__ 3KOJ0rng ECOLOGY

YAK 631.861:631.95 B DOI 10.22314/2073-7599-2019-13-5-4-10

Slurry Acidification as a Tool to Reduce Ammonia Emissions

Erik Sindhaj', Justin Casimir’,

Ph.D.(Agroecology), chief researcher; M.Sc.(Sustainable Development and Environmental
Kalvi Tamm?, Sciences), researcher

Ph.D.(Agr.), senior researcher; Roman Uvarov’,

Aleksandr Bryukhanov?, Ph.D.(Eng.), researcher;

Dr.Sc.(Eng.), professor of the Russian Academy of Sciences, Natalia Oblomkova®,

chief researcher, e-mail: sznii@yandex.ru; researcher;

'Research Institutes of Sweden (RISE), Uppsala, Sweden;

*Estonian Crop Research Institute, Saku, Estonia;

*Institute for Engineering and Environmental Problems in Agricultural Production — branch of Federal Scientific
Agroengineering Center VIM, Saint Petersburg, Russian Federation

Abstract. Ammonia emissions are a worldwide major environmental concern. In 2017, ammonia emissions in the European part of
Russia amounted to 80.9 thousand tons, of which up to 56.9 thousand tons came from agriculture. The main source of ammonia in this
sector is the farm animal/poultry manure (slurry) utilisation technologies. Slurry acidification technology (SAT) is one of the methods
to reduce ammonia emissions. (Research purpose) To assess the potential application of this technology in the Russian part of the
Baltic Sea catchment area within the North-West Federal District of the Russian Federation. (Materials and methods) The area under
study included Republic of Karelia, Kaliningrad, Leningrad, Novgorod and Pskov Regions. The authors considered the statistical data
on the farm animal stock and the slurry output in the pilot area. The dynamic pattern of pig slurry pH was experimentally determined.
The economic efficiency of slurry acidification technology was calculated for two functioning livestock complexes. (Results and
discussion) According to statistical data, around 11.8 million tons of animal/poultry manure is produced in the pilot area annually,
including around 7.4 million tons of slurry, which could potentially be acidified. Three SAT options — in-house, in-storage and in-field
application — were considered for the Russian conditions. The main limiting factors for SAR application were identified. The SAT
introduction costs and economic benefits were compared. (Conclusions) The prospects of SAT introduction in the pilot region were
estimated. The need for the integrated research under the Russian conditions involving engineers, biologists, soil scientists, ecologists
and other specialists, who could prove the feasibility and economic efficiency of the slurry acidification technology, was established.
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Pedepar. BriOpocsr aMMuaka IpeacTaBIsioT co0oi cepbe3Hylo IpobIeMy i OKpyKarommer cpensl Bo BceM Mupe. B 2017 ro-
Iy BBIOpOCHI aMMuaka B eBporneiickoii yact Poccun coctasiuiu 80,9 ThICSY TOHH, M3 KOTOPBIX 110 56,9 THICSY TOHH MPHUILIOCH HA
CcenbeKoe X039HcTBO. OCHOBHBIM HCTOYHUKOM aMMHUAKa B 3TOM CEKTOPE SBJIAIOTCS TEXHONIOTHH YTHIM3ALUY HaBO3a KUBOTHBIX U
OTHYBETO TIOMETA (KUIKOTO HABO3a). TeXHONOTHS MOAKUCICHUS KUIKOTO HABO3a CTasa OJHUM U3 METOIOB CHHKEHHS BHIOPOCOB
ammuaxka. ([fens uccrnedosanus) OUECHATH TEPCTICKTUBBI IPUMEHEHHS ITOK TEXHONOTHH B POCCUHACKOM 4acTH BogocOopHOro Oac-
ceitna banrniickoro Mops B npenenax Cesepo-3ananHoro denepansHoro okpyra Poccuiickoit @enepaunu. (Mamepuanvt u memo-
0vl). VccmenoBanu TeppuTopHo, BKIovaromyto Pecryomuky Kapenus, Kamununrpanckyto, Jlenunrpaackyto, Hosroponckyio u
[IckoBcKyto 00macTi. ABTOPBI PACCMOTPEIH CTATUCTHYECKIE JAHHBIE O CTPYKTYPE TOTOJNOBBS CENbCKOXO3MHCTBEHHBIX KHBOTHBIX
1 00IIIeM KOJM4eCTBE (BBIXOJIE) KHUAKOTO HaB03a B MUJIOTHON 30HE. DKCIEPUMEHTAIBEHO ONPEIENIN JMHAMAYECKYI0 KapTuHy pH
HaB03a CBUHEH. PaccunTarmm skoHOMITIecKyI0 3 (heKTHBHOCT TEXHOTIOTHH ITOKICICHHAS )KUIKOTO HAB03a IS ABYX JICHCTBYIOIINX
’KMBOTHOBOIUECKUX KOMILIEKCOB. (Pe3yrbmamul u 06cysicoenue) CoracHO CTaTUCTUYECKUM JaHHBIM, B TUJIOTHON 30HE €XKETOAHO
HpOU3BOAUTCA OKOJIO 11,8 MUIIMOHA TOHH HaBO3a ¥ ITUYLETO NIOMETA, B TOM YMCIIE OKOJIO 7,4 MUILUIMOHA TOHH XHIKOIO HaBO3a,
KOTOPBIi MOTEHIHATBHO MOXKET OBITH TIOAKHCIEH. {711 pOCCHIACKHX YCIOBHI PaccMOTPENH TPH BAPHAHTA TEXHONOTHI OKUCIE-
HUS XKUJIKOTO HaBO3a: B CTAIIMOHAPHBIX YCIOBHUAX, B IEPHOJ] XPAHEHHUS U B TIOJIEBBIX YCIOBUAX. ONpeaenuan 0CHOBHbIE OTpaHHYH-
Baromye HaKTopsl AN MPAMEHEHHS TEXHOIOTUH OAKUCIEHHS XKHUAKOTO HaBo3a. COTOCTABIUIH 3aTPaThl Ha BHEAPEHIE TEXHONIO-
TUH TIOAKUCTICHUS KUKOTO HABO3a U PACCUUTAIN IKOHOMUYECKas 3P()EeKTHBHOCTD. (Bb1600vi) OLEHUIM NEPCIEKTUBBI BHEAPSHHUS
TEXHOJIOTHH MOJKUCIICHAS XHIKOTO HAB03a B MIJIOTHOM PETHOHE. YCTAHOBIIIM HEOOXOXUMOCTS IIPOBEACHMS KOMILIEKCHBIX HCCIe-
JI0BaHHH B POCCUHCKHX YCIOBUSX C YUACTHEM HHKEHEPOB, OMOIOTOB, TOYBOBEIOB, SKONOTOB H JPYTHX CIICIUAIACTOB, KOTOPHIE
MOIIIH OBl JI0Ka3aTh 11e7eCO00Pa3HOCTh M SKOHOMHUYECKYHO 3(P(PEKTHBHOCTH TEXHOIOTUU TOAKUCIIEHHUS KUIKOTO HABO3A.
KitoueBble c10Ba: HaBO3, XUIKUI HABO3, TOAKKMCIIEHIE, BLIOPOCH aMMHuaka, CeBepo-3amaiHblil henepalibHbIi okpyT Poccuiickoit
®eneparmm.
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mexnonozuu. 2019. T. 13. N5. 4-10. DOI 10.22314/2073-7599-2019-13-5-4-10.

