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Overview of presentation

• Background

• Introduction to acidification techniques

• Overview of Baltic Slurry Acidification Project
– Pilot investments

– Field trials

– Feasibility Studies

– Economy and environmental analyses

– Legislative analysis 

– Recommendations
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Source: Timeseries reported under NEC directive 2016/2284/EU

Ammonia emissions from EU Baltic Sea countries 
NEC Directive inventories
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Represent direct loss of Nitrogen for farmers. 

Source of Nitrogen pollution, causes Nitrogen 
build-up in sensitive areas, negatively affects 
biodiversity, has toxic effects on aquatic 
animals and causes eutrophication.

Binds to other air pollutants to create smog 
which causes significant health related costs to 
society.

Ammonia emissions from manure
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Nitrogen loss from a whole farm perspective (Kai et al. 2008)
100 kg N in pig manure

N in 
slurry

68 kg N

Animal 
houses

Manure
stores

Field 
Application

32 kg N

16 kg N

8 kg N

8 kg N

Untreated slurry

Reducing ammonia emissions 
should lead to reduced need for 
mineral fertilizers
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NH3 + H2O ↔ NH4
+ + OH-

NH3 + H+ ↔ NH4
+

NH3

NH3 + H+ ↔ NH4
+

NH3

Acid provides extra Hydrogen ions (H+)

Ammonia - ammonium balance

How can acidification help?
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Effects of slurry pH on ammonia emissions

Slurry pH
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(Jarvis and Pain, 1990)
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Slurry acidification techniques (SATs) developed in Denmark

In-house In-storage In-field
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In-house SAT, JH Agro A/S

Photo: JH Agro Kaj et al., 2008

56-70% reduction
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 Typically used just before spreading, thereby 

only reduces emissions during spreading

 Less acid use than In-house, target pH 6.0

 Some room for foaming is needed but 

experience can reduce this need

 Very mobile equipment 

 Any spreading equipment can be used to 

apply the acidified slurry

 Equipment often owned an operated by 

contractors in DK

In-storage SATs
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 Flexible system

 Least acid used of all 

systems, target pH 6.4

 Safe and simple acid 

handling in IBC tanks

 Equipment is usually 

owed by contractors

In-field SATs, acidify slurry during spreading



Jyväskylä, 2019-02-13
Source: Århus University and SEGES

Ammonia emissions from cattle slurry spread on grassland in June in DK
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Nitrogen loss from a whole farm perspective (Kai et al. 2008)
100 kg N in pig manure

N in 
slurry

68 kg N

Animal 
houses

Manure
storage

Field 
application

32 kg N

16 kg N

8 kg N

8 kg N

Untreated slurry

81 kg N

Animal 
houses 

Manure 
storage 

Field
application

Acidified slurry

9 kg N

Ammonia emissions

5 kg N

1 kg N

3 kg N

Ammonia emissions
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Baltic Slurry Acidification
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SWEDEN

• RISE (Formerly JTI) , LEAD PARTNER

• The Rural Economy and Agricultural Society

• Br Goransson AB

POLAND

• Institute of Technology and Life Sciences (ITP)

• Agricultural Advisory Centre in Brwinow Branch Office in Radom 

(CDR)

GERMANY

• State Agency for Agriculture, Environment and Rural Areas of 

the German Federal State Schleswig-Holstein (LLUR)

• Blunk GmbH

FINLAND

• Baltic Sea Action Group (BSAG)

• Association of ProAgria Centres

ESTONIA

• Estonian Crop Research Institute (ECRI) 

LATVIA

• Ltd Latvian Rural Advisory and Training Centre (SIA)

• Union “Farmers’ Parliament” (ZSA)

• Lauku Agro

LITHUANIA

• Lithuanian Agricultural Advisory Service (LAAS)

• Animal Science Institute, University of Health Sciences (LUHS)

DENMARK

• enAgro Plc

BELARUS

• Scientific & Practical Centre for Agricultural Mechanisation

RUSSIA

• Northwest Research Institute of Agricultural Engineering and 

Electrification

• Institute for Engineering and Environmental Problems in 

Agricultural Production (IEEP)

