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Agriculture 

Input flow of N to Agriculture pool involve import of mineral fertilizers, forage crops and natural gas, air 
deposition to agricultural land, biological fixation of nitrogen by leguminous plants, compost coming from 
the waste pool and animal fodder and seeds from the food&feed industry (Figure 1).  N flow out from the 
agriculture pool is to the food&feed industry and human settlements pool as agricultural products, to 
energy pool as biomass for biogas production, to industry pool by industrial crops, to waste pool by 
organic waste and N losses due to air emissions and diffuse runoff of N from agricultural land area.  

 

 

Figure 1. N flows to and from agriculture pool.  

 

 

 

 



Inputs 

Input of N by import include fetilizers, forage crops and natural gas. Input of N by imported and 
consumed fertilizers in 2014 was 35806 tons and import of forage crops 77554 tons (1318 tons of N) 
(Statistics Estonia. Consumption in 2014). N content in fodder crops used for calculations: 1.7% (EPNB, 
2016). Use of natural gas 7.9 mln/m3. N content: 0.95%: 94 tons. Total import: 35806+1318+94=37218 
tons of N. 

Atmospheric deposition to agricultural land area (1172400 ha) contributed 5011 tons of N considering  
the mean area-specific deposition of 4.3 kgN/ha/a (Ulm, 2018). 

Biological fixation of nitrogen by leguminous plants as lucerne, red clower, fodder galega and pea 
contributed 4874 tons of N. Biological fixation in arable land with 100 % of fodder galega is estimated to 
be 180 kg/ha/yr (Põllumajandusuuringute Keskus, 2008). Mean fixation of N by crops in agricultural land 
is considerably lower considering the variety of agricultural crops. Mean fixation of N in agricultural land 
used for calculations is 5 kg/N/ha/yr, considering the used agricultural land area in Estonia that is 974 800 
ha and the share of leguminous crops in land use.   

Input of N from the solid waste pool is compost from organic waste, manure and sewage sludge. The 
total amount of compost fresh matter that entered the agriculture pool was 52022 tons of compost from 
organic waste and 53 038 tons from manure. Average dry matter content of compost from organic waste 
is 52% and for compost from manure 44% (Kriipsalu et al., 2015). Mean content of N in compost from 
organic waste and manure is 1.33% and 1.4%, respectively. Thus, input of N by compost is 52022 * 
0,52*0.0133 = 360 tons of N by compost from biowaste and 53038 * 0.44*0.014 = 327 tons of N by 
compost from manure. Additionally sewage sludge compost contribute about 740 tons of N. The amount 
of sewage sludge compost to agriculture pool is calculated by applying input/output mass balance method 
for sludge and the mean N content is sewage sludge (1.9%) and  average percentage of dry matter that is 
47% (Kriipsalu et al., 2015). Total flow by compost: 360+327+740= 1427 tons of N. 

Input of N from Food&feed industry pool is calculated by applying mass balance method. Total N in 
produced crops (79346 tons of N) - N in potato (410 tons of N) and  50% of vegetables fruits (96 tons of 
N) that is a direct input to human settlements pool -  N in forage crops circulating from crop production 
sub-pool to animal husbandry sub-pool (37400 tons) = 41498 tons of N that is an input to food/feed 
industry pool. The difference between the total N in produced crops (79346) and N flow to food/feed 
industry pool (41498 tons) form N flow by fodder back to agriculture pool: 79346-41470= 37848 tons of 
N.  

Additionally 72817 tons of seed (crops, hay) in 2014, N content 1%. Input by seeds 600 tons of N.  Total 
input: 37848+600= 38448 tons of N.  

Outputs 

N output to Food&feed industry pool is 49246 tons (Table 1). It includes 4320 tons of N by milk, 280 tons 
by eggs, 3150 tons by meat (Table 1), 41400 tons by crops, 2.5 tons by fruits and berries and 93 tons by 
vegetables (Table 2). Data about the flow of goods and N directly to the consumers is not available. 
Therefore, it was assumed that 90% of the produced meat and 50% of fruits and vegetables goes to 
food&feed industry sector and the rest part goes directly to the consumers.   



Table 1. N flow from agriculture pool to food/feed industry pool in 2014. 

Product Unit Production N, % N, tons Assumptions 

Milk Th. 
tons 

785 0.5 4320  

Eggs Th. 
tons 

13.96 2.0 280  

Meat Th. 
tons 
(dead 
weigh
t) 

118.6 (live 
weight) 

2.9 (3.1 for 
chicken) 

3150 From total production 
3530 tons/N: 90% to 
industry 10% to direct 
consumption  

Fruits/ 
berries 

tons 5098 0.1 2.5 50% to industry 50% to 
direct consumption (2.5 
tonnes) 

Vegetables tons 66369 0.28 93 50% to industry 50% to 
direct consumption (93 
tonnes) 

Cereals tons   41400  

TOTAL    49246  

 

Table 2. N flow by crop production in 2014. 

 Sown area 103 
ha 

Total harvest 
103tons 

Yield, 
103kg/ha 

Nr 
content* % 

Total Nr 
removal, tons 

Cereals inc.(W+S) 333 1 222 3 669     
Rye 15 50 3 211 1.7 850 
Wheat 81 348 4 295 2 6960 
Barley 0.2 0.6 3 392 1.7 10.2 
Triticale 6 25 4 050 2.5 625 
Wheat 73 268 3 648 2.7 7236 
Barley 126 458 3 641 2.7 12366 
0ats 27 65 2 384 1.8 1170 
Mixed grain 3 8 2 523 1.6 128 
Backwheat 0.8 0.6 720 0.55 3 
Legumes 19 40 2 070 6.6 2640 
Oil flax 81 92.3 1 140 3.9 3600 
Rape and turnip 80 166 2 078 3.5 5810 
Vegetables 2.9 66 19 188 0.2 132 



Potatoes 6.4 117.3 18 472 0.35 411 
Forage crops 166 0.3 23 000 1.9 6 

Annual-multi forage 
crops 207.8 2200 13 549 1.7 37400 
Total 608.4      79346 

 

According to Statistics Estonia there were as an average 96 750 milking cows in 2013-2014 in Estonia.  
Mean milk production per cow was 8112 kg/year and the total milk production is 785 thousand tons. 
Protein content in milk is 3,51% (Nutridata Estonia) and the conversion factor for milk protein content to 
nitrogen content is 6,38.  This gives mean N content in milk 0.55% and total N content in milk 4 320 tons.  
Calculations of N outputs by meat from the agriculture pool is specified in Table 3. 

Table 3. Output of N by meat in 2014 

 Type of 
meat 

Production, tons 

 

N% 
Nr content, 
tons 

Calculated No of 
animals during 
calendar year 

Cattle 22478  2.9 654   

Pork 67955  2.9 1997 566 625 

Lamb, coats 1360  2.9 40   

Chicken 26826  3.1 839   

Total 118600    3 530   
 

N flow to Urban settlements include meat (350 tons of N), fruits (2.5), vegetables (93) and potato (352 N 
tons). Total flow of N is 798 tons. Calculations are based on the assumption that 10% of meat, 50% of 
fruits and vegetables and 100% of potato is for the direct consumption.        

N flow to solid waste pool is 1766 tons. The amount of organic waste generated in agricultural sector in 
2014 was 88 308 tons. The nitrogen content in organic waste is ca 2% (Sokka et al., 2004). Thus, 88308 * 
0,02= 1766 tons of nitrogen. 

N flow with manure and biomass to energy pool for biogas production accounted 255 tons of N. 
Consumption of biogas in 2014 was 11.5 mln m3 (Statistics Estonia). The density of biogas: 1.16 kg/m3. N 
content in biogas is 1.9%. 

Total emission of NH3-N, N2O-N and NOx-N to atmosphere from Agriculture pool is 10738 tons of N 
(Estonian statistics).  Emission of NH3 is calculated as 10 kg/ha from arable land area and 5 kg/ha from the 
other agricultural land area. Total emission of ammonia (NH3) is 6500+1600=8100 tons. 

Assessment of N losses from agricultural land area to surface waters is based on the monitoring data on 
water quality and runoff in small agriculture dominated catchments (include background load from 
agricultural land area).  Total agricultural land area is 1172400 ha. Arable land area forms 974  800 ha, of 
that 650 000 ha is intensively used arable land. Mean N runoff is 15 kg/ha -  650 000* 15 kg/ha = 9 750 



t/a. The rest part of arable land (974 800- 650 0000= 324 800 ha) is less intensively used and N ruoff is  
324 800* 10 kg/ha = 3 240 t/a.  Natural grasslands form cover 197600 ha with mean N loss 3-4 kg/ha.  N 
loss from natural grasslands is 197600 ha *3,5= 692 tons.  Total loss   9754 + 3 240 + 692 = 13682 tons of 
N. 

N flow between crop production and animal production sub-pools 

N flow by hay consumed by cattle (12200 tons of N) is accounted as input of soil N to the pool via stock 
exchange.  

Nitrogen flow by manure from animal production sub-pool to crop production sub-pool does not exit from 
the agriculture pool, except by load of manure to waste pool for compositing and possible biogas 
production, losses to water bodies and via air emission (considering that manure is not exported). Total 
N content in produced manure is 36300 tons (Table 4). Calculations are based on mean N contents in 
different types of manure from animal farming provided by the Decree of the Minister of Agriculture (Riigi 
Teataja, 2014). Part of the produced manure (1766 tons) is used for composting and possible production 
of biogas and form an output flow from the agriculture pool. Thus, 34534 tons of N by manure flows from 
animal production sub-pool to crop production sub-pool.  

Tabel 4.  Number of agricultural animals and livestock units (LU) and N load by manure in 2014. 

Livestock and 

poultry 

Number of 

animals LU Total LU 

Nr content in 

manure, 

kg/animal Nr (tons) 

Coefficient for 

calculations (animals 

per animal places) 

Cattle 264 700 
     

..Dairy cows 95 600 1 95 600 134 12810 
 

..Heifers 30 000 0,6 18 000 72,4 2 172 
 

..Beef cattle 79 100 0,6 47460 72,4 5 727 
 

..Young cattle 60 000 0,2 12000 25 1 500 
 

Pigs 357 900 0,03 10737 3,3 1 181 *2=2362 

Sheep 84 400 0,21 17724 16,9 1 426 
 

Goats 5 400 0,21 1134 17 92 
 

Horses 6 300 
  

47,6 3001 
 

Broilers 1 357 000 
  

0,648 879 *7=6153 

other poultry,  982 600 
  

0,5 491 *2,2=1 080 

Sum 
    

29279 

=29279+7 040 

= 36300 
1Swedish Board Board of Agriculture, 2010 



Uncertainty 

Uncertainty for assessment of N flows to and from the agriculture pool can be large, particularly regarding 
N contents in agricultural products, manure and wastes (Table 4). Moreover, some major flows were 
accounted by applying N mass balance method.   

Total input of N to the pool is 99.4 kT and output 76.5 kT. Internal stock exchange of N between crop and 
animal production sub-pools contributed 36.3 kT of N by manure and 12.2 kT by hay.  Likely input vary 
from 84 to 120 kT of N and output from 66 to 90 kT of N providing likely variation of N balance from +12 
to +30 kT (Table 5).   

Table 5.  Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from agriculture pool. 

  

N flow, 
kT/yr 

Uncertainty 
factor 

Nmin, 
kT/yr 

Nmax, 
kT/yr 

Import of fertilisers, forage crops and 
natural gas Input 37.2 1.05 35.4 39.1 
Atmospheric deposition Input 5.0 1.2 4.2 6.0 
N fixation Input 4.9 2 2.4 9.7 
Compost from sewage sludge Input 1.4 1.5 1.0 2.1 
Fodder from Food&feed industry pool 
and seeds Input 38.5 1.2 32.1 46.2 
Stock exchange: Soil N by hay to animal 
sub-pool Input 12.2 1.33 9.2 16.2 
Stock exchange: Manure from animal 
sub-pool to crop sub-pool.   34.5 1.05 32.9 34.7 
 
Air emissions Output 10.7 1.2 8.9 12.9 
To energy pool Output 0.3 1.33 0.2 0.3 
To Solid waste pool Output 1.8 2 0.9 3.5 
To Urban settlements Output 0.8 1.33 0.6 1.1 
To Food&feed industry Output 49.6 1.1 45.1 54.6 
To Hydrosphere Output 13.7 1.33 10.3 18.2 

 
 

Conclusions 

The largest input flows of N are from imports of fertilizers, forage crops and natural gas that form 38% of 
the total input flow to the pool and input by fodder and seeds from food/feed industry pool that 
contribute 39% of the flow. Stock exchange of N in soil by fodder hay provide 12% of the flow followed 
by air deposition and biological fixation of nitrogen by leguminous plants, both about 5% of the load.   