nrecent years, the need to improve the environmental

compliance of production has become increasingly

important. Owing to higher intensification, substantially
more products are produced. At the same time, the increased
pressure is being placed on the environment, with agriculture
contributing greatly in this respect: agricultural facilities
account for above 80% of ammonia emissions [1, 2].
According to the European statistics, the total ammonia
emission in the EU countries steadily increased from 2012
to 2017, primarily, due to more intensive agricultural
sources (Fig. I).

The current Russian agriculture features the strong
growth associated with the importance to ensure the food
security of the country. In 2017, ammonia emissions in
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Fig. 1. Ammonia emissions in EU countries in 2012-2017 (Data
from Centre on Emission Inventories and Projections — CEIP)
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the European part of Russia amounted to 874.5 thousand
tons against 793.7 thousand tons in 2012, of which up to
748.9 thousand tons came from agriculture against 692.0
thousand tons in 2012 (Fig. 2).

At the present time, the transition to the best available
technologies (BAT) system as a tool to minimize the
adverse environmental effect of livestock farming is
underway in Russia. In farming, the animal/poultry manure
utilization processes pose the main threat to the ecological
balance. Available practices to reduce emissions during
animal/poultry manure processing and spreading (covered
storages, timely incorporation of organic fertilizers after
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Fig. 2. Dynamic pattern of ammonia emissions from various
sources in the European part of Russia in 2012-2017 (Data from
CEIP)
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their surface spreading, extensive use of injectors, etc.)
cannot dramatically change the situation as they are not
used widely enough [3, 4].

Institute for Engineering and Environmental Problems
in Agricultural Production (IEEP) — branch of Federal
Scientific Agroengineering Center VIM is an active
participant in international projects aimed at improving
the environmental compliance of agricultural production.
The Institute regularly studies the foreign experience on
existing and emerging practices for reducing emissions
associated with agricultural organic waste processing.