Partnership

http://www.bsag.fi/
http://zemniekusaeima.lv/wp-content/uploads/2016/02/ZSA_logo_caurspidigs.png
https://www.proagria.fi/
http://new.llkc.lv/lv
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7 planed, 2 partner dropouts, 1 new 

6 investments realized

SAT investments

Sweden

Latvia

Germany

Lithuania

Poland

Estonia
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Acidification of 
slurry

31 000 t of slurry and digestate

1325 ha various crops

Estimated reduction of -17.5 t 
NH4-N lost from ammonia 

emissions
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Field trials

•SE 3 yrs
•DE 3 yrs
•EE 2 yrs
•FI 2 yrs
•LV 1 yr
•LT 1 yr
•PL 2 yrs

+

+

+
+

+
+

+
+

+
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Field trials
• Slurry acidification saved 10-20 kg N ha-1

• Acidified slurry supplied ample or excessive sulfur to plants, no need for mineral 
sulfur fertlizers

• There were non significant trends toward increased yields some years and other
years no differences

• Acidification effects on yields can be affected by weather conditions when 
spreading and during growing season, soil nitrogen levels, and fertilization rates
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Technical feasibility studies

1. Technical bottlenecks for 
implementation 

2. Equipment corrosion
3. Buffer capacity of slurries
4. Effects on soils
5. Working environment and safety
6. Ammonia emissions

15
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http://upload.wikimedia.org/wikipedia/commons/a/a1/GHS-pictogram-acid.svg
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Economic analysis of SATs on sample farms 

Cattle and pig farms:
• In-house
• In-storage
• In-field

• Investment depreciation costs
• Acid cost
• Mineral N cost saving
• Mineral S cost saving
• Liming costs
• Storage volume decrease cost (In-storage)
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Cost savings by acidification of cattle slurry compared to 
harrowing < 12 hrs
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STUDIED SCENARIOS

• No acidification (Reference)

• Acidification In-house

• Acidification before storage

• Acidification In-field

COUNTRIES STUDIED

• Denmark

• Estonia

• Finland

• Sweden

Analysis of environmental impacts

Housing Storage SpreadingManure

Bedding

Diesel

Electricity

Acid prod
1. Acidification

In-house

2. Acidification
before storage

3. Acidification
In-field

• Climate change (GWP100)
• Potential eutrophication
• Potential acidification
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Relative environmental impact from slurry acidification
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Legislation analysis

To determine the ‘’friendliness’’ of legislative frameworks 
(of each partner-state) for implementation of SATs.

Aim:

Legislation specifics 

1 Storage cover requirement

2 Limitations of N fertilisation

3 Requirements for slurry injection 

4 Restrictions for recirculation of slurry

5 Restrictions for size/dimension of slurry channels

6 Other, currently active regulations

7 Support schemes that could be used for SATs
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Legislation analysis
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• Significantly reduces ammonia 
emissions

• Increases the nitrogen use 
efficiency of slurry

• Benefits both for farmer and for 
society

• Easy to use
• Equipment can easily be imported 

from DK

• Investment cost
• Infrastructure for acid storage 

and logistics between customers 
does not exist (inflates acid costs)

• Lack of customers
• Some years the benefits are not 

obvious to farmers

+ -

Implementing slurry acidification
perspectives from a Swedish contractor
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Recommendations

• Incentives are needed to encourage farmers to take the economic risk of 
investing in acidification technologies

• Legislation should be formulated/modified so that it is not specifically limited 
to certain techniques and thus inadvertently excludes other new ones

• BSR countries should establish national expert groups to look into the 
potential for slurry acidification to be used in national strategies for reducing 
ammonia emissions and increasing the sustainability of agriculture
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Thank you!

Erik Sindhöj and the Baltic Slurry Acidification Project

RISE – Research Institutes of Sweden
erik.sindhoj@ri.se


