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1 Introduction
The Sustainable Biogas project is a 2.5-year project funded by the EU Interreg Central
Baltic program. The John Nurminen foundation is the lead partner of the project imple-
mented trough Finnish-Latvian cooperation. The goal of the Sustainable Biogas project
is to promote sustainability of biogas from water protection perspective and to reduce
nutrient leakage throughout its whole lifecycle. One of the project deliverables will be
nutrient maps for southwestern Finland, Åland and the Zemgale region in Latvia. These
maps can be used to identify nutrient surplus areas from which nutrients should be
transferred to nutrient deficit areas. Nutrient maps enable detailed examination of both
nitrogen and phosphorus production in the target area and give an overall picture of
the nutrient rich biomasses formed in the area.
During this assignment, nutrient maps for all 16 municipalities in the Åland Islands were
produced. These maps provide information on nutrient balances and support local au-
thorities in the regional nutrient management. The aim was to illustrate on maps:
1. The annual amount of nutrients, both phosphorus and nitrogen, in organic matter

produced in the area
2. The annual potential for field application of the nutrients in the Åland Islands
3. Nutrient deficit and surplus areas.

The mapping was done in GIS data format and the information on the maps is pre-
sented on a 5 x 5 km grid. Produced maps present annual production of phosphorus
and nitrogen in biomasses, namely manure of production animals, wastewater sludges
from municipal wastewater treatment plants, municipal biowaste, organic industrial by-
products and wastes and agricultural by-products (e.g., hay from protection zones,
etc.).
Similar maps have already been prepared for the Southwestern Finland. Same calcu-
lation methods and assumptions according to the available data was used during this
assignment. Hence, these maps are comparable with each other.
The nutrient maps for Åland Islands were carried out by M.Sc. Petrina Köngäs, M.Sc.
Jari Ruohonen and PhD. Anne Liljendahl from Vahanen Environment Oy on an assign-
ment by The John Nurminen Foundation. Maija Salmiovirta, Marjukka Porvari and
Henri Nikkonen from The John Nurminen Foundation, Mia Westman and Leila
Lindström from Ålands Landskapsregering and Sanna Tikander from Centre for Eco-
nomic Development, Transportation and the Environment of Southwest Finland partic-
ipated in directing the work.

2 Research area
The research area covers all 16 municipalities of the Åland Islands (Fig 1). The area is
divided into 300 squares (5x5 km) which covers a total of 7 500 km2. However, 134
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squares are in areas where no nutrients are produced or where nutrients cannot be
applied to the fields.

Figure 1. Location of the research area (Åland) and coverage of the 5x5 km grid.
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There are approximately 30 000 residents in the Åland Islands (Ålands statistik- och
utredningsbyrå (ÅSUB)). The population is mainly concentrated in the Mariehamn mu-
nicipality which consist 39 % of all residents.
Most of the land area in the Åland Islands is forest (81.5 %). Agricultural areas cover
14 % and artificial surfaces 2.1 % of the land areas.

3 Nutrients produced in the research area

3.1 Manure from farm animals
There are a total of 62 699 farm animals in the Åland Islands, of which 123 individuals
are equidae, 12 279 bovine animals, 38 823 poultry animals, 11 078 sheep, 162 goats,
and 234 individuals are pigs. The numbers of animals and locations of animal farms
were provided by Finnish Food Authority. The data did not include information of the
age distribution or the type of the production animal (for example is the animal meant
for meat production, milk production etc.). Additionally, the data did not define species
distribution of poultry.
The amount of manure produced by farm animals and the amount of nutrients in the
manure was estimated according to a guide by Finnish Ministry of Environment (Ko-
tieläintalouden ympäristönsuojeluohje 2010). For equidae coefficients for horses >2-
year-old (65 kg N/year and 12 kg P/year) and for pigs coefficients for slaughter pigs
(12.7 kg N/year and 2.6 kg P/year) were used presuming the percentage of these ani-
mals is highest in these species. Coefficient of sheep’s nutrient production (17 kg
N/year and 3.5 kg P/year) was used for both sheep and goats. For the bovine animals
weighted mean by the type of the livestock (58,83668 nitrogen/year and 9,899616 kg
phosphorus/year) were used. The type of livestock was estimated according to the
agricultural statistics of the Natural Resources Institute Finland1. For poultry a coeffi-
cient for layer hen (0.61 kg N/year and 0.16 kg P/year) was used since in the Åland
Islands poultry mainly consist on layering hens (Natural Resources Institute Finland).
This calculation method includes uncertainties regarding the total amount of nutrient
production in the area since generalizations for most of the animal types, age, and
species distribution had to be made. Furthermore, the coefficients for nutrient produc-
tion in the source material (Kotieläintalouden ympäristönsuojeluohje 2010) are old and
the coefficients will be updated soon.
Farm animals in the Åland Islands produce 1 254 tons of nitrogen and 169 tons of
phosphorus annually in their manure.