Slurry acidification is one of the promising technologies
for reducing ammonia emissions associated with agricultural
waste processing. In recent years, this technology is
becoming increasingly common in the Nordic countries.
It was first proposed by S.C. Jarvis and B.F. Pain in 1990,
who found that under pH values close to 5, the ammonia
emission from the slurry did not exceed 1-2% [5]. The
studies of various types of slurry revealed the sulfuric
acid (H,SO,) with the concentration above 94% to be the
most suitable substance for lowering slurry pH [6].

In 2016-2019 EU Interreg Baltic Sea Region project
“Baltic Slurry Acidification” was implemented by 20
teams from Baltic Sea countries, with the main objective
being to promote the implementation of slurry acidification
techniques (SATs) throughout the Baltic Sea Region to
reduce the airborne eutrophication and to create a more
competitive and sustainable farming sector. Russia and
Belarus were invited to participate in the project to identify
the possibility of using SATs in these countries.

THE RESEARCH PURPOSE is to assess the perspectives
of slurry acidification in Russia in the case study of the
Russian part of the Baltic Sea catchment area within the
North-West Federal District of the Russian Federation.

MAaTERIALS AND METHODS. The Russian part of Baltic
Sea catchment area was chosen as the pilot region since
the geographical and climatic conditions are much similar
to other Baltic countries, which carried out a similar
assessment in the framework of the Baltic Slurry Acidification
project [7]. The pilot region included the Republic of
Karelia, Kaliningrad, Leningrad, Novgorod, and Pskov
Regions (Fig. 3). As of the end of 2017, the pilot region
housed 2,345 thousand head of cattle, 15 thousand head
of sheep and goats, over 39 million head of poultry and
above 1,300 thousand head of pigs. The animal and poultry
stock produced in total about 11.8 million tons of animal/
poultry manure, of which 7.4 million tons (62%) were
slurry and could potentially be acidified.

The economic assessment of SAT was carried out for
two pig-rearing enterprises in the pilot region. The
assessment results were compared with the economic
effect calculated by Estonian Crop Research Institute for
a pig farm in Estonia.

Experimental studies were carried out in the analytical
laboratory of IEEP. The physical and chemical composition
of'the test samples was determined in accordance with the
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relevant State Standards in force in Russia. The obtained
experimental data were processed by the methods of
mathematical statistics.

The economic efficiency of SAT applied on a particular
operating farm was calculated using a mathematical model
developed by the Estonian Crop Research Institute in the
framework of Baltic Slurry Acidification project [8]. The
environmental impact fee was calculated following the
methodology of Research Institute for Atmospheric Air
Protection (Russia). The pollution fee for atmospheric
ammonia emissions from manure processing facilities is
calculated by the gross ammonia emission from manure
during the processing and the established payment rates
for ammonia emissions into the air from stationary sources
by the formula [9]:

PNH3= GNHJ‘SNHf M
where Gyy, — gross ammonia emission into the atmospheric
air from the processing, t/year;

S, — payment rate for ammonia emissions into the
air from stationary sources 1.95 euros/t.

The gross emission of ammonia during the processing
of raw pig slurry is calculated by the formula:

GNH3=31‘5'1076' 9o Vi Ky ()
where Gy, — gross ammonia emission into the atmospheric
air from the processing, t/year;

q.v — average filling of manure storage facilities per
year, t;

vu— specific ammonia emissions from pig manure into
the air, microgram/t dry matter;

K4— wet to dry matter conversion factor;

31.5-10 ° — conversion factor of microgram/s to t/year.

The gross emission of ammonia during the processing
of the liquid fraction of pig slurry is calculated by the
formula (3):

>z

Repubic of Kaveta

Fig. 3. The pilot region for assessing the potential application of
SATs in Russia — the Russian part of the Baltic Sea catchment area
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n=1
where N, — the number of selected gradations of the average
wind speed u related to the standard height of the weather
vane z,= 10 m;

P,—dimensionless (in fractions from 0 to 1), repeatability
of n-th gradation of wind speed;

M, ;;—emission rate of the substance in question from
the j-th source for the concentration and the average wind
speed u, assumed to be equal to the mid-point of the n-th
gradation, g/s;

31.5 — conversion factor of g/s to t/year.

REesuLTs AND DIscussioN. The main slurry processing
technique in the region under consideration is the long-
term storing (maturing) — above 90% of agricultural
enterprises consider it as a basic slurry utilisation technology.
The widespread use of this technique would make it possible
to introduce SAT in the storage facilities with their minor
reconstruction. However, the specific national feature is
that manure storages are much larger than those used in
the Baltic Sea countries; therefore, the homogenization of
acidified slurry would be challenging.

