiel g p|noys saunseaw poddng,,

SUOIIN|OS pUE SaJNSeaW Jo A}
-o4daJ pue Ajjigeln ‘s3oafoud jo Ayjenb ySiH

£8uIpuny JO SSAUBAIIDRYD-1S0D

aJniny 3y ui ssau

JOJ pue 403295 dY3 JO JusW
-dojanap ay3 4o} uonipuodaud
juenodwi ue aJe suolleAouu|

0€ ¥YN3 wsy
JUSWIUISAO0S 3413Ud 3y} JOy
{(Buipuny aeusedas pue 1d9foud
A3 JuUsWIUIBA0Y ‘Duiwesd
-04d 1Yey) 9TOZ Ul uol|jlw 6°9
¥N3 xosdde Suipuny 103(oud

s1d22u02 ssau

-Isnq pue sai3ojouyaal Sulp
-A23. juaiinu jo Sunsay pue
juawdojaAsp ay3 Joj poddng

(s3y3L

109(0ud Ay usw
-uJanoo ‘awwesgoid
ey Suipnpoul 4oddns
@'8Yy 11X21U02 SIy3 ul)
:Ad1j0d uoneaouu|

1usawdolansp waisAs Loddns & Sunadiel Jisyy
pue swuoj 1oddns Jo s1oedwi 3y JO Sa1PNIS JO suollen|ead

éuonexel ul 9|q13onpap ajgnop
90 sjuawisaAul SuljpAdad Juanu pinoys :Joddns jo Sunadie]

CIVEVR

|eauswuoJiAua-143e ay3 ul uonedidiled 01 payull 29 ysiw
swJoj Joddns Juawisanul a4niny eyl 1y3noys Asy] "ased uj
1sn[ 0s pip STOZ ul Joddns ay3 Jo 9doas ay3 UIyHM paulewl
1ey3 (Auynod pue s8id) swiey 320159A1 98.1e| 9Y3 JO SWOS 1ey)
pa10u 9 p|Noys 1| ¢493uU0J3s 3q yul| Y3 p|nNo) suoiedijqo
PUB SUOIID1J1S3J UIPN|IUI ‘SIAIIUSIUI JUSIISIAUL JOYIO0 03 SHUIT

uononpoud Jo saul| ulepad
UO SNJ0} SJUBWIISIAUI “Sulliey 3001SAAI] U]

iswuey
uo swuoj Joddns Jo asn pue uolley|ded

¢ouedludis 419y} pue suoipuod oddng

¢ysnoua ydiy Asya
aJe :(suolnjos uonesedas ‘3-9) s|ans| oddng

"Aj3y8ijs aseaud

-9p ||IM SWN|OA 3Y1 1O ‘|9N9)
1U44NJ 3Y3 18 SWN|OA Uol}
-onpoud ayy dasy 01 ydnous
S| 91eJ JUBWIISIAUI JUBLIND BY |

SJUBWIISAA
-u1l 3uiwey ||e Joj seah/ uoj|
-|lw 08 YN3 xoidde swn|op

a3e
-103s @30wal ‘89 quepiodw

‘eaJe

198481 943 Ul Joy3iy %0T
"xoudde s| aunuew jo asn
pue 98eJ03s ay3 ul suswW
-1S9AUI JO 93eJ Joddng

JUSWUOIIAUD 3y} JO
sniels ay3 anosdwi pue
s3uines A31aua ajow

-ou4d 1eyy sanbiuyda] -

pie dn-pejs ssauisng -

sdnoug uoneaouu| -
‘sureys uonnquasip

pue uoidnpoud ssewolg -
{(A9y) syuawisan

-ul wuey Joy uoddng -

Bw

-weJsdoud uswdopAs(q einy

1oddns Jusawisanu|




‘uone|si3s| Jo Aljigerdepe ayi suoddng

$51500 dAIIRAISIUIWPY

'syndul uoilea

-0ouul Ul papNaul Ysi4 Y3 Sa2npadJ pue uoiesionpouad syoddng

a|qissod aq sssaypanau

p|noys 8u13sa1 s) ‘uoieAouUUl |NyASN
€ O UOI1dNPOJIUI BY] Ul 323Ud|10q
€ sl uone|Ngal N3 18yl N0 suIn1 3 4|

n3syi
Yim ,Ssjuswaasde uojreaouul,
pue sjuaWIIadXa JO UOIIOWOId

SENIMETE]
-uedJou| |BUOIZUSAUOD 4O} PUBLUSP Y3 3INP3AJ [|IM |NJSS3IINS §|
193Jew Mau e sa1eald/1ayJew ayl spuedx]

¢0S 0P 31 P|NOJ SWJ3} IBYM U0
pue ‘aA1303[qo siy3 a3owoud 3} ||IM :suoidaJ Jud
-J944Ip UBIMIDQ SWeaJls Jualinu ino Supuejeg

puejul4 woJy Ajuo 10U ‘spueluaylaN ays

woJy sawod osje ‘9|dwexs 4o} ‘@inuew Aiynod
é(pawuod

-WI1) WOJJ dWO0I Suol1del) d1uedio ayl pjnom
2J9YM ¢ 01 9|qedlidde aq 3l ||IM SaXIW YdIYM
A1ajes 1onpoud ‘sanjiqissod |eajuyda |

synpoJd J43s1|13434

J1uedJo Jo Ajljige|ieAe 8yl 94nsua 0} 4O
SJ4951|1149} |eJaUIW Ul ssewolq dluedio
Xiw 0} pasodwi 9q ||Im uonesqo uy

2Inqu3sIp/xiw 03 uonesiiqo

SJ9SI[1349} 21
-ue8Jou] |BUOIIUDAUOD JO) PUBLIBP BY3 3INP3J [|IM ‘|NJSSI0NS |

A1a)es 1onpoud pue snu
-oydsoyd jo Aujigejieae ayy Suinosdw)