Output of N by crops and animal products to food/feed industry pool account about 64% of the total 
output flow followed by N emissions to the environment (18% to hydrosphere and 14% to air). Minor 
outputs include N flow by manure, straw and hay to energy pool for biogas production, organic wastes 



to the solid waste pool and food products for direct consumption to the urban settlements pool 
providing no more than 1-2% of the total output flow of N.   
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Aquaculture/fishery pool 
 
There were 32 fish farms and 23 crayfish farms in Estonia in the beginning of 2016. Some of the farms 
produce both fish and crayfish. There are also about 200 small (hobby) fish/crayfish farms that produced 
fish only for their own use.  All sea farms stopped their operation in Estonia (Riigikontroll, 2016).  
Fish farms produced 1149 tons of fish in 2014 (Riigikontroll, 2016, data by the Estonian Environmental 
Agency). 82% of the produced fish (942 tons) was trout. Fish N content of the major produced species is: 
trout - 3.536% and salmon - 3.2% (Nutridata Estonia). Weighted mean N content in fish is 3.4%. Fish N in 
produced fish: 1149*0.034 = 39.1 tons. About 869 tons of local fish from total fish farm production, 
including 0.2 tons of crayfish was marketed (Estonian Environmental Agency). 424 tons of marketed fish 
was exported and the rest part (869-424=445 tons of fish) was probably consumed locally.   
 
Export of N by fish farm production is calculated as: 424* 0.034 = 14.4 tons of N.   
 
N flow to local use (to Food/feed industry pool) is 445* 0.034 = 15.1 tons of N. 
 
It is assumed that the share of fish from fish farms directly to local markets and direct consumption is: 
1149-869= 280 tons (280*0.034 = 9.5 tons of nitrogen). Part of the produced fish was released to 
waterbodies. That N flow is not accounted due to lack of data.  
 
Total input of N include fish catches from fish farms, inland surface water bodies and the sea, imported 
fish and fish feed for aquaculture (Figure 1).  N outputs are due to produced fish to food&feed industry 
and direct human consumption, export of fish, N load to sediments in fish farms, atmospheric emissions, 
solid waste load and emissions to hydrosphere. 
 
Input by fish feed amounts: 1149*0.95=1092 tons/year, assuming that the mean ratio of fish feed and 
fish growth is 0.95 and knowing that 0.8 kg of feed is needed for 1 kg of fish growth in farms with water 
circulation and 1.1 kg/kg in farms without water circulation (Marksoo, 2013). The mean N content in fish 
feed used for calculations is 7.5% (based on the approximate composition of protein if fish feed provided 
by  Jokumsen, A. and Svendsen, L.M. 2010) that amounts N flow by fish feed: 1092*0.075= 81.9 tons. It is 
assumed that 50% of fish feed (41 tons of N) is imported and 50% (41 tons) is local production.  

N flow by fish feed to fish: 37/81.9 = 45% (37 tons) and to water and sediments: 55% (45 tons  - both 
dissolved and in solid particles in sediments). 

 



 
Figure 1. N flow to and from Aquaculture/fishery pool (kT/year). 
 

N load to sediments is: (81.9)*0.1= 8 tons of N assuming that it forms 10% of the total environmental load 
(55% from 81.9 tons of N input by feed) and 45% of N (37 tons N) is dissolved in water. Actual amount of 
N that dissolves in water is smaller, considering that 17 % of the produced fish origin from farms with 
water circulation (Kalakasvatuste…, 2012): 37*0.83=31 tons of N dissolved to water. Therefore, 
additionally to sediments: (treatment) 37-31= 6 tons N. Total to sediments: 8+6 = 14 tons. 
 
Our results show that the share of N in fish feed that is accumulated in fish is somewhat higher compared 
to some previous studies proposing that only 18-34% of N is accumulated to fish.  The share of N lost to 
the environment is somewhat lower (10% and 42% by solid particles and dissolved N, respectively) 
compared to the results provided by Lazzari ja Baldisserotto (2008)  (7-13% and 56-74%). 
 
N load to the environment by wastes (14 tons) and to hydrosphere (31 tons) is 45 tons, that is considerably 
more than the declared load of N (2.5 tons) by fishfarms in 2014 (Riigikontroll, 2016). N load to the 
environment to produce one ton of fish is 26 kilograms. 
 
Emission to atmosphere was 43 tons in 2014 (Statistics Estonia).  
 
Precipitation load to the surface of fish farms is not considered. 



 
Fishing from inland and sea waters 
The aquaculture/fishery pool include N flows to and from Estonia by fish catches from inland water bodies 
and the sea. Fish catches from inland water bodies in 2014 were 2847.3 tons of fish (Statistics Estonia).  
(N mean content 2,912%, Nutridata) = 83 tons of nitrogen. 

Total marine fish production in 2014 was 68324 tons. Production from the Baltic Sea: 54627.1 tons of fish, 
incl 23132.5 tons of Baltic herring and 28498.3 tons of sprat (Eesti Mereinstituut, 2016).  N input by 
herring (23132.5 *2.672% = 618.1 tons of N), sprat (28498.3*1.488% = 424 tons of N) and other fish 
(2997*2.912% = 87 tons of N) is 1129 tons based on the typical N content in different fish species 
(Nutridata Estonia). N input by ocean fish: 10850  tons of fish (N mean content 2,912%), = 316 tons of 
nitrogen. 

TOTAL N input by marine fish is: 1129+316= 1445 tons. 

Fish import contributed 1815 tons of N in 2014 and accounted as an input to food&feed industry pool. 
Total fish input by fishing and imported fish (production by fish farms not included): 68324+56100=124424 
tons and N input (1596+1815=3411 tons N year). Total N input by fish to Estonian economy: 3411+39 = 
3450 tons.  

 
Fish export accounted 101200 tons of fish (Statistics Estonia) with the mean N content in different fish 
species 2,912% and the export flow of N is 2947 tons. Unused material from fishing is 7900 tons (Statistics 
Estonia) that is 230 tons of N. 
 
Import/production of fish exceeds export by 24373 tons. N budget with fish: 3450+230-2947= 723 tons of 
N.  
 
Used fish biomass: 62660 tons (Estonian statistics), incl. 59812 tons of sea fish (mostly Baltic herring and 
sprat). Mean N content used for assessment of N input to industries is 2% considering the content of N in 
herring and sprat and the total N input to industries is 1196 tons of N. Assuming that 80% of fish from 
inland water bodies (2848 tons of fish,  N content 2.912%) is an input to Food&feed industry pool – 66 
tons of N.  

TOTAL fish to industries: 1196+66= 1264 tons of N.  

From fisheries to Consumption pool: 1596 (marine fish catch)+17 (20% of inland fish catch)-1264 (to food 
industry) = 349 tons of N. 

 

Uncertainty 

Most of the input data for assessment of N flows is provided by the Statistics Estonia. The largest 
uncertainty relates to the mean N content in fish feed and assessment of N flow by fish feed to fish and N 
losses to the environment that are calculated indirectly.  Total input of N to the pool is 1.6 kT and output 
4.7 kT. Uncertainty assessment does not involve minor N flows <0.1 kT year. Likely input vary from 1.4 to 
1.7 kT of N and output flow from 3.6 to 5.7 kT of N providing likely variation of N balance from -2 to -4 kT 
(Table 1). 



Table 1. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the aquaculture/fishery pool.  

N flow  

N flow, 
kT/yr 

Uncertainty 
factor 

Nmax, 
kT/yr 

Nmin, 
kT/yr 

Imported fish feed Input <0.1    
Fish feed from Food/feed industry pool  <0.1    
Fish catches from Hydrosphere pool Input 0.1 1.05 0.1 0.1 
Fish catches from the Baltic Sea and ocean Input 1.4 1.1 1.6 1.3 

      
Aquaculture export Output <0.1    
Aquaculture production to food industry pool  Output <0.1    
To waste pool Output <0.1    
From fishfarms to hydrosphere Output <0.1    
Direct consumption of fishfarm production Output <0.1    
Fish export Output 2.9 1.2 3.5 2.5 
Fish to Food industry pool Output 1.3 1.33 1.7 1.0 
Fisheries to Consumption pool Output 0.3 1.5 0.5 0.2 
Air emission Output <0.1    

 

Conclusions 

Nitrogen flow to and from the aquaculture/fishery pool is relatively small compared to most of the other 
pools. Some of the studied N flows to and from the pool are less than 0.1kT/year including N flow by 
import of fish feed as well as emissions to atmosphere and hydrosphere. Fish import is accounted under 
food&feed industry pool. 90% of all of the N inputs are fish catches from the Baltic sea and the Atlantic 
ocean. Large portion of the produced fish is exported and accounts 63% of the total N output from the 
pool. N flow by fish biomass to food& feed industry pool contributes 27% of the total N flow.. The N 
budget (input-output) of the pool is heavily negative due to the fact that the fish export (2947 tons of N) 
is accounted under the aquaculture/fisheries pool but import (1815 tons of N) is assumed to be input to 
the food&feed industry pool. 
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Atmosphere 

N flows to atmosphere pool include transboundary flows, emissions from human settlements including 
from the waste and wastewater pools, from transport, agriculture and aquaculture, energy and industrial 
production, from forests and peatlands (Figure 1). N flow from the Atmosphere pool include 
transboundary transport to neighboring countries, atmospheric deposition, N fixation by plants and 
atmospheric N2 fixation during combustion by energy and transport pools. 

 

 

Figure 1. N flow to and from hydrosphere pool (kT/year). 

 

Input 

Data about N flow to atmosphere from industries, transport, agriculture, human settlements, energy and 
aquaculture pools is provided by the Statistics Estonia (https://www.stat.ee/en) and the Estonian 
informative inventory report, submitted under convention on Long –Range transboundary Air Pollution 
(2016).    Most of the incoming nitrogen to atmosphere is molecular N2 from combustion of fuels in energy 
and industry sectors and from the human settlements pool contributing 60.8 kT of N.  The largest single 



contributing pools are agriculture (10738 tons of N), forest (7230 tons of N) and transport (7030 tons of 
N) pools (Table 2). N emission from the transport pool include all transport means except air transport. 
Emission from the energy pool include 3068 tons of NOx-N, 3.4 tons of NH3-N and 44 tons of N2O-N. The 
food/ feed industry and aquaculture pools contribute only 230 and 43 tons of N, respectively.  

According to the Estonian informative inventory report submitted under convention on Long-Range 
transboundary Air Pollution (2016) annual emission of NH3 from landfills was 25 tons (825*0.8235=21 
tons of N) and emission of NOX was 7 tons. Average content of N in NOx is 0.27 (2 tons of N). Total emission 
from landfills in 2914 is 23 tons of N. Emission from the waste water pool is 122.8-23= 100 tons of N.  

Input of N from hydrosphere pool by denitrification is 5609 tons. Assessment of the flow is based on the 
assumption that denitrification = total input of N to inland surface water bodies - riverine N input to the 
sea. 

Transboundary import of atmospheric N accounts 20300 tons (Gauss et al., 2016). 

 

Output 

Deposition of NO3-N and NH4-N is calculated ba using data provided by the Estonian national monitoring 
program of precipitation chemistry for 2014 (Ulm, 2018) and updated data on the area of specific land 
cover types in Estonia (Table 1).  

Table 1. N deposition in tons in 2014. 

Land cover type Area, ha N, tons N, kg/ha 
Forests and other natural 2830500 11934 4.2 
Agricultural land 1172400 5011 4.3 
Water surface 252000 1158 4.6 
Built-up area 279000 1172 4.2 
TOTAL 4533900 19275  

 

Total load to agricultural land (9885 tons of N) include N fixation by legumes and atmospheric deposition 
(5011 tons of N).  Biological fixation of nitrogen by leguminous plants lucerne, red clower, fodder galega, 
and pea contribute 4874 tons. Biological fixation in arable land by leguminous plants is estimated to be 
up to 225 kg/N ha/yr (Lauringson et al., 2006). Mean fixation of N by crops in agricultural land is 
considerably lower and assessment is based on the mean area specific N fixation of 5 kg/N/ha/yr.  4874 
tons of N enters the agriculture pool annually by biological fixation considering the share of leguminous 
crops in total agricultural landuse. 

Total load to forest and other natural landscapes (2830500 ha) is 11934 tons of N. Area-specific load used 
for calculations: 4.2 kg N/ha/a (Ulm, 2018). Additionally biological fixation of N by forest pool accounts 
for 6798 tons of N.   

N deposition to hydrosphere in 2014 is 1158 tons and to urban areas (279000 ha, 4.2 kg N/ha/a) 1172 
tons.  



Conversion of N2 from atmosphere (6424 tons of N) by the transport pool is calculated as N emission from 
the transport pool (7030 tons) minus N in used fuel (606 tons). 

Transboundary export of N in 2014 is 23900 tons (12300 tons of oxidized nitrogen and 11600 tons of 
reduced nitrogen) (Gauss et al., 2016).    

 

Uncertainty 

Most of the input data of N emissions to atmosphere from other pools is provided by Statistics Estonia. 
Assessment of transboundary import and export of atmospheric N is based on the results by Gauss et al. 
(2016). 