About 90% of the liquid organic fertiliser produced
from slurry are applied by spraying. In 2012-2017, the
share of band spreading increased significantly from 2%
to 9% of the total liquid fertilisers applied. The remaining
application techniques account for 3-4% (Fig. 4). Above
60% of the liquid fertilizers are applied for supplementary
fertilization of perennial grasses; 40% of the liquid fertilisers
are applied during the ploughing before the perennial and
arable crops seeding and incorporated within 1-2 hours
after application.
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Fig. 4. Share of different application techniques of the liquid
organic fertilizers produced from slurry in the pilot region (Data
from CEIP)

Three options of SAT are distinguished [6, 10]:

* In-house acidification: the sulfuric acid is added to
slurry in a covered treatment tank outside the livestock
house under stirring to reach a fixed pH level of 5.5. Part
of acidified slurry is returned to slurry channels, where it
mixes with the new slurry, and part is discharged to the
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storage. The average application rate of the acid is 3-4
litres per one ton of slurry.

* In-storage acidification: the acid is added to the storage
tank or lagoon under heavy mixing to reach a pH level of
6. Much foam is produced upon the addition, and its removal
is the main constraint of this acidification option. The
entire amount of slurry may be acidified in the main storage
or a part of it is intensively acidified in the buffer tank and
mixed with the slurry in the main storage. The acid
consumption is 2-3 litres per one ton of slurry.

* In-field acidification of the slurry: the acid is added
to the slurry immediately before the soil application, in a
static mixer installed in the output of the slurry tanker.
The acid consumption is 1.5-2.5 litres per one ton of slurry
to reach the pH of 6.4.

SAT is widely used in Denmark. Today, about 16% of
all slurry produced in Denmark is SAT-processed [11].
During the field trials in Sweden in 2016-2017, the acidified
slurry application contributed to 22.2% higher green mass
yields compared to reference and 8.6% higher green mass
yields compared to the non-acidified slurry application
[12, 13]. This increase is owing to better nitrogen saving
in the acidified slurry, and, accordingly, its greater nutri-
tional value.

Our studies showed that under conditions of the North-
West Federal District of the Russian Federation the in-
field acidification was the most technically feasible
technique, however it required the substantial upgrading
of the available machine and tractor fleet [14]. The increased
wear of equipment, associated with the high acidity of
applied slurry, and higher qualification requirements for
the personnel involved should be taken into account as
well. The main challenge in introducing this slurry
acidification technique may be the serious safety requirements
for transportation and use of aggressive acids, sulfuric
acid included.

The in-house acidification is also challenging, as on
the operating livestock farms the pumping of slurry back
to the livestock house is not technically feasible. Moreover,
there are several regulatory restrictions to this process.
However, in some special cases, for example, when a flash-
flume system is used, this technique can be successfully
implemented.

The next stage of the work was the laboratory analysis
of pig slurry samples, their physical and chemical composition
(Tab. 1). Sample 1 was non-separated pig slurry taken at
the exit from the pig house; Sample 2 was the liquid fraction

Table 1

PHYSICAL AND CHEMICAL COMPOSITION OF THE SLURRY SAMPLES
UNDER STUDY
Indicators Sample 1 Sample 1
Dry matter/, % 13.0 3.5
pH 8.1 6.4
Nia1 content, % 0.840 1.540
Including ammonium nitrogen 0.495 0.477
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of the pig slurry taken at the outlet of the separator. The
samples were taken within 48 hours prior to the study.

The dry matter content in the test samples was determined
by drying in accordance with the State Standard GOST
26713-85 “Organic fertilizers. Method for determination
of moisture and dry residue”; the acidity (pH) was determined
using Expert-001 3 (01) fluid analyzer in accordance with
the State Standard GOST 27979-88 “Organic fertilizers.
pH determination method”; Ntotal content was determined
by the photometric method in accordance with the State
Standard GOST 26715-85 “Organic fertilizers. Methods
for determination of total nitrogen”; the ammonium nitrogen
content was determined using an Expert-001 3 (01) fluid
analyzer in accordance with the State Standard GOST
26716-85 “Organic fertilizers. Methods for determination
of ammonium nitrogen”.