(Ao

U0y nsuoy-AysiA] ‘Ayissaniun
o}jey/@8emas ul snioydsoyd
40 3uipAdas pue Asanoday) Aem
J3apun S| S911IAIR0E Yd4easal pue
JUBWISSASSe ‘S|sAjeue Juawuld
-A09 3Y3 Jo 109[0ud S1esedas e
‘snJ

-oydsoyd 4an023. 03 uoiesdiqo

¢9214d 10npoud pus uo spedw|

S1951[13434 I
-uegJou] [BUOIJUSAUOD JOJ PUBLIDP Y1 9INPAJ [|IM ‘|NISSAIINS §|

‘Pa||14In4 9 Isnw uolie|sis| 1npoud
4951|1343} 9Y3 Jopun syuswadinbau {sanied
9Y1 JO U0 40} 3|qISed} Aj|ealwou0da aq ISNA
ésypnpoud

e3Je 9y} Ul dJnuew peauds 01 yarym
ul Sp|al} 3|qeJe Jo 98e10ys e si 343yl
1 (eaJe ayy wouy Aeme 31 podsuesy

si1ojoeJ) | ssaooud Jo asn ¢3ulssatold jo spaepuels [ed130| pue) ainuew ssao0.4d 03 uonesdiqo ue
-u02 pue Juawdinba J0oj PUBWIIP ‘SI01DE J0J SISO JUBWISIAU| | -0uydd] ¢Swuo) Joddns Suinesuadwod 031 SHUIT | UIBIUOD PINOJ HWJad JUSWUOJIAUS 3y | uonesijgo Suissadoid palasdie|
spedw| SS9UDAIIAYD pue Alljiqisedy 10y [e13uass] wsiueydaw Sunesado jusawnusui Adgjod

‘sguiuado mau pasodoud "€ d|qel




Wa3sAs UOI1e1IPBIIJ. UE JO S1S0D

RUETTY
-dojansp 9ouaradwod poddns 01 sswwesdoud
Sutuiesy Suinuinuod pue 3ululed] “3no puels
sJ030e jualadwod djay pnod waisAs Ayjenb

V "papaau snyj aJe s3daduod 3dIAIBS pue ‘,sid
-S1]13424 21UBSJO YUM Jej|ILWE) 10U DJB SIdWIe,

‘papaau
3q ||IM JUSW}WWOD pue UoIeWIoul dJ0W
9y} ‘SaW023(q 19¥Jew 3y} Xxa|dwod aiow 3y

ureyd
an|eA snuoydsoyd ay3 SuluJaduod

*8'9 ‘sBupjelspun uowwod 233 Salu
-edwod ‘,suonesiuedio sadnpoud (A
-1214199]9 ‘sedolq ‘s}n1spooy) syonpoud
pu® ay3 404 (,9SIM-924n0s3l,) |9qe| ¥

$1019e43U09 ‘s3180|0UYI3] ‘SUOIIDRY
JUBIIINU JO} UOIIBIPDIIIR/SDIBIIIIID)

s3upjeyapun
‘uoiie|ndau-4as ‘swaisAs Ayjenp

uapJinq Aiolein3ay

paidde si sadpn|s
28emas 0} paje|aJ pJepuels e ‘USPams U]

saoioead
Sulnloenuew Jiay3 pue synpotd pul

spJepueis

‘BaJE 91 Ul 9|gB|IBAR DB SIDSI[134}

pajdAda. o1uedio jou Jo Jayeym uo Suipuadap yojewsiw
‘S1351|13494 pa|2A234 JO JUU0D d pue N 3y3 Suixel ‘syonpoud
panodwi 3uixel :swajqosd yum 1y3nedy si xey 4asi|11434 8y

‘(uone|nday 1npoud 3ulsi|inied)

paiind aq 01 spasu snioydsoyd ay3 Jou 4o Jayiaym ‘snioyd
-soyd |esauiw jo 921d ay3 dn ysnd Aew Si3s1|13434 d JO SHWI|
wnjwped 3y} ‘uoidnpoud pue uoizerodwi umo Jo sysid Axajes

S1S02 |e1ald0S
uon

-onpoud 213saWop JO ssaUaAIIIRdWOod aY) dulwiapun pue aoud
10npoJd pua ay3 aseaJoul [|im sindu uoronpoud jo 2oud syl

MOy pue Jeym

:§1s00 wc_m_.h 2yl 1o} 9jesuadwod eyl sainsean

(uonesijiuay usadounu) 1oedwi ue aney
03 Y31y Ajgesapisuod aq pjnoys aied xel ay|

épaxel aq p|noys
—30q 40 — snsoydsoyd 4o usdoiN

3|gejleAe 3q ISNW SJasI|1343) pajoAdIRY

$1351]1349} pa]2Ada. 03 pasedwod
SJ3SI|1349} |BJBUIW JO SSAUAAINIDAWO0D
9214d Y3 @oNnpaJ 01 Xe} S|eldlew v\

(AO eAnoA ‘@3nuasu| JusWUOL
-IAUJ ySiuul4 ‘pueuld JO aJlud)
yoJeasay |eaiuyda] | IN/Aw
-0U023 Je|NJJID 3y} JO} SIUdW
-nJisul Adrjod ajwiou0s3) Aem
Japun S| Sa11IAII0e YdJ4easal pue
1UDWISSISSe ‘SIsAjeue JuawiuId
-AO9 9Y3 Jo 109[04d 1esedas e
‘Xey 4351|1349




luke.f

Natural Resources Institute Finland
Latokartanonkaari 9

FI-00790 Helsinki, Finland

tel. +358 29 532 6000