N outputs e.g. deposition of N on different land cover types including surface water bodies are calculated 
by applying national precipitation chemistry monitoring data. Uncertainty of that data is relatively small 
compared to assessments of N2 conversation by incineration of fuels and N fixation by plants and N flow 
by denitrification in hydrosphere pool. Total input of N to the pool is 126.4 kT and output 68.5 kT. Likely 
input vary from 90 to 182 kT of N and output from 49 to 100 kT of N providing likely variation of N balance 
from 41 to 82 kT (Table 2).  

Table 2. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the atmosphere pool. 

    
N flow, 
kT/yr 

Uncertainty 
factor 

Nmin, kT/yr  Nmax, kT/yr 

Atmospheric import Input 20.3 1.33 15.3 27.0 
From Agriculture pool Input 10.7 1.2 8.9 12.9 
From Forest pool Input 7.2 2 3.6 14.5 
Denitrification in surface 
water bodies Input 5.6 2 2.8 11.2 
From Transport pool Input 7.0 1.33 5.3 9.3 
From Industry pool Input 1.9 1.05 1.0 1.1 
From Food industry pool Input 0.2 1.05 0.2 0.2 
From Energy pool Input 61.5 1.5 41.9 90.8 
From Wastewater pool Input 6.3 1.1 5.8 7.0 
From Aquaculture pool Input <0.1    
From Consumers pool Input 5.4 1.05 5.1 5.7 
From Solid waste pool Input <0.1    

      
Atmospheric export Output 23.9 1.33 18.0 31.8 
To Energy pool Output 3.1 2 1.5 6.1 
Atmospheric deposition to 
agricultural land Output 5.0 1.2 4.2 6.0 
N fixation by leguminous 
crops Output 4.9 2 2.4 9.7 



Deposition to surface 
water bodies Output 1.2 1.2 1.0 1.4 
Deposition to 
forest/wetland area Output 11.9 1.2 9.9 14.3 
Biological fixation by 
forest pool Output 6.8 2 3.4 13.6 
Conversion of N  by 
Transport pool Output 6.4 1.2 5.4 7.7 
Deposition to human 
settlements Output 1.2 1.2 1.0 1.4 
Atmospheric N by 
combustion – human 
settlements Output 3.4 2 1.7 6.9 

 

Conclusions 

Most of the nitrogen enters the atmosphere pool as N2 from the fuel combustion mainly from the energy 
pool accounting 57% of the total domestic output flow of N.   Other major contributors to atmospheric N 
emissions are agriculture (10% of the emissions from the Estonian territory), forest/wetland and transport 
pools (both about 7%) and wastewater pool (6%). Transboundary import contributed 16% of the total N 
input.  

Transboundary export of N formed 35% of the total output from the pool. N deposition to forest and 
wetland areas and biological fixation contributed together 42% of the atmospheric output, respectively,  
if not considering transboundary export. Deposition and N fixation by leguminous plants in agricultural 
land contributed 22% and conversion of N by transport pool 14% of the N output from atmosphere.   

 

Data sources 
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  Energy pool 

Energy pool accounts major input flows of domestic and imported fuels for energy production and outputs 
to the environment and export. Input of Nr by shale oil and oil shale gas for energy production origin from 
the Industry pool (Figure 1). Data source for assessment of most of the inputs and outputs of energy 
carriers is the Statistics Estonia database. 

 

 

 

Figure 1. N flow in to and from energy pool in 2014 (kT/yr). 

 

Inputs 

Input of extracted oil shale for energy production accounted 14.8 mln tons (20735 tons of N) as stock 
exchange Table 1).  N flow is calculated based on the mean N content in organic matter of the oil shale 
(0.33%) (Arro et al, 2003) and the mean content of organic matter that is 42%.  

 
  



  Table 1. Input of energy fuels to the pool and related N flows in 2014. 

 

 

Input from Industry pool is the sum of the annual consumption of energy carriers, e.g. oil shale gas and 
shale oil produced by the industry pool based on the data from Statistics Estonia and the content of N in 
fuels (Table 1). Use of oil shale gas (853.7 mln m3 and 37636 tons of N) and shale oil (29.2 th tons and 496 
tons of N). Generator gas form 623 mln m3 and semi-coke gas 231 mln m3 (Konist, 2014). N content is 
1.5% volume and 10% volume, respectively. N flow is:  10.8 and 26.8 kT, respectively and total flow by 
gas: 37.6 kT.  Oil shale gas density is 1.16 kg/m3. Total input by oil shale gas is 37636 tons of N. Total input 
of N by oil shale gas and shale oil is 37636+496 = 38132 tons of N.  

Input by forestry byproducts include 98.6 th tons of peat, 3203.9 th m3 of wood and 2.1 th tons of wood 
briquette in 2014 (Statistics Estonia, consumption of fuel in 2014) (Table 1). Mean N content of peat is 
2%; wood 0.163% N (dry weight); wood briquette 0.4% N. Mean energy wood density is 530 kg/m3 typical 
for alder species (Saarman, 1998). Total input from the forestry pool: 1972+5222+8.4 = 7202 tons of N in 
2014. 

Manure, straw and hay from agriculture pool are used to produce biogas. Consumption of biogas in 2014 
was 11.5 mln m3 (Statistics Estonia). Mean density of biogas: 1.16 kg/m3 and mean N content used for 
calculations is 1.9%. Total input flow is 255 ton of N. 

Fuel Consumption by 
energy sector, 2014 

Unit N content, % N flow, 
tons 

Oil shale 14752.9 Th. tons 0.33% of organic matter 
(Arro et al, 2003) 

20735 

Peat 98.6 Th tons 2 (1-3) 1972 
Wood 3203.9 Th m3 (density 530 

kg/m3; Saarman, 1998. 
Puiduteadus) 

0.163 (dry weight) 5222 

Wood 
briquette 

2.1 Th tons 0.4 (0.3-0.5) 8 

Natural gas 229.2  Mill. m3 (density 0.8 
kgN/m3) 

0.95% 6389 

Oil shale gas 853.7 Mill. m3 (N density 1.16 
kgN/m3) 

1.5 and 10 %. (volume %) 
for generator gas and 
semi-coke gas, 
respectively. N content 
1.7% 

37636 

Waste fuel 217 Th. tons 0.4 868 
Biogas 11.5 Mill. m3 (density 1.16 

kgN/m3)? 
1.9% (<2%) 255 

Shale oil 
(heating) 

29.2 Th tons 1.5-2.0% 496 

TOTAL    73581 



Solid waste to Energy pool: Amount of locally produced MSW incinerated in 2014 was 216990 tons. It 
includes mixed MSW and separately collected plastic packaging. Mean N content of mixed MSW is 0.4% 
(EPNB, 2016).  N flow is: 216990 * 0.004 = 868 tons. 

Import of MSW for energy production accounted 46362 tons of mixed MSW in 2014 (Waste reporting 
system) and incinerated at Iru Power Plant.  The mean content of nitrogen in MSW is 0.4. Total import is 
46 362 * 0.004= 185 tons (Table 2). 19739 tons of of RDF waste was also imported but used mainly by the 
industry sector as additional fuel.   

Import of other energy carriers for energy pool include: coal (824 tons of N), peat (50), crude oil (11651) 
and natural gas (6389). N input by import is 18914 tons. Mean N contents in fuels used for calculations: 
Coal 1%; Peat 2%; Crude oil 0.5%; Wastes 0.4%, natural gas 0.95%. TOTAL IMPORT of energy carriers 
involve waste fuel for incineration (185 tons of N) besides of the earlier listed energy carriers and in total 
19099 tons of N was imported in 2014 (Table 2).   

Table 2. N import to Estonia by energy carriers in 2014. 

 

  

 

N fixation by incineration of fuels: assumed to be equal to NOx emissions: 3068 tons of N. 

 

Output 

 

Normally atmospheric nitrogen is non-combustible and remains in molecular form N2 during combustion 
of fuels. Only a small part is oxidized to harmful NOx. Thus, most of the air emissions of nitrogen to 
atmosphere is molecular N2 from combustion of fuels (58.4 kT of N). Besides of this flow, emissions of 
harmful compounds, i.e. NOx, NH3 and N2O from the energy sector provided additional emission of  
3116 tons of Nr in 2014 (Statistics Estonia, Table 3). Total flow to the atmosphere is 61.5 kT of N.  
Table 3. N air emissions from energy pool in 2014. 

Compound Emission in 2014, tons N emission, tons 
NOx 10083.3 3068.3 
NH3 4.1 3.4 
N2O 69.1 44 
TOTAL  3116 

 

Fuel Import 2014, th tons N content, % N flow, tons 
Coal 82.8 1.0 (0.8-1.5) 824 
Peat 2.5 2 (1-3) 50 
Crude Oil 2330.3 0.5 11651 
Natural gas 530 mln m3 0.95% 6389 
Wastes 46.4 0.4 185 
TOTAL import   19099 



Oil shale ash can be accounted as an output from energy pool to solid waste pool. Total production of ash 
in 2014 was 8.6 mln tons. Mean N content in oil shale ash is 0.1% (Ots,  2013) and the total N flow to solid 
waste pool is 8600 tons.  

Export of energy fuels involve crude oil, natural gas and wastes and totals 9912 tons of N in 2014 (Table 
4). Export of some other fuels e.g. shale oil, peat, are accounted under the industry pool, 

Table 4. N export by energy carriers in Estonia in 2014. 

 

 

 

 

Uncertainty 

Input and output flows of energy carriers were calculated by using the Statistics Estonia database. N 
contents of materials/products was obtained from different data and literature sources having different 
quality. The largest uncertainty relates to the assessment of N fixation during combustion of fuels. Total 
input of N to the pool is 89.5 kT and output 80.0 kT. Likely input vary from 68 to 120 kT of N and output 
from 57 to 113 kT of N providing likely variation of N balance between input and output flows from +7 to 
+11 kT (Table 5).  

Table 5. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the energy pool. 

N flow  

N flow, 
kT/yr 

Uncertainty 
factor 

Nmin, 
kT/yr 

Nmax, 
kT/yr 

From Forest pool Input 7.2 1.33 5.4 9.6 
From Agriculture pool Input 0.3 1.33 0.2 0.3 
From Industry pool Input 38.1 1.5 25.4 57.2 
N input by extracted oil shale Input 20.7 1.2 17.3 24.9 
Import of fuel Input 19.1 1.1 17.4 21.0 
Import of waste fuel Input 0.2 1.1 0.2 0.2 
Waste to Energy Input 0.9 1.33 0.7 1.2 
N2 fixation by combustion  Input 3.1 2 1.5 6.1 

      
Export of fuel Output 9.9 1.1 9.0 10.9 
Emission to Atmosphere Output 3.1 1.05 3.0 3.3 
To solid waste pool Output 8.6 1.33 6.5 11.4 
Emission of N2 from 
combustion Output 58.4 1.5 38.9 87.6 

 

 

Fuel export Th tons, 2014 N content, % N flow, tons 
Crude Oil 1961.9 0.5 9810 
Natural gas 8.5 mln m3 0.95% 101 
Wastes 0.1 0.5 0.5 
TOTAL export   9912 



Conclusions 

The Estonian energy sector is very much dependent on locally produced fossil fuel - oil shale and other 
fuels made from it by the industry sector. This flow by stock exchange due to extraction of oil shale and 
input from the industry pool contributes 65% of the total input. About 23% of N input origin from the 
imports of fuels. Some of the fuels (e.g. large part of crude oil) just transit Estonia. N emissions to 
atmosphere contribute 77% of the total output flow of N followed by export of fuels that contribute 12% 
of the flow.  Nr flow by oil shale ash to waste pool provide 11% of the output flow.  
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Food and feed industry pool 

 

Food and feed industry pool include inputs of N from agriculture, forest, aquaculture/fishery pools as well 
as import of materials/byproducts and water abstraction for technological needs (Fig. 1). The amount of 
produced wastewater from food/feed industries is assumed to be equal to water abstraction. 

Outputs include N discharges to wastewater pool and emissions to atmosphere, organic wastes to solid 
waste pool, produced food for consumption and export and feed for agriculture and aquaculture pools. 
Export of agricultural products from the food/feed industry pool include some products that are directly 
exported by agricultural producers (e.g. milk) due to lack of data for separating of the related N flows.   

 

 

Figure 1. Nitrogen flow to and from Food&feed industry pool in 2014 (kT/year). 

 



Inputs 

N input from Agriculture pool accounted 49246 tons (Table 1). It include 4320+280 tons of N by milk and 
eggs, 3150 tons of N by meat, 41400 tons by crops, 2.5 tons by fruits and berries and 93 tons by vegetables. 
Data about the flow of goods and N directly to the consumers is not available. Therefore, it was assumed 
that 90% of the produced meat and 50% of fruits and vegetables enters the food&feed industry sector.      

Table 1. N flow from agriculture pool to food/feed industry pool in 2014. 