1

https://statdb.luke.fi/PXWeb/pxweb/fi/LUKE/LUKE__02%20Maatalous__04%20Tuotanto__12%20Kotielainte
n%20lukumaara/01_Kotielainten_lukumaara_kevaalla_ELY.px/

https://statdb.luke.fi/PXWeb/pxweb/fi/LUKE/LUKE__02%20Maatalous__04%20Tuotanto__12%20Kotielainten%20lukumaara/01_Kotielainten_lukumaara_kevaalla_ELY.px/
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3.2 Wastewater sludges from municipal wastewater plants
Wastewater sludge is produced on all working wastewater treatment plants. In the
Åland Islands there are 12 municipal wastewater treatment plants of which only Föglö
and Kökar have their own separate sludge treatment. Other plants transport their
sludge to Lotsbroverket treatment plant in Mariehamn. It should be noted that all nutri-
ent content of the sludge, except the sludge from Föglö and Kökar, is presented on the
maps as it was produced in Lotsbroverket. The amounts of sludge produced in the
wastewater treatment plants, the nutrient content of these sludges, and the locations
of the treatment plants were provided by Ålands Miljö- och Hälsoskyddmyndighet
(ÅMHM).
Almost 60 % of residents in Åland live in houses that are connected to municipal
wastewater treatment plants. Most of the waste waters from sparsely populated areas
is taken into the nearest treatment plant. Locally treated sludges were not taken into
account since there is no accurate information how many households treats them in-
dependently.
Wastewater sludges contain 22 tons of phosphorus and 33.5 tons of nitrogen annually.

3.3 By-product biowaste from food industry
The organic by-products and wastes of food Industry contain for example slaughter
waste, entrails from fish, and leftover vegetable parts. In the Åland Islands biowaste
from total of 11 factories were considered. Ålands Miljö- och Hälsoskyddmyndighet
provided information about the amounts of organic waste from Orkla, Dahlmans slak-
teri, ÅCA, City of Mariehamn, Storgårds/Löfman, Filsö Fisk, Nordic Trout Ab,
Storfjärdens Fisk Ab, Fifax and Brändö Lax Ab. The organic waste data based on the
volumes received by the municipal compost facilities. In respect of fish farming waste,
the data relied on companies own annual reports. The nutrient contents of these
wastes were estimated by the John Nurminen Foundation. It should be noted that the
waste data obtained for this report is likely not reflecting fully the real situation. For
example, the amount of waste processed in the biogas facilities (Orkla and ÅCA) re-
mained unknown.
Food industry in the Åland Islands annually produces 16.5 tons of phosphorus and 87
tons of nitrogen.