Product Unit Productio
n 

N, % N, 
tons 

Assumptions 

Milk Th. tons 730 0.55 4320  
Eggs Th. tons 13.96 2.0 280  
Meat Th. tons 

(live 
weight) 

118.6  2.9 (3.1 
for 
chicken) 

3150 From total production 3530 
tons/N: 90% to industry 
10% to direct consumption  

Fruits/ 
berries 

tons 5098 0.1 2.5 50% to industry 50% to 
direct consumption (2.5 
tonnes) 

Vegetables tons 66369 0.28 93 50% to industry 50% to 
direct consumption (93 
tonnes) 

Potato tons 117296 0.3 0 0% to industry 100% to 
direct consumption (352 
tonnes) 

Cereals tons 2458824 1.7 41400  
TOTAL    49246  

 

Input from forest pool is 19 tons of N and calculated as annual domestic consumption  of berries and 
mushrooms, i.e. 8275 tons in 2014 (Statistics Estonia). Mean N content in  berries (cranberry) and mixed 
mushrooms is 0.064% and  0.4%, respectively (Nutridata Estonia). Mean content of N for berries and 
mushrooms (0.23%) was applied due to lack of statistical data regarding specific consumption of either 
berries or mushrooms.  

Total N flow by fish from aquaculture and fishing pool is 1279 tons. In involves 1264 tons of N by inland 
and marine fish and 15 tons of aquaculture production. N flow is calclated based on annual production of 
fish and the mean N contents in produced fish. Fish farms produced 1149 tons of fish in 2014 (Riigikontroll, 
2016, data by the Estonian Environmental Agency). 82% of the produced fish (942 tons) was trout. N 
content of the major produced fish species is: trout 3.536% and salmon 3.2% (Nutridata Estonia). 
Weighted mean N content in fish is 3.4%.  

From the total fish farm production 869 tonnes of local fish, including 0.2 tonnes of crayfish was marketed 
(Estonian Environmental Agency). From that 424 tonnes of fish was exported and the rest part (869-
424=445 tons) has been probably used locally.  N flow to local use (to food/feed industry pool) is 445* 
0.034 = 15.1 tons of N.  N flow by fisheries is 1264 tons. Used fish biomass: 62660 tons (Estonian statistics), 
incl. 59812 tons of sea fish (mostly Baltic herring and sprat).  



Mean N content used for assessment of N input to industries is 2% considering the content of N in major 
consumed marine fish species herring and sprat and the total N input to industries is 1196 tons of N. Input 
of N to Food&feed industry pool by fish from inland water bodies (2848 tons,  N content 2.912%) is 66 
tons, assuming that 80% of fish ends up in the Food&feed pool. TOTAL fish to industries: 1196+66= 1264 
tons of N. 

 

Import of N by materials and byproducts to Food&feed industry pool in 2014 was 12023 tons that include 
5200 tons by agricultural products (4550 tons of N by crops and 650 tons of N by animals products), 4689 
tons of N by oil cake, 1815 tons of N by imported fish  (56100 tons of fish was imported in 2014) and 26.9 
mln m3 of gas (319 tons of N) (Statistics Estonia). Most of the imported fish is Norwegian salmon. 
Therefore,  representative N content 3,236% (Nutridata Estonia) for this species was applied. Total N input 
by imported fish is 56100*0.03236= 1815 tons of N. N content in oil crops: 3.97% (Nutridata). N % in oil 
cake: 5.8%. N in gas: 0.95%. 

Abstraction of technological water contributed 2 tons of N.  Total consumption of water by industries in 
2014 was 28.71 million m3. Water consumption by the Food&feed industry pool is 9.56 mln m3 assuming 
that 1/3rd of the total consumption of water by industries is used by the food/feed industries. The mean 
content of N in deep groundwater bodies used as technological water is 0.2 mgN/l. 

 

Outputs 

Output to the consumers pool accounted 7.0 kT N/y. Assessment of the flow is based on the mean annual 
consumption of N by food that is is 5.3 kgN/y per person (Claesson and Steineck, 1996)  and assumed to 
include food losses that exceeds somewat the widely applied N loss value 12 g N per person per day (4,4 
kg N/year).  Total consumption load is: 1 313 000 (people) x 5,3 kg N/y = 6,96 kT N/y. 

Total export of food/feed products contributed 18773 tons of N by crop products, fodder crops and 
animal products including 2303 tons of N by rapeseed cake as animal fodder. Calculations are based on 
the export data of products provided by the Statistics Estonia and N contents from Nutridata Estonia 
database. 

N ouput to Agriculture pool is 37876 tons. Calculated as (Table 2): total N in produced crops (79346 tons 
of N) - N in potato (410 tons of N) and  50% of vegetables that are  inputs to direct consumption -  N in 
forage crops used within the pool (37400 tons) = 41470 tons of N that is an input to food/feed industry 
pool. The difference between the total N in produced crops (79346) and N flow to food/feed industry pool 
(41470 tons) form N flow by by fodder back to agriculture pool: 79346-41470= 37876 tons. 

 

 

 

 

 



Table 2. N flow by crop production in 2014.  

 Sown area 
103 ha 

Total harvest 
103tons 

Yield, 
103kg/ha 

Nr 
content* 
% 

Total Nr 
removal, tons 

Cereals inc.(W+S) 333 1 222 3 669     
Rye 15 50 3 211 1.7 850 
Wheat 81 348 4 295 2 6960 
Barley 0.2 0.6 3 392 1.7 10.2 
Triticale 6 25 4 050 2.5 625 
Wheat 73 268 3 648 2.7 7236 
Barley 126 458 3 641 2.7 12366 
0ats 27 65 2 384 1.8 1170 
Mixed grain 3 8 2 523 1.6 128 
Backwheat 0.8 0.6 720 0.55 3.3 
Legumes 19 40 2 070 6.6 2640 
Oil flax 81 92.3 1 140 3.9 3599.7 
Rape and turnip 80 166 2 078 3.5 5810 
Vegetables 2.9 66 19 188 0.2 132 
Potatoes 6.4 117.3 18 472 0.35 410.55 
Forage crops 166 0.3 23 000 1.9 5.7 

Annual-multi forage 
crops 207.8 2200 13 549 1.7 37400 
Total 608.4      79346 

 

Ait emissions of N accounted 230.1 tons of N in 2014 (Statistics Estonia). 

Calculated waste water load of N to WWTPs was 861 tons in 2014. Water use in industries was 28.71 
million m3 in 2014. Average nitrogen content in the inlet of WWTPs is 90 mgN/l. Assumption: 1/3rd of the 
total load from industries origin from Food/feed pool. 

Total N load by wastes to solid waste pool is 2130 tons. 19568 tons of biowastes were generated in 2014. 
The nitrogen content 1.8% was used for calculations based on Annex 6 of the Guidance document on 
national nitrogen budgets (EPNB, 2016). N load by biowaste is 19568 * 0.018= 352 tons. The amount of 
sludge generated by on site treating of industrial wastewater was 22765 tons of fresh matter. Dry matter 
content of the sludge is 20%, i.e. 4553 tons of sludge dry matter (DM). Average N content of sludge is 32.1 
g/kg DM. Thus, N load by sludge is 143 tons. Additionally N flow with landfilled animal wastes from 
slaughterhouses contributed 1120 tons and calculated as the difference between live and dead weight of 
animals. Input by fish waste is calculated as 40% of the total fish input to food&feed industries (515 tons 



of N). Calculations are based on Annex 6 – Humans and Settlements –table 7 of current Annex 6 of 
Guidance document on national nitrogen budgets. 

N flow by fish feed to Aquaculture pool is 41 tons. Input by fish feed amounts: 1149*0.95=1092 
tons/year, assuming that the ratio of fish feed and fish growth is 0.95 and knowing that 0.8 kg of feed is 
needed for 1 kg of fish growth in farms with water circulation and 1.1 kg/kg in farms without water 
circulation (Marksoo, 2013). The mean N content in fish feed used for calculations is 7.5% (based on the 
approximate composition of protein if fish feed provided by  Jokumsen, A. and Svendsen, L.M. 2010) that 
amounts N flow by fish feed: 1092*0.075= 81.9 tons. It is assumed that 50% of fish feed (41 tons of N) is 
imported and 50% (41 tons) is local production. 

Uncertainty 

Uncertainty in assessments of N flows to and from the pool is probably quite large. Input data comes from 
the Statistics Estonia and the Estonian Nutridata database as well as from very many publications and 
research result providing sometimes rather variable N contents in different raw materials and food/feed 
products. Output to human settlements pool is calculated based on the assumption of consumed N by 
food. Likely input vary from 57 to 70 kT of N and output from 60 to 74 kT of N providing likely variation of 
N balance from -3 to -4 kT (Table 3). Thus, outputs are well balanced with inputs.  

Table 3. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the food&feed industry pool. 

  
N flow, 
kT,yr 

Uncertainty 
factor 

Nmin, 
kT/yr 

Nmax, 
kT/yr 

From Agriculture pool Input 49.3 1.1 44.8 54.2 
From Forest pool Input <0.1    
From Aquaculture pool Input <0.1    
From fisheries Input 1.3 1.1 1.1 1.4 
Import of materials, byproducts Input 12.0 1.1 10.9 13.2 
From hydrosphere Input <0.1    

      
To Atmosphere Output 0.2 1.05 0.2 0.2 
Export Output 18.8 1.1 17.1 20.7 
To Wastewater pool Output 0.9 1.05 0.8 0.9 
To Agriculture pool Output 37.9 1.1 34.4 41.7 
To human settlements Output 7.0 1.1 6.3 7.7 
To Solid waste pool Output 2.1 1.33 1.6 2.8 
To Aquaculture pool Output <0.1    

 

Conclusions 

Total input of N to the pool is 62.6 kT and output 67.4 kT.  Major inputs include crops, milk, meat and eggs 
from agriculture pool (78%) and imports of raw materials and byproducts (20%) including natural gas. N 
flow with fodder to agriculture pool form 57% the total outflow of N followed by export of food/feed 



products (28%) and food products to human settlements pool (10%). Outputs exceed input flows of N by 
nearly 5 kT. 
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Forestry and other natural 

Forests and other natural land cover types occupy about 62 % of the Estonian territory, i.e. 2830500 ha. 
The pool include forest areas and peatlands but not natural grasslands that is accounted under agricultural 
land area. Possible land-use changes in 2014 are not considered. 

Major inputs of N to the pool are due to atmospheric deposition and biological fixation (Figure 1). N input 
by forest growth considered as stock exchange. Larger outputs include flow of N by timber, wood pellets 
and peat to industry pool, export of peat and N flow by energy wood and peat to energy pool.  

 

Figure 1. Inputs and outputs of N to and from Forest pool (kT/year). 

 

Input 

 

NO3-N and NH4-N deposition is calculated by using the data provided by the Estonian national monitoring 
program of precipitation chemistry for 2014 and the area of natural land cover types that is 2830500 ha 
(Table 1).  Mean area-specific load by deposition i.e. 4.2 kg/ha/yr to natural landscapes is provided by Ulm 
(2018).  



Table 1. N deposition in tons in 2014 

 

Land cover type Area, ha N, tons N, kg/ha 
Forests and other natural 2830500 11934 4.2 
Agricultural land 1172400 5011 4.3 
Water surface 252000 1158 4.6 
Built-up area 279000 1172 4.2 
TOTAL 4533900 19275  

 
 

Input by deposition to forest and other natural land area in 2014 is 11934 tons of N.  

Biological N-fixation is calculated by applying area-specific value of 1.7 kg N/ha/yr in boreal forest and  
3.7 kg/ha in wetlands (incl. peaty forest) provided by EPNB (2016).  Forest area is 2398290 ha 
(Environmental agency), of that peaty forest form about 800000 ha and wetland area 303000 ha. N flow 
from forest is 2717 tons, peaty forest 2960 and from peatlands 1121 tons. Total 6798 tons of N.  

Input of N by forest and peat growth growth is calculated by using the data of annual growth of 
coniferous and deciduous forests. Annual growth in 2014 was 13.7 million m3-s (Estonian Environmental 
Agency). Coniferous forests contributed 40% and deciduous forests 60% of the growth. Annual growth of 
coniferous and deciduous forests was 2.6 and  5.9  million tons, respectively, considering the wood density 
that is  470 kg/m3 for coniferous and 723 kg/m3 for deciduous forests. Mean N content of wood is 0.163%. 
N input by forest growth is 4199 tons (coniferous) + 9687 tons (deciduous) = 13886 tons. Annual peat 
growth is 400,000-550,000 tons of dry matter (Ilomets, 2005). Thus, N content on peat is 8000-11000 tons 
of N and the mean is 9500 tons. Total stock exchange by forest and peat growth is 23.4 kT of N. 

Output 

Output to industry and food&feed industry pools include flow of N by wood and wood products, peat, 
berries and mushroom.  

Annual woodcutting in 2014 was 13158671 m3 (Estonian Environmental Agency).  Mean wood density 
used for calculations: 550 kg/m3 and mean N content of wood is 0.163%. Use of wood (extraction of 
biomass from forest) in 2014 accounted 7237 th tons that is 11796 tons of N/year considering that the 
mean N content of wood is 0.163% (Nahalov, 2018). Unused material from woodcutting in 2014 is 804.1 
th tons and the content of N in unused material: 131 tons. Wood output to industry pool is calculated as 
produced domestic wood - unused (11796-131 = 11665 tons of N).  