3.4 Municipal biowaste
The amount of nutrients in the municipal biowaste was calculated per 5 x 5 km square
by multiplying the amount of population in each square by the calculated amount of
biowaste produced by one resident. The relative number of residents in one square
was estimated by dividing the population in the municipality located in the central point
of the square with the land area of the municipality in question and then calculating the
total number of residents inside the 25 km2 square. The grid squares located in areas
where no residential households were assumed to exist (e.g., water areas, uninhabited
islands), were excluded from the calculations.
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It’s estimated that one person in a household produces about 83 kg of biowaste per
year (Rasi et al. 2012, Roström & Uggeldahl 2003). Hence the households in the Åland
Islands annually produce 2 500 tons of biowaste annually. Household biowaste con-
tains approximately 0.4 % phosphorus and 2.0 % nitrogen of the total solid material,
which in turn forms about 27 % of the total mass (Rasi et al. 2012). Accordingly, mu-
nicipal biowaste produced annually in the Åland Islands contains 2.7 tons of phospho-
rus and 13.5 tons of nitrogen.
In addition to the above, biowaste is produced in public facilities and private services
such as restaurants, hotels, and schools, which were not considered in these calcula-
tions. The amount of produced biowaste in public facilities is dependent on the number
of people working or transacting in the premises. The amount of waste generated by
the private facilities corresponds to the number of employees (Rasi et al. 2012). Infor-
mation about the amount or locations of all public and private establishments in the
Åland Islands or data on the number of employees or customers were not available.

3.5 Agricultural by-products
Agriculture generates by-products (vegetable waste) such as straws from cereals and
oleaginous plants, plant tops from sugar beets, biowaste from potatoes and other veg-
etables as well as from greenhouse cultivation. Additionally, nature management fields
and protection zones, which are uncultivated areas between fields and water bodies
that grow perennial vegetation require annual mowing and therefore produce organic
waste.
The amount of plant waste and nutrient content was estimated according to the plant
species and field area and with the coefficients given in a publication by Rasi et al.
(2012). Agricultural field areas and information about the cultivated vegetation were
provided by the Finnish Food Authority.
In the Åland Islands there are approximately 20 580 hectares of agricultural land which
produce 44 131 tons of biowaste annually. This biomass contains 172 tons of nitrogen
and 32.3 tons of phosphorus.
Protection zones covers only 0.06 % and nature management fields 26 % of all culti-
vated areas in the Åland Islands. Together they annually produce 36.4 tons of biowaste
that contains 0.15 tons of nitrogen and 0.03 tons phosphorus. These amounts are in-
cluded in the total nutrient production values of agricultural by-products presented
above.
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Table 1. Annual nutrient production (tons/a) in the Åland Islands.

Source N tons/a P tons/a

Manure from farm animals 948 169

Municipal wastewater sludges 33.5 22

By-product biowaste from food industry 87 16.5

Municipal biowaste 13.5 2.7

Agricultural by-products 172 32.3

Total 1 254 242.5

4 Annual nutrient demand and application potential
Annual phosphorus demand was determined in two different methods: 1) by estimating
demand by crops using the model by MTT (Ylivainio et al. 2014) and 2) by estimating
annual phosphorus application potential in the area using the maximum nutrient fertili-
zation per plant and soil fertility category in the CAP/agri-environmental compensation
scheme. Annual nitrogen application potential was estimated in the same way using
the maximum fertilization in the CAP/agri-environmental compensation scheme.
The Finnish Food Authority provided the information on crop cultivated in the Åland
Islands. 37.5 % of all cultivated areas, such as protection zones, nature management
fields and fallow land areas, are not used for fertilization.