Peat production in 2014: 830 th tons (16600 tons of N) . Import: 2.5 th tons (50 tons of N); Export: 889.3 
th tons (17786 tons of N); Domestic consumption: 98.6 th tons (1972 tons of N). N flow by export and 
import of peat is accounted under the industry pool. Thus all peat produced in 2014 is considered as an 
output to industry pool. 

Total output to Industry pool: 11665+16600=28265 tons of N.  

Annual domestic consumption of berries and mushrooms was 8275 tons in 2014. Total  N content in 
berries-mushrooms: 0.23*8275= 19 tons that is considered as an output to Food&feed industry pool. 



Output of forestry byproducts to energy sector include 98.6 th tons of peat, 3203.9 th m3 of wood and 
2.1 th tons of wood briquette consumed in 2014 (Statistics Estonia, consumption of fuel in 2014). Mean 
N content of peat is 2%; wood 0.163% N (dry weight); wood briquette 0.4% N. Mean energy wood density 
is 530 kg/m3 (Saarman, 1998). Total N flow from forestry pool to energy pool: 1972 tons by peat + 5222 
tons by wood +8.4 tons by wood briquette = 7202 tons of N in 2014. 

 

Annual use of energy wood for human consumption is calculated as the difference between the total use 
of energy wood (4283 th m3 ) and use by energy sector (3204 th m3) (Statistics Estonia) - 1078 th m3 of 
wood. Mean wood density used for calculations is the density of alder tree that 530 kg/m3 and mean N 
content of wood is 0.163%. N input flow from the forestry pool is 931 tons. 

Annual consumption of berries and mushrooms was 8275 tons in 2014. N content in berries: 0.064% and 
in mushrooms 0.4%. Average content in these resources is 0.23% and total N content in berries-
mushrooms: 0.23*8275= 19 tons that is considered as an output to Food&feed industry pool. 

Annual emission of nitrogen from the pool is 7226 tons. Emission of N2O-N to atmosphere is based on 
data provided by Mander et al. (2010) (Table 2. Mean emission from the forest land is 7207 tons and from 
wetlands 19 tons of N (Table 1). Mean area specific emission is 3.17 kg N/ha of forest land. Additionally 8 
tons of NOx and 2 tons of NH3 is emitted due to forest fire (EMEP Estonian report 2018) and emission of 
N is 4 tons.  

Table 2. N2O-N emission in Estonia (Mander et al., 2010): 

Land type N2O-N emission, tons 
Agricultural land 3800 
Natural grassland 24.9 
Forest 7207   
Wetlands 19 
TOTAL 11050.2 

 

Assessment of N leaching to inland surface water bodies from forests and wetlands is based on the 
studies by Oras et al. (2006) and Iital et al. (2008). The load of nitrogen to inland surface water bodies 
from different peatland and forest types vary a lot (Table 3):  

Estimated annual  leaching of N to surface water bodies is: 5527+1448 = 6975 tons of N.  
 

 

 

 

 

 



Table 3. Estimated annual leaching of nitrogen from peatland and forest land cover types in Estonia (Oras  
et al., 2006) and Iital et al., 2008). 

Peatland     KgN/ha N/tons
Open fens, transitional bogs 5.2 225
Open lawn and pool communities 3.2 309
Peat extraction areas 7.3 168
Scrub on mire, transitional woodland 5.3 746
TOTAL 1448

Forest     KgN/ha N/tons
Broad-leaved forest 2.9 1282
Coniferous forest 1.5 1278
Mixed forest 2.9 2459
Transitional woodland 1.5 366
Clearcut areas 142

2386098 5527

Area, ha

140685
303472

43299
96464
23024

852097
847938
243835

Area, ha
442228

 
 
Uncertainty 
 
Uncertainty of N flows to and from the pool is probably large due to methodological difficulties to assess 
e.g. stock exchange and biological fixation of N, air emissions and runoff. The content of N in forest plant 
species and peat could vary a lot and previous research results provide rather varying estimates.  
Uncertainty for assessment of N flow by wood and peat is lower due to available statistics from the 
Statistics Estonia.  

Total input of N to the pool is 42.1 kT and output 48.7 kT. Likely input of N vary from 33 to 56 kT and 
output from 34  to 71 kT of N providing likely variation of N balance from -1 to -15 kT (Table 4).  

Table 4. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the forestry pool . 

N flow  

N flow, 
kT/yr 

Uncertainty 
factor 

Nmin, 
kT/yr 

Nmax, 
kT/yr 

Deposition Input 11.9 1.2 9.9 14.3 
Biological fixation Input 6.8 2 3.4 13.6 
Used mineralisation of N for forest and 
peat growth (soil reserves) Input 23.4 1.2 19.5 28.1 
Air emissions Output 7.2 2 3.6 14.5 
Forest fire Output <0.1    

Energy wood for human consumption  Output 0.9 1.33 0.7 1.2 
To food and feed industry Output <0.1    

To industry pool Output 26.3 1.33 19.8 35.0 
To energy pool Output 7.2 1.33 5.4 9.6 
Runoff to Hydrosphere pool Output 7.0 1.5 4.7 10.5 



 
 
Conclusions 
 
Inputs include stock change of soil N to forest and peat growth that form 58% of the total input followed 
by air deposition of N (30%) and biological fixation that contributes 12% of the total input. About 54% of 
the output is due to N flow by wood and wood products and peat to the industry pool. Other larger output 
flows include air emissions, and N losses to hydrosphere as well as N flow by peat, wood and wood 
briquette to the energy poo. Each of the listed flows contribute about 14-15% of the total outflow.  
Output of N exceeds input by 6.5 kT that can be explained by extensive use of peat and forest resources.  
There is large uncertainty in assessments of the N sink and fixation by forest and wetland ecosystems due 
to limited and sometimes conflicting data. 
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Human settlements pool 

Human settlements pool have inputs of N from the food&feed industry, forest, agriculture and 
aquaculture/fishery pools. Input part include also import of natural gas for domestic and service sector, 
compost from the wastewater pool, atmospheric deposition of N and water abstraction from hydrosphere 
(Figure 1). Outputs of N from the pool are due to emission to atmosphere, sewage load to wastewater 
pool and waste load to solid waste pool.   

 

Figure 1. N flow to and from the human settlements pool (kT/year). 

 

Inputs 

The largest input is from the food/feed industry pool - 7.0 kT N/y. Calculation is based on the mean 
consumption of N by food that is is 5.3 kgN/y per person (Claesson and Steineck, 1996)  and assumed to 
include food losses that exceeds somewat commonly applied N loss value 12 g N per person per day (4,4 
kg N/year).   Total consumption load is: 1 313 000 (people) x 5,3 kg N/y = 6,96 kT N/y. 



Input energy wood for human consumption from forestry pool (1078 th m3 of wood) is calculated as the 
difference between the total use of energy wood (that is 4283 th m3 ) and consumption by the energy 
sector (3204 th m3)(Statistics Estonia). Mean wood density used for calculations is the mean density of 
alder tree 530 kg/m3 and mean N content of wood is 0.163% (Nahalov, 2018). N load from Forestry pool 
is 931 tons.  

Input from the industry pool include wood products: calculated as input to industry from forest pool 
(11665 tons of N) + import (1933 tons of N) - export (8075 tons of N) - wood waste (879 tons of N). For 
local consumption: 4644 tons of N by wood.    

N load from Aquaculture/fishery pool that is directly consumed is assumed to be 1/3rd of the total fish 
farm production that is 29 tons of N. Another 2/3rd of the fish goes to food&feed industry pool. N load is 
thus 10 tons. It was also assumed that 20% of the total fish catch from inland surface water bodies is for 
the direct consumption by people. Direct consumption of inland and marine fish is calculated as: 1596 
(marine fish catch) + 17 (20% of inland fish catch) - 1264 (to food industry) = 349 tons of N. Total input of 
N by fish is 359 tons. 

N load from agriculture pool (798 tons) accounts agricultural products that are sold on markets and 
include: meat (350 t/N), fruits (2.5), vegetables (93), potato (352 tons). It was assumed that 10% of meat, 
50% of fruits and vegetables and 100% of potato is for the direct consumption.                          

Input from wastewater pool is represented by 79947 tons of sewage sludge compost that is used for 
landscaping. Based on the research by Kriipsalu et al (2015), the mean content of dry matter (DM) in 
compost is 47% and the content of N in compost DM is 1.9%. N load by compost is: 79 947*0.47*0.019 = 
714 tons. 

Input from waste pool is Nr in sewage sludge compost from that is used for landscaping. The amount of  
such compost in 2014 was 79 947 tons Average content of dry in compost is 47% (Kriipsalu et al., 2015) 
and the N content is 1.9%. Therefore, 79 947 * 0,47*0.019= 714 tons. 

N input by water abstraction (17 tons of N) is calculated as: mean N content in surface and groundwater 
used for human consumption (0.5 mg/l) multiplied by the mean water consumption 70 l/person/day and 
13313771 people. 

N atmospheric deposition (1172 tons of N) is calculated by multiplying the built-up area (279000 ha) with 
the area-specific mean deposition 4.2 kg N/ha/a to CORINE artificial land cover types (Ulm, 2018). Fixation 
of atmospheric N during combustion is assumed to be equal to NOx emissions that is 3448 tons. Total 
input from atmosphere 4620 tons of N/yr. 

Import of N is due to import of potato for direct consumption (4425 tons in 2014, Maaeluministeerium) 
and  natural gas (163 mln. m3) for the domestic and service sector (Konkurentsiamet, 2016). N content of 
potato used for calculations of N flow is 0.26%. N flow by import of potato is 11.5 tons. N content in 
natural gas used for calculations is 0.95%.  Import of N by gas is 1936 tons.  Total import to the pool is 
11.5+1936=1948 tons of N. 

 

 



Outputs 

Sewage load is calculated by applying mass balance method assuming that the amount of consumed 
nitrogen by people (6.96 kT) should equal to outflow of nitrogen by wastewater and food wastes (1.5 kT).  
Thus  wastewater load is 6.96 -1.5 = 5.46 kT. 

N flow to solid waste pool include food waste, mixed solid waste (MSW), plastic packaging and garden 
waste. Annual food waste production in households, the food service sector and food markets is about 
85000 tons (Moora et al., 2015a). Per capita production of waste food in households and the food service 
sector is about 54.1 kg (ca 1 kg N/person/year) (Moora et al., 2015b). Food losses from food market 
(shops) contribute 12000 tons from the total food loss (Moora et al., 2015a). Total N flow by food loss to 
waste pool is 1313+216 =1529 tons. The nitrogen content of 1.8% is applied based on Annex 6 of Guidance 
document on national nitrogen budgets (2).  The amount of municipal wastes that does not include food 
waste is 296 573 (total produced municipal solid wastes) - 85000 = 211573 tons. N content is MSW is 0.4% 
(Annex 0 (1) ). N flow by mixed MSW is 211573*0.004=846 tons.  
Another major stream of waste coming from human settlements sector is 25400 tons of plastic packaging. 
Nitrogen content in the waste is 0.4% (EPNB, 2016) and N flow by wastes:  25 400 * 0.004= 102 tons. 
Another stream include garden waste in amount of 21 778 tons in 2014 (174 tons of N). Mean nitrogen 
content in garden waste is 0.8 % (EPNB, 2016)Total N flow to solid waste pool is: 1529+846+102+174 = 
2651 tons of N. 
 
Air emission according to data provided by Estonian statistics in 2014 is 3918 tons of N. 
 

Uncertainty 

The following parameters are believed to be very uncertain: 

 Inputs of N by food and wood products and energy wood 
 N flow by waste  

Total input of N to the pool is 21.7 kT and output 12.0 kT. Likely input vary from 18 to 26 kT of N output 
from 11-14 kT of N providing likely variation of N balance between input and output flows +7 to +12 kT 
(Table 1).  

Table 1. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the human settlements pool. 