4.1 Phosphorus demand by crops
The agricultural areas in Åland Islands were divided into three classes according to the
cultivated plant using the same method as the nutrient maps for Southwest Finland. 1)
Appliable amount of phosphorus fertilization for hay, cereal and grass was determined
by using the coefficient for Åland by the model of MTT (Ylivainio et al. 2014) (4,4 kg
P/ha/a). Approximately 55 % of all cultivated areas were classified into this category.
2) In addition, other plants such as potatoes, oleaginous plants, and pulse are culti-
vated in the area. Phosphorus demand for these plants was estimated using coefficient
presented in the TEHO Plus -project (Hannukkala et al. 2014). Optimal crop response
for potatoes, carrots, and sugar beet is reached when applying 20 kg P/ha/a. 3) For
protection zones, nature management fields, and fallow land areas phosphorus fertili-
zation was assumed not to be applied.
According to the calculation method based on the phosphorus demand by crops, total
of 81.8 tons of phosphorus per year can be applied to the fields of Åland Islands.
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4.2 Phosphorus application potential
The phosphorus application potential was estimated by using the maximum amount of
phosphorus fertilization allowed per plant and soil fertility category in CAP/agri-
environmental compensation scheme. The laboratory of Ålands Miljö- och
Hälsoskyddsmyndighet (ÅMHM Laboratoriet) provided the information on soil fertility
in Åland region. More detailed information on municipality level was not available. Ma-
nure exemption was not used for maximum fertilization levels since there is no estima-
tion on how much manure is used for fertilization in the Åland Islands. CAP/agri-
environmental compensation scheme allows higher phosphorus fertilization for both
cereal-, oleaginous plants, and pulse and annual and perennial feed grass in certain
soil fertility classes if fertilized with manure alone. Therefore, if manure is used the
phosphorus application potential might be locally higher. For protection zones, nature
management fields, and fallow land areas phosphorus fertilization was assumed not to
be applied.
According to the calculation method based on the phosphorus application potential,
total of 100.8 tons of phosphorus can be applied on the fields of Åland annually.

4.3 Nitrogen application potential
The nitrogen application potential was also estimated by using the maximum amount
of fertilization under CAP/agri-environmental compensation scheme per plant and soil
organic content category. ÅMHM Laboratoriet provided the information on the soil or-
ganic content (soiling) in Åland region. More detailed information on municipality level
was not available. For protection zones, nature management fields, and fallow land
areas nitrogen fertilization was assumed not to be applied.
According to the nitrogen application potential, a total of 1 356 tons of nitrogen can be
applied to the fields of Åland annually.

5 Conclusions
A total of 242,5 tons of phosphorus and 1 254 tons of nitrogen are produced in the
Åland Islands annually. The most significant source of nutrients is the manure from
farm animals. Manure contains 69.7 % of all produced phosphorus and 75.6 % of ni-
trogen. Agricultural by-products produce 13.3 %, municipal wastewater sludges 9.1 %,
biowaste from food industry 6.8 % and municipal biowaste 1.1 % of all phosphorus
generated in the area. Accordingly agricultural by-products produce 13.7 %, by-product
biowaste from food industry 6.9 %, municipal wastewater sludges 2.7 % and municipal
biowaste 1.1 % of all nitrogen generated in the Åland Islands.
Based on the phosphorus demand by crops, there is an annual overproduction of 160,8
tons of phosphorus in Åland. Within 123 grid squares used in the calculation, the phos-
phorus production exceeds the plants’ need for fertilization inside the square.
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According to the phosphorus application potential based on the maximum allowed
phosphorus fertilization limits in the CAP/agri-environmental compensation scheme,
there is an annual overproduction of 141,8 tons. Within 119 grid squares more phos-
phorus is produced than it is allowed to apply in the fields inside the square.
Despite the calculation method used to estimate phosphorus demand and application
potential, the largest surplus areas are located near Mariehamn and Saltvik. The larg-
est deficit areas are on the other hand in areas where most of the crop fields are lo-
cated.
In the Åland Islands, there is an annual nitrogen deficiency. Under the CAP/agri-
environmental compensation scheme, 101 tons more nitrogen could be applied to the
crop fields than is produced in the Åland Islands. However, the nitrogen production is
not evenly distributed. Within 89 grid squares used in the calculations, the nitrogen
production exceeds the need of fertilization.
To conclude, the nutrient content in organic waste in the Åland Islands is approximately
2.5-3 times greater for phosphorus than is applicable to the crop fields. On the other
hand, the nitrogen production in the area is not sufficient to cover the plant needs and
101 tons more nitrogen could be applied to the crop fields than is produced.
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APPENDIX 1
Nutrient maps
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