  

N flow, 
kT/yr 

Uncertainty 
factor 

Nmin, 
kT/yr 

Nmax, 
kT/yr 

From forest pool Input 0.9 1.33 0.7 1.2 
From Aquaculture pool Input <0.1    
From fisheries Input 0.3 1.33 0.3 0.5 
From Solid waste pool Input 0.7 1.33 0.5 0.9 
From Hydrosphere Input <0.1    
From Agriculture pool Input 0.8 1.33 0.6 1.1 
From Food industry Input 7.0 1.1 6.3 7.7 
From industry pool Input 4.6 1.33 3.5 6.2 



Air deposition to built-up areas  Input 1.2 1.2 1.0 1.4 
N2 fixation by combustion Input 3.4 2.0 1.7 6.9 
Import Input 1.9 1.2 1.6 2.3 

      
Sewage Output 5.5 1.1 5.0 6.0 
To Solid waste pool Output 2.7 1.33 2.0 3.5 
Air emissions Output 3.9 1.05 3.7 4.1 

 

Conclusions 

The largest input flows are from the food/feed industry pool (33% of the total input of N) and input by 
wood products from the industry pool (22%). Other input flows include import of potato and natural gas 
(9%), air deposition of N and fixation during combustion contribute 22% and energy wood from forest 
pool 4% of the total inflow of N to the pool. Major outputs of N are due to load of wastewaters (45%) and 
air emissions (33%). Outflow of N by wastes contributes 22% of the total flow.  
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Hydrosphere pool 

 

Hydrosphere pool have N inputs by diffuse load of N from agricultural and natural landscapes and treated 
wastewater load from the wastewater pool (Figure 1). Minor input flow of N origin from the 
aquaculture/fishery pool. Input of N takes place also by atmospheric deposition of N to the surface of 
water bodies. Deposition to coastal areas is not accounted as input to the studied hydrosphere pool. 

Outputs include riverine load of N to coastal waters, water consumption by industries and abstraction for 
human consumption, denitrification loss and N flow with fish catches from inland surface water bodies.  

 

 

 

 

Figure 1. Nitrogen flow to and from the hydrosphere pool (kT/year). 

 

 



Inputs 

Assessment of the diffuse load from agricultural and natural land cover types is based on the area specific 
runoff values provided by Oras et al. (2006) and Iital, et al., (2008) and land areas of agricultural and 
natural cover types (Table 1).  

Table 1. Diffuse runoff of N from agricultural and natural land cover types in Estonia. 

Land cover type Area, ha N, kg/ha N, tons 
Forests and other natural 2830500 2.45 6975 
Agricultural land 1172400 3.5-15.0 13682 

 

Total diffuse load is 6975+13682 = 20657 tons of N.  

Atmospheric deposition to surface water bodies contribute 1158 tons of N considering the mean area 
specific deposition of 4.6 kgN/ha/yr (Ulm, 2018) (Table 2).  

Table 2. N deposition in tons in 2014. 

Land cover type Area, ha N, tons N, kg/ha 
Forests and other natural 2830500 11934 4.2 
Agricultural land 1172400 5011 4.3 
Water surface 252000 1158 4.6 
Built-up area 279000 1172 4.2 
TOTAL 4533900 19275  

 

Treated waste water load to inland surface water bodies in 2014 according to the national register of 
‘Water Use’ is 620 tons of N. 

N load from aquaculture pool is calculated indirectly by using data of N flow by fish feed to fish: 37 (N in 
produced fish) /81,9 (feed N content) = 45%. To water and sediments: 52% from 81.9 tons in feed = 43 
tons (both dissolved and in solid particles in sediments). To water and sediments: 55% from 81.9 tons in 
feed = 45 tons (both dissolved and in solid particles in sediments). N load to sediments is: (81.9)*0.1= 8 
tons of N assuming that it forms 10% of the total environmental load and 45% dissolved in water (37 tons 
N). Actual amount of N that dissolves into water is smaller, considering that 17 % of the produced fish 
origin from farms with water circulation (Kalakasvatuste…, 2012): 37*0.83 = 31 tons of N dissolved to 
water.  

 

Outputs 

Riverine load to the coastal sea based on the riverine runoff monitoring data (Environmental Agency) in 
2014 was 16847 tons of N.   

Total water use by industries in 2014 was 28.71 million m3. Water consumption by the pool is 19.1 mln m3 
assuming that 2/3rd of that is used by industries other than food/feed industry. Industries use mainly 
surface waters for their technological needs. The mean content of N in surface waters in 2014 was 1.75 
mgN/l. Total input by water is 33.5 tons of N. 



1/3rd of the total water consumption (28.71 mln m3) is used by Food/feed industry. Water consumption 
by the pool is 9.56 mln m3. Food and feed industries require good quality water. The mean content of N 
in deep groundwater bodies is 0.2 mg N/l and total input of N by water is 2 tons.  

Water abstraction for settlements is calculated as: N content in water 0.5 mg/l, mean water consumption 
70 l/person/day and 13313771 inhabitants. Total input of water by abstraction is 17 tons of N.   

Fish catches from inland surface water bodies amounted 2847.3 tons in 2014 (Statistics Estonia). Total 
output of N by fish is 83 tons considering that the mean content of N in different fish species in inland 
surface water bodies is 2.9%. 

Inputs and outputs of N to hydrosphere are balanced by denitrification and biological fixation that 
contributes 5.6 kT of N/yr. 

 

Uncertainty 

N inputs to hydrosphere by treated wastewater is provided by the national register of ‘Water Use’. 
Uncertainty regarding inputs by diffuse losses from different land cover types is considerably larger. Data 
for assessment of N deposition is rather reliable based on the national precipitation chemistry monitoring 
data and modelling results.  Uncertainty level is rather low for riverine load of N to the coastal sea and  N 
flows by water consumption and fish catches due to available national monitoring data. More uncertainty 
relates to N content in different fish species.  Total input of N to the pool is 22.5 kT and output 22.6 kT. 
This minor difference between inputs and outputs relates to N flow by abstraction of water by industries 
and human settlements and fish catch from inland surface water bodies.  Likely input of N vary from 15 
to 33 kT and output from 19 to 29 kT of N providing likely variation of N balance from +/-4 kT (Table 3). 

Table 3. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the hydrosphere pool. 

N flow  
N flow, 
kT/yr 

Uncertainty 
factor 

Nmin, 
kT/yr 

Nmax, 
kT/yr 

From Agriculture pool pool Input 13.7 1.5 9.1 20.5 
From Forest pool Input 7.0 1.5 4.7 10.5 
From Aquaculture pool Input <0.1    
Atmospheric deposition Input 1.2 1.2 1.0 1.4 
From Wastewater pool Input 0.6 1.05 0.6 0.7 

      
To coastal waters Output 16.8 1.05 16.0 17.7 
Denitrification/biological fixation Output 5.6 2 2.8 11.2 
Water abstraction for Industry Output <0.1    
Water abstraction for Settlements Output <0.1   

 
Water abstraction for food&feed industry Output <0.1   

 
Fish catches to Aquaculture/fishery pool Output <0.1   

 
 

Conclusions 



Inputs and outputs of N to and from the hydrosphere pool are balanced by denitrification and biological 
fixation as an output.  Most of the N input load is by the diffuse load from agricultural landscapes that 
contributes 61% of the total input. The share of N flow from forests/wetlands is 31% and air deposition 
to the surface of water bodies 5% of the load. Denitrification process remove about 25% of the nitrogen 
entering the hydrosphere pool. Outflow of N to the sea form 75% of the total output. Minor outputs 
include  water consumption and fish catches and related N flows.  
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Industry pool 

Industry pool accounts Nr flows to and from all industrial sectors except energy production and food&feed 
industries (Figure 1). N flows involve import of materials, byproducts and waste fuel and export of goods 
and byproducts including shale oil fuel for energy pool. Major N input flows are due to use of wood, peat, 
oil shale, gas and industrial agricultural crops. Extraction of oil shale and related N flows is considered to 
be industrial activity under the Industry pool and include related inputs from extraction and outputs of 
the extraction and fuels from oil shale 

 

Figure 1: N flows to and from the Industry pool (kT/year). 

 

Inputs 

Annual consumption of oil shale accounted 20.6 mln tons in 2014  (Statistics Estonia, Kütuse tarbimine 
tegevusala ja kütuse liigi järgi). Part of it, 5.65 mln tons in 2014, was used for shale oil and oil shale gas 



production and nearly 15 mln tons is a direct flow to energy pool for incineration. Mean content of organic 
matter of oil shale is 42% and N content in organic matter is 0.33% (Arro et al., 2003). Total N input by 
extracted oil shale to industry pool for shale oil and gas production is 7886 tons and are accounted as 
input to industry pool by stock exchange. 

Input from Forest pool to industry pool include flow of N by wood and wood products and peat. Annual 
woodcutting in 2014 was 13158671 m3 (Environmental agency).  Mean wood density used for calculations: 
550 kg/m3. Use of wood (extraction of biomass from forest) in 2014 accounted 7237 th tons that is 11796 
tons of N/year considering that the mean N content is 0.163% (Nahalov, 2018).  Unused material from 
woodcutting in 2014 is 804.1 th tons and the content of N in unused material: 131 tons.  Wood output to 
industry pool is calculated as produced domestic wood minus unused wood material: 11796 - 131= 11665 
tons of N.  

Peat production in 2014: 830 th tons (16600 tons of N). Import: 2.5 th tons (50 tons of N); Export: 889.3 
th tons (17786 tons of N); Domestic consumption: 98.6 th tons (1972 tons of N). Thus, some peat produced 
during previous years was also used in 2014.  Locally produced peat to industry pool: 830 -98.6 = 734.4 th 
tons (14628 tons of N). Total input to Industry pool by wood and peat: 11665+14628=26293 tons of N. 

Input of N by technological water is calculated as a portion of the water from total consumption of water 
by industry and food&feed industry pools in 2014 that was 28.71 million m3. Water consumption by the 
pool is 19.1 mln m3 assuming that it forms 2/3rd of the total consumption. The mean content of N in 
surface water that is mainly used by the industries is 1.75 mg N/l. Total input by water is 33.5 tons of N. 

Input from the Solid waste pool include recycled wastes (wood, food, plastic and textile, organic and 
garden waste and RDF) and total amount in 2014 was 311 251 tons (Waste reporting system), including:  

Wood – 239 242*0.163%= 390 tons of N 
Food – 683* 1.8% = 12 tons of N 
Plastic and textile  - 14103*0.4%= 56 tons of N 
Organic waste – 35267* 2% = 705 tons of N 
Garden waste – 12590*0.8% = 101 tons of N 
RDF – 9366*0.4 %= 38 tons of N 
 
The total N flow of by products for recycling by industry was 1152 tons. 
 
Additionally RDF is used as an additional fuel by industry sector that amounted 59287 tons in 2014. 
Related N flow from waste pool to industry pool is 59287 * 0.4% = 237 tons of N.   
Part of the wood waste was also incinerated by industry in amount of 202291 of tons.  Related N flow is  
202291*0.163= 330 tons of N.  

The total flow of N from solid waste pool to industry pool is 1152+237+330=1719 tons of N. 

Import of raw materials and energy carriers for industry sector included wood (1933 tons of N), peat (50 
tons of N), natural gas (1228 tons of N) and explosive components (14430 tons of N). The total input of N 
by import of raw materials and energy carriers is 17641 tons of N based on the import data of goods 
(Statistics Estonia), use of natural gas by industries, energy and the domestic sectors (Konkurentsiamet, 
2016) and  the results provided by Nahalov (2018).  N contents used for the assessment of N flows are: 



0.163% (wood); 2.0% (peat); 35% (Ammonium nitrate); 16.47% (Sodium nitrate); 20.29% (Sodium nitrite) 
and 0.95% for natural gas. 

Import of waste fuel to Industry pool accounted 19739 tons of RDF in 2014 (Waste reporting system)      
that was used mainly as an additional fuel.  The content of nitrogen is RDF is similar to MSW - 0.4% (as far 
as RDF is a kind of mixture of waste with high calorific value). Total input by import of wastes: 197939 * 
0.004= 79 tons. 

 

Outputs 

N emission to atmosphere from mining and other industries except food industries was 1048 tons in 2014 
(Statistics Estonia). 

N2 emission during combustion (926 tons) is calculated by applying mass balance method where it was 
assumed that it equals to N input to the pool by N2 from atmosphere and N import minus air emissions of 
NOx, N2O and NH3. 

Extracted fuel for energy pool include oil shale gas (853.7 mln m3 and 37636 tons of N) and shale oil (29.2 
th tons and 496 tons of N). Generator gas form 623 mln m3 and semi-coke gas 231 mln m3 (Konist, 2014). 
N content is 1.5% volume and 10% volume, respectively. N flow is:  10.8 and 26.8 kT, respectively and 
total flow by gas: 37.6 kT.  Oil shale gas density is 1.16 kg/m3. Total output is 38132 tons of N.  

Output for local consumption (human settlements) include wood products. N flow is calculated as input 
from forest pool to industry pool (11665 tons of N) + import (1933 tons of N) - export (8075 tons of N) -
wood waste (879 tons of N). For local consumption: 4644 tons of N by wood.          

Output by sewage to Wastewater pool. Water use in industry was 28.71 million m3 in 2014. Average 
nitrogen content in the WWTP inlet was 90 mg N/l.  Assumption: 2/3rd of the total industrial sewage load 
(1724 tons of N) origin from Industry pool and 1/3rd (860 tons) from food/feed industry pool.  Additionally 
pumped out waters from mining areas - 273 tons of N. Total N load by sewage waters to wastewater pool 
is 1997 tons.  

The major solid waste flow from the industry pool is wood waste. The amount of wood waste generated 
in 2014 according to Waste register (Waste reporting system) was 539 306 tons. The mean nitrogen 
content of wood waste used for calculations is 0.1 %. N flow by wood waste is 539306*0.001 = 539 tons. 
Other smaller flows coming from the industry sector such as textile waste and RDF were calculated 
similarly with the wood waste flow, by applying the mean N content 0.4% for both types of wastes (EPNB, 
2016). N flow by these wastes is 5 and 224 tons, respectively. Some industries use their own wastewater 
treatment system, where sewage sludge is generated. The amount of sewage sludge generated by the 
industry sector was 28102 tons of fresh matter in 2014, which makes 28102*20/100 = 5620 tons of sludge 
dry matter (DM). Average N content in sludge is 32.1 g/kg DM. N load = (5620*32.1)/1000000 = 181 tons. 

The total nitrogen flow by wastes from industry sector is 539+5+224+181= 949 tons. 

Export from industry sector involve wood and wood products (8075 tons of N) and explosives (14430 tons 
of N) = 22505 tons of N (Data: Statistics Estonia; Nahalov, 2018). Additionally export of shale oil (603 th 



tons in 2014) contributed 10251 tons of N and presumably 90% of other exported chemicals from shale 
oil (1958 tons of N). Total export accounts 49963 tons of N. 

 

Uncertainty 

Most of the input data used for calculations origin from the national statistics. The contents of N in 
different raw materials and products origin from various data and literature sources with different quality. 
Some of the flows are calculated by applying mass balance method. Total input of N to the pool is 57.0 kT 
and output 96.7 kT. Likely input vary from 45 to 72 kT of N and output from 70 to 134 kT of N providing 
likely variation of N balance from -25 to -62 kT (Table 1).  

Table 1. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the industry pool. 

  
N flow, 
kT/yr 

Uncertainty 
factor 

Nmin, 
kT/yr 

Nmax, 
kT/yr 

Imports Input 17.6 1.1 16.0 19.4 
Import of waste fuel Input 0.1    
Extracted oil shale for shale 
oil and gas production Input 7.9 1.5 5.3 11.8 
From Forest pool Input 26.3 1.33 19.8 35.0 
Waste to Industry Input 1.7 1.33 1.3 2.3 
From Hydrosphere Input 0.0    

      
Air emissions Output 1.0 1.05 1.0 1.1 
Human settlements  Output 4.6 1.33 3.5 6.2 
To energy pool Output 38.1 1.5 25.4 57.2 
Sewage Output 2.0 1.05 1.9 2.1 
To Solid waste pool Output 0.9 1.33 0.7 1.3 
Export Output 50.0 1.33 37.6 66.5 

 

 

Conclusions 

The largest input flow (48%) of N occur due to input of wood and peat from the forest/wetlands pool.  
Extraction of oil shale that is used to produce shale oil and oil shale gas is responsible for considerable 
flow of N by these energy carriers to energy pool and accounts about 14.5% of the total input to the pool.    
Import of raw materials and energy carriers contribute 32% of the total incoming N flow to the pool. Thus, 
mentioned three flows describe nearly 95% of the total input to the pool and characterize the importance 
of N input by resources available in Estonia that are used by the industries and exported.  

Major outputs include export of goods and byproducts (52% of the total output) and extracted and 
produced fuel to energy pool (39%). Total budget (inputs versus outputs) is strongly negative (-43.3 kT of 
N) due to N flow by energy carriers (e.g. shale oil, oil shale gas) to energy pool that accounts 38.1 kT of N.  
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Transport pool 

Assessed Nr flows of the transport pool include only land and marine transport. These transport means 
use larger quantities of diesel fuel with considerably higher N contents compared to petrol fuel. The pool 
involve two input flows (consumption of imported fuel and conversion of N from atmosphere) and the 
only output flow is atmospheric emission of N. Data for the consumption of fuel in 2014 origin for the 
Estonian Statistics database and it was assumed that all fuel for land and marine transport is imported.  

1. Fuel input 

Consumption of diesel fuel for land and marine transport in 2014 was 637 th tons (of that 209.9 th tons 
transport of goods) (Statistics Estonia). Mean N content is 0.095% (Siirde, 2006). Total annual N input by 
diesel fuel is 605 t/N. 

Consumption of petrol in 2014 was 237 th tons (of that 3.8 th tons transport of goods). Mean N content 
is low: 0.00035% (http://chem21.info/info/1505759). ). Total annual N input: 0.83 t/Nr. 

Total input by fuel: 605+0.8 = 606 Nr tons in 2014. 

2. Air emission 

Air emission data is obtained from the Statistics Estonia database (Table 1). Total annual emission is 7030 
tons of Nr in 2014. 

Table 1. Emission of nitrogen from land and marine transport in Estonia in 2014 (Estonian statistics) 

Land transport Tons in 2014 Tons of N in 2014 
NOx 6696.3 2037.7 
NH3 84.8 69.8 
N2O 46.9 29.8 
Total land  2137.3 
   
Marine transport   
NOx 16041.9 4881.3 
NH3 0.1 0 
N2O 17.6 11.2 
Total marine  4892.5 
TOTAL  7029.8 

 

3. Conversion of N from atmosphere 

Distinction between the input of N by fuels and conversion of N during the burning process is difficult and 
this data is not available.  Therefore, it has been assumed that conversion of N2 from atmosphere (6424 
tons of N) is equal to the emission from the transport pool (7030 tons) minus N in used fuel (606 tons). 

 

 

 



Uncertainty 

Most of the data origin for the Statistics Estonia. The applied uncertainty factors for N inputs and output 
are presented in table 2. Data about N contents in fuels is scarce and based only on couple of literature 
sources. Applied uncertainty factor for conversion of atmospheric N and N emissions to atmosphere is 
1.33.  

Input N, tons/yr Uncertainty range, kT/yr 
Fuel input and conversion of 
atmospheric nitrogen 

7030 5.4-9.2 

Output   
Air emission 7030 5.3-9.4 

 

Likely input vary from 5.4 to 92 kT of N and output from 5.3 to 9.4 kT of N providing likely variation of N 
balance close to zero (Table 2). 

 

Conclusions 

Transport pool is responsible for quite large quantities of N to atmosphere that form nearly 7% of the 
total input to the pool from the Estonian territory.  This is partly due to increasing number of vehicles and 
shipping vessels. 
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Solid waste pool 

Waste pool accounts N inputs by wastes from industries, human settlements, waste water treatment, 
agriculture pool and imports (Figure 1; Table 1). Outputs of N are represented by N flow by compost to 
human settlements and agriculture pools, specific type of wastes to energy and industry pools, N load by 
infiltration waters to wastewater pool. The amount of leachate water generated in landfill sites and 
directed to wastewater treatment facilities is rather small.  Proper reporting of these flows and data is not 
available. Therefore, N flow by leachate water is considered to be negligible and not accounted. N flow 
occur also due to air emissions and export of wastes.  
 

 

Figure 1. N flows to and from the solid waste pool in 2014 (kT/year). 

 

 

 
Input flow of Nr 
 
Total N load by wastes to solid waste pool was 2130 tons in 2014. 19 568 tons of biowastes were 
generated in 2014. The nitrogen content of 1.8% was used for calculations based on Annex 6 of the 
Guidance document on national nitrogen budgets (EPNB, 2016b). N load by biowaste is 19568 * 0.018= 
352 tons. The amount of sewage sludge generated by treating industrial wastewater in place was 22765 
tons of fresh matter. Dry matter (DM) content of the sludge is 20%, i.e. 4553 tons of sludge DM. Average 
N content in sludge is 32.1 g/kg DM. Thus, N load by sludge is 143 tons. Additionally N flow with landfilled 



animal wastes from slaughterhouses contributed 1120 tons of N. The amount of landfilled animal wastes 
was calculated as the difference between live and dead weight of animals. Food&feed industry pool 
contributed also some fish waste that was assumed to make up 40% of the total fish input to food&feed 
industries (515 tons of N). Calculations are based on N contents provided by Annex 6 of the Guidance 
document on national nitrogen budgets (EPNB, 2016a Humans and Settlements, table 12). 

 
Industry 
The major waste flow coming from industry pool is wood waste. The amount of wood waste generated 
according to Waste register in 2014 was 539 306 tons. The nitrogen content of wood waste is 0.1 % (EPNB, 
2016a). Thus, the N flow by wood waste is 539306*0.001 = 539 tons. Other smaller flows coming from 
industry sector such as textile waste and RDF (5 and 224 tons, respectively) were calculated by applying 
the same methodology as for wood waste flow. The nitrogen content for textile waste and RDF is 0.4%. 
Some industries have their own WWTPs, where sewage sludge is generated. The amount of sewage sludge 
generated by industry sector in 2014 was 28 102 tons of fresh matter (FM), which makes  28102*20/100 
= 5620 tons of sludge dry matter (DM), considering that dry matter form 20% of FM . Average N content 
of DM is 32.1 g/kg. N load = (5620*32.1)/1000 = 181 tons. 
The total N input from industry sector is 949 tons. 
 
Wastewater treatment 
The amount of sludge generated in WWTPs in 2014 was 133 315 tons. Average dry matter (DM) content 
is 20%, (133315*20)/100 = 26663 tons/year of dry matter. Average N content of DM is 32127.8 mg/kg. N 
load = (26663*32127.8)/1000000 = 856 tons.  
 
Agriculture 
88 308 tons of organic wastes were generated by agriculture sector in 2014. The nitrogen content in 
organic waste is 2% (Sokka et al., 2004). Therefore, N input from agriculture is 88308 * 0.02= 1766 tons. 
 
Aquaculture 
N flow by fish feed From feed to fish: 37/81,9= 45%. To water and sediments: 52% from 81.9 tons in feed= 
43 tons (both dissolved and in solid particles in sediments). 
Assuming that 10% of total environmental load to sediments: (37+43)*0.1= 8 tons of N) and 42% dissolved 
in water (35 tonnes N) 
Assuming that 17 % of production is from farms with water circulation (Kalakasvatuste…, 2012): 
35*0.83=29 tons of N dissolved to water.  
Additionally to sediments: (treatment) 35-29= 6 tonnes N. Total to sediments: 8+6 = 14 tons. 
 
Human settlements 
Annual food waste production in households, the food service sector and food markets is about 85000 
tons (Moora et al., 2015a). About 54.1 kg of waste food is produced per capita in households and the food 
service sector (ca 1 kg N/person/year) (Moora et al., 2015b). Food losses from food market (shops) 
contribute 12000 tons of food (Moora et al., 2015a). Total N flow by food loss to waste pool is  1313+216 
=1529 tons. The nitrogen content of 1.8% was used based on Annex 6 of Guidance document on national 
nitrogen budgets (2).  The amount of municipal wastes that does not include food waste is  296 573 -
85000=211573 tons. N content is 0.4% (EPNB, 2016a). N flow by mixed wastes is 211573*0.004=846 tons.  
Another major stream of waste coming from human settlements sector is plastic packaging: 25 400 tons. 
Nitrogen content in the waste is 0.4% according to (EPNB, 2016a) and N flow by wastes:  25 400 * 0.004= 
102 tons. Another stream is garden waste which was generated in amount of 21 778 tons in 2014 (174 



tons of N). Mean nitrogen content in garden waste is 0.8 % based on table from EPNB, 2016a. Total N flow 
by wastes is: 1529+846+174+102=2651 tons of N. 
 
Import 
Imported mixed MSW in amount of 46362 was incinerated at Iru Power Plant.  Additionally 19739 tons of 
RDF waste was imported and used  mainly by industries as an additional fuel.  The content of N in MSW is 
0.4 and N input is 46 362 * 0.004= 185 tons. The content of nitrogen in RDF used for calculations is also 
0.4% (as far as RDF is a kind of mixture of waste with high calorific value) and N input by RDF is 197939 * 
0.004= 79 tons. The total nitrogen flow from import of waste was 264 tons in 2014.  
 
Table 1. Main N inputs in 2014 

Waste streams to the 
pool 

Production 
tons 

N 
content, 
% 

N 
content, 
tons 

Data source 

Food and feed industry -
organic wastes 
-sludge d.m. 
-fish waste 
 
-animal waste from 
slaugherhouse 

 
19568  
4553 
40% from fish 
input 
 
1120 

 
1.8 

3.2 

 
352 
146 
 
515 
 
1120 

Waste amounts are taken from Waste Register 
system (jats.keskkonnainfo.ee ) 

N content for organic waste is taken from 
EPNB, 2016b, annex 6 human settlements Table 
12 as average N content of food products  

and N content for sludge from waste water pool. 

Industry  
Textile 
Wood  
Sewage sludge d.m. 
RDF 

 
1178 
539 306 
5620 
55896 

 
0.4 

0.1 

3.2 

0.4 

 
5 
539 
181 
224 

Waste amounts are taken from Waste Register 
system (jats.keskkonnainfo.ee ) 
N contents for textile, wood waste and RDF is 
taken from EPNB, 2016a annex 0, Table 4. N 
content for sludge from waste water pool. 

Wastewater treatment- 
sludge 

133315 
26663 (d/m) 

3.2 856 N content data taken from wastewater treatment 
pool 

Agriculture 
Organic waste 

 
88308 

 
2 

 
1766 

Waste amounts are taken from Waste Register 
system (jats.keskkonnainfo.ee ) 
N content for organic waste from agriculture is 
taken from Sokka L. et al, 2004. 

Aquaculture 8 tons to 
sediments 
6 tons 
treatment 

 14 N content estimations are taken from Aquaculture 
pool. 

Human settlements 
Mixed MSW (without 
food waste) 
Garden waste 
Food waste 
Plastic packaging 

 
211573 
 
21778 
85000 
25400 

 
0.4 

 
0.8 

1.8 

0.4 

 
846 
 
174 
1529 
102 

Waste amounts are taken from Waste Register 
system (jats.keskkonnainfo.ee ) 
Amounts of food waste in mixed MSW is taken 
from Moora et al 2015 a,b. 
N contents for mixed MSW, garden waste and 
plastic packaging is taken from EPNB, 2016a annex 
0, Table 4 
N content for food waste is taken from EPNB, 
2016b, annex 6 human settlements Table 12 as 
average N content of food products 

Energy 
Oil shale ash 

 
8.6mln tons 

 
0.1 

 
8600 

 
N content estimations are taken from Energy pool. 

Import 
Mixed MSW 
RDF 

 
46362 
19739 

 
0.4 

0.4 

 
185 
79 

Waste amounts are taken from Waste Register 
system (jats.keskkonnainfo.ee ) 
N contents for mixed MSW, and RDF is taken from 
EPNB, 2016a annex 0, Table 4 



 
Total   17229  

 
Output flow of Nr 

Agriculture 
 
The compost used by the agriculture pool mainly origin from composting of organic waste and manure. 
The amount of compost from organic waste was 52022 tons and from manure 53 038 tons of fresh matter. 
The average content of dry matter is 52% for compost from organic waste and 44% for compost from 
manure (Kriipsalu et al., 2015) (5) and N content is 1.33% and 1.4%, respectively. Thus, 52022 * 
0,52*0.0133= 360 tons of N in compost from biowaste and 53038 * 0.44*0.014 = 327 tons of N in compost 
from manure was produced. Additionally sewage sludge compost: ca 740 tons of N. Total: 1427 tons of 
N. 
 
Human settlements 
 
Outputt from waste pool is Nr in sewage sludge compost from that is used for landscaping. The amount 
of  such compost in 2014 was 79 947 tons Average content of dry in compost is 47% (Kriipsalu et al., 2015) 
and the N content is 1.9%. Therefore, 79 947 * 0,47*0.019= 714 tons. 

 
Industry 
 
311 251 tons of wood, food, plastic and textile, organic and garden waste and RDF waste were recycled 
in Estonia in 2014 and returned back to industry. The mean nitrogen content of these materials is: wood 
(0.4%), food (1.8%), plastic and textile (0.4%), organic waste (2%), garden waste (0.8%), RDF (0.4).  
N flow with wastes are calculated as: 
Wood – 239 242*0.001= 239 tons of N 
Food – 683* 0.018 = 12 tons of N 
Plastic and textile  - 14103*0.004= 56tons of N 
Organic waste – 35267* 0.02 = 705tons of N 
Garden waste – 12590*0.008= 101tons of N 
RDF – 9366*0.004= 38 tons of N 
The total N flow of recycled products back to industry was 1152 tons. 
59287 tons of RDF is used as additional fuel in industry sector and related N flow accounts, 59287 * 0.004 
= 237 tons.  202291 of tons of wood waste was incinerated by industry contributing 202291*0.163= 330 
tons of N as output from the waste pool. The total N content returned back to industry from waste pool 
was 1719 tons. 
 
Energy 
 
Amount of MSW incinerated in 2014 was 263 352 tons. It includes mixed MSW, separately collected plastic 
packaging as well as imported MSW for energy that is included to imported fuel flow. Thus, input without 
import of MSW is 216990 tons and 868 tons of N. The N content of mixed MSW is 0.4% (1).  216990 * 
0.004= 868 tons of N.Export 
 



The major type of exported waste is plastic. In total 12523 tons of plastic was exported in 2014. The 
nitrogen content in plastic is 0.4% (1) and related N flow is 12523*0.004=50 tons. 
 
Atmosphere 
 
Total emission from wastewater and waste pools was 122,8 tonnes of N  in 2014.   According to Estonian 
informative inventory report, submitted under convention on Long –Range transboundary Air Pollution, 
2016, it was 85 tons of NH3 emitted from composting. Amount of N in NH3 is 14/(14+1+3) = 0.8235. 
Therefore 85*0.8235=70 tons of N. Amount of NOX emitted in 2014 was 12 tons. Average content of N in 
NOx is 0.304. Therefore, 12*0.304= 4 tons of N. Average content of N in N2O is 0,318. The amount of N2O 
emitted in 2014 was 44 tons. Therefore 44*0,318 =14 tons. Total amount of N emitted to atmosphere 
from landfilling and biological treatment was 88 tons. 
 
Table 2. Main N outputs in 2014. 
 

Waste stream from the pool Waste 
mass, 
tons 

N content, % N content, 
tons 

Source 

Wastewater treatment 
infiltration water 

N/A N/A N/A  

Agriculture 
Compost (organic waste (f.m.)) 
Compost (manure f.m) 
Compost (sewage sludge f.m) 

 
52022 
53038 

 
1.33 
1.4 

 
360 
327 
740 

N content of compost from 
agriculture is taken from Kriipsalu, 
2015. 

Human settlements 
Compost for landscaping (f.m.) 

 
79 947 

 
1.9 

 
714 

N content of compost is taken from 
Kriipsalu, 2015. 

Industry 
Recycled waste RDF incinerated 
Wood incinerated 

 
311251 
59287 
202291 

 
0.1-1.8 
0.4 

0.163 

 
1152 
237 
330 

N contents for RDF and wood waste 
is taken from EPNB, 2016a annex 0, 
Table 4 
 

Energy 
Mixed MSW incinerated 

. 
 263352 

 
0.4 

 
868 

N contents for mixed MSW is taken 
from EPNB, 2016a annex 0, Table 4 
 

Export 
plastic 

 
12523 

 
0.4 

 
50 

N contents for plastic waste is taken 
from EPNB, 2016a annex 0, Table 4 
 

Atmosphere   88 Emission data taken from Estonian 
informative inventory report) 

Total   4801  

 
 

 
 
Uncertainty 

Most of the input data for assessment of N flows origin from the national waste reporting system (JATS). 
The largest uncertainty relates to N contents in different types of wastes provided in the literature sources 
and research reports and does not necessarily represent actual contents of N in all kind of wastes.   Total 
input of N to the pool is 17.2 kT and output 4.8 kT. The uncertainty factor for N input flow is 2.2 and likely 



input vary between 8-38 kT of N. The uncertainty factor for N output flow is 1.6 and output vary between 
3-8 kT of N providing likely variation of N balance between input and output flows +5 to +30 kT (Table 3).  

Table 3. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the solid waste pool. 

  
N flow, 
kT/yr 

Uncertainty 
factor 

Nmax, 

kT/yr 
Nmin, 
kT/yr 

From Aquaculture pool Input <0.1    
From Wastewater pool Input 0.9 1.05 0.9 0.8 
From Energy pool Input 8.6 1.33 11.4 6.5 
From Human settlements Input 2.7 1.33 3.5 2.0 
Import Input 0.3 1.2 0.3 0.2 
From Industry pool Input 0.9 1.33 1.3 0.7 
From Agriculture pool Input 1.8 2 3.5 0.9 
From Food/feed industry pool Input 2.1 1.33 2.8 1.6 

      
Emission to atmosphere Output <0.1    
To Energy pool Output 0.9 1.2 1.0 0.7 
To industry pool Output 1.7 1.33 2.3 1.3 
To Consumers pool Output 0.7 1.33 0.9 0.5 
To agriculture pool Output 1.4 1.33 1.9 1.1 
Export Output <0.1    

 

Conclusions 

The largest input of N to solid waste pool is due to landfilling of oil shale ash that contributes 50% of the 
total input flow. Other major inputs include wastes from food and feed industry (12%) and human 
settlements pools (15%). Major outputs include recycled wastes (wood, food, plastic and textile, organic 
and garden waste and RDF) to industry pool (36% of the total N output). Other larger N output flows are 
mixed MSW, separately collected plastic packaging as well as imported MSW for energy production (18%) 
and compost to agriculture pool (30% of the N flow). 

N budget of the pool is positive and input exceed output of N by 12.9 kT due to particularly input and 
landfilling of oil shale ash.  
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Wastewater pool 

Accounting of nitrogen flow to and from the wastewater pool in 2014 is largely based on the data from 
the national register of „Water use“ (VEKA) and Statistics Estonia. Inputs to the pool involve all influents 
to WWTPs from the domestic sector, and industries (Fig. 1). The latter include waters pumped out from 
mines and quarries. Outputs are discharges of treated wastewaters from the WWTPs to 
hydrosphere (inland surface water bodies) and directly to the sea, N emissions to atmosphere and 
N flow by sewage sludge to solid waste pool.  

 

Figure 1. Nitrogen flow to and from Wastewater pool (kT/year). 

 

Input 

Input of wastewater from the domestic sector is calculated based on the assumption that the amount of 
N consumed by the people with food (6.96 kT of N) should equal to outflow of N by wastewater and food 
wastes (1.5 kT).  Thus, wastewater load is 6.96-1.5 = 5.46 kT. 

Assessment of the wastewater load from the food/feed industry pool and other Industries pool assumed 
that 1/3rd of the total water use in industries (28.71 million m3 in 2014) is used by the food/feed industries 
and 2/3rd by other industries. Average nitrogen content of industrial wastewaters in the inlet to WWTPs 



was 90 mgN/l in 2014. Total load from industries is 2584 tons of N. Of that 861 tons origin from the 
Food/feed industry pool.  

The load from the industry pool include pumped out waters from mines and quarries that are treated 
mechanically. According to the national register of Water Use 176 tons of nitrogen was discharged to 
inland surface water bodies from mines and quarries in 2014 after primary mechanical treatment. Average 
removal efficiency of N is about 35%. Thus N load by mining waters before treatment is 273 tons. Total N 
load from the Industry pool is: 2584*2/3+273 = 1996 tons. 

Output 

The load of N from WWTPS to inland surface water bodies and directly to the sea was 1135 tons in 2014 
(HELCOM, 2018;  VEKA- national register of Water Use). Of that 620 tonnes was discharged to inland water 
bodies and 515 tonnes directly to the sea. 

Total load of wastewater sludge to solid waste pool in 2014 was 133315 tons. Considering that the mean 
dry matter (DM) content of sludge is 20% the load of sludge dry matter is 133315*0.2 = 26663 tons/year. 
Average N content in DM of wastewater sludge form the WWTPs is 32.1 g/kg in 2014 (National register 
“Water Use). N load by wastewater sludge is: 26663*32.1/1000000 = 856 tons. 
 
Specific data about air emission of N from WWTPs is not available. Therefore, a mass balance method was 
applied: input of N by wastewater (8317 tons) - treated wastewater load to water bodies (1135 tons) - N 
in waste sludge (856 tons) = 6326 tons of N. 
 
 
Uncertainty 
 
Most of the input data for calculations is available at the Statistics Estonia or VEKA database. Specific data 
on actual use of water by different types of the industries and N flow from the industries is difficult to 
assess due to rather general data. Similarly, available statistics regarding N emissions to atmosphere from 
the pool does not include N2 emissions by denitrification. Total input of N to the pool equals to N output 
that is 8.3 kT. Likely inputs and outputs vary between 7.7 to 9.0 kT of N (Table 1) due to rather similar 
uncertainty factors. Thus, N input and output flows are well balanced. 
 
Table 1. Input and output flow of N by sources, applied uncertainty factors and likely variation of N flows 
to and from the wastewater pool. 

  

N flow, 
kT/yr 

Uncertainty 
factor 

Nmin, 
kT/yr 

Nmax, 
kT/yr 

From Industry pool Input 2.0 1.05 1.9 2.1 
From Food industry pool Input 0.9 1.05 0.8 0.9 
From Human settlements Input 5.5 1.1 5.0 6.0 

      
To solid waste pool Output 0.9 1.1 0.8 0.9 
Emission to atmosphere Output 6.3 1.1 5.8 7.0 
To Hydrosphere pool Output 0.6 1 0.6 0.6 
To coastal sea Output 0.5 1 0.5 0.5 

 



 
Conclusions 
 
Most of the N input by wastewaters to WWTPs origin from human settlements (66% of the total input).  
The industry and food&feed industry pool contribute 24 and 10% of the total N load to the pool, 
respectively.  Major output flow of N is by emissions to atmosphere that form 76% of the total output 
from the pool.  N flow by treated wastewaters to hydrosphere and the sea contribute 14% and output to 
solid waste pool 10% of the total output load from the pool.   
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