To reduce slurry pH to 5.5, the sulphuric acid with 96%
concentration was added to Sample 1 at the rate of 3.7 I/'m’,
and to Sample 2 at the rate of 1.2 I/m’. (Fig. 5).
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Fig. 5. Pattern of pig slurry pH change during the experimental
study

A gradual pH increase was observed during the first
day up to 6.1 (Sample 1) and 5.9 (Sample 2). No significant
fluctuations were observed during the rest 12 days. This
may support the assumption about the key role of the
uniform acid distribution over the entire volume of the
treated slurry in order to eliminate or minimize the re-
acidification. The higher pH of Sample 1 after acidification
was caused by the higher dry matter content of slurry
compared to Sample 2 (Tab. ). The dry matter has pH
buffering effect after the slurry acidification.

A decrease in the ammonia emission was also established.
However, additional research is required over a longer
time-period to obtain the reliable data. At the same time,
significant foaming when adding the acid to the slurry
should be considered. This occurs, presumably, as a result
of gas emission during the decomposition of carbonates.
This issue also requires additional investigations.

To estimate the annual economic effect of the in-storage
SAT application, the ECRI mathematical model was used.
This effect is based on the condition that SAT application
will save more nitrogen in the organic fertilizer and increase
the sulfur content, thereby reducing the purchasing costs
of relevant mineral fertilisers. The annual economic effect
was calculated for the entire technological chain: animal
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housing system, slurry storage and processing systems,
and slurry application technique (7ab. 2).

The estimated economic effect of SAT introduction is
defined as the difference between the costs related to
preparation and application of organic and mineral fertilizers
in order to obtain the target yields by the traditional
technology and using an additional slurry acidification
unit. At the same time, the SAT introduction costs are
offset by the reduced requirement for nitrogen and sulfur
application with the mineral fertilizers through the lower
loss of ammonium nitrogen and higher sulfur content in
the slurry. Nitrogen loss reduction and corresponding
slurry nitrogen content increase is calculated for the entire
production cycle with due account for the applied environmental
measures, for example, covered storages, slurry injection, etc.

The economic effect of the in-storage SAT introduction
was calculated for two Russian pig-rearing complexes.

The first pig complex had the animal stock of 105,000
head and the complete production cycle including the long-
term slurry storing (maturing) in film lagoons. The complex
applies the technology of non-separated (raw) pig slurry
processing. The estimated SAT introduction costs would
be 122,375 euros per year. According to formulas (1) and
(2), the pollution fee is 164 euros per year that is 747 times
lower than the SAT introduction costs.

The second pig complex had the animal stock of 108,000
head and the complete production cycle, with the slurry
being separated into fractions and the long-term storing
(maturing) of the liquid fraction in concrete lagoons and
the passive composting of the solid fraction in piles. The
estimated SAT costs of the liquid fraction would be 42,689
euros per year. According to formulas (1) and (3), the
pollution fee is 8.88 euros per year, i.e. 4,800 times lower
than the SAT introduction costs [15].

The results obtained were compared with the similar
calculation for a pig farm in Estonia made by Estonian
Crop Research Institute. The cost-effectiveness of SAT
calculated for a fattening pig farm with the animal stock
of 40,000 head located in Estonia and governed by EU
Directives amounted to 44,000 euros per year achieved,
primarily, by reducing the cost of mineral fertilizers
purchased.

ConcLusions

The study performed in IEEP —FSAC VIM demonstrated
the certain promise of the slurry acidification technology
application under conditions of the pilot region, where 7.4
million tons of slurry are produced annually. The available
material and technical facilities allow for SAT introduction
if they are upgraded.

According to the preliminary analysis of the situation
in the agricultural sector and current relevant legislation,
the in-storage and in-field slurry acidification options had
more prospects for the introduction. The economic efficiency
estimation, however, revealed the lower cost of mineral
fertilizers purchased for crop and fodder production to be
the key factor affecting the SAT attractiveness. When the
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EsTiMATION THE ECONOMIC EFFECT OF SAT INTRODUCTION

Table 2

Values

Indicators

Russian Federation ‘

Estonia

Capital costs of SAT introduction

OrumSmeden equipment set, which is a system for the acid supply from the tank to the storage;
mounted on a mixer.The cost is 14,000 euros per set

Operating costs:

maintenance costs 60 euros per year

60 euros per year

labour costs of service personnel

at a wage rate of 3.6 euro per hour, the labour
costs to process 1 m® of slurry are 0.002 euros

ata wage rate of 7.39 euro per hour, the labour
costs to process 1 m® of slurry are 0.005 euros

fuels, lubricants and electricity costs
associated with slurry acidification

0.36 euros per 1 m® of slurry

0.59 euros per 1 m*® of slurry

Other costs:

purchase costs of work clothes, protective

Jevices 160.55 euros per year

160.55 euros per year

additional costs associated with slurry
storage*

0.01 euros per 1 m® of slurry

0.01 euros per 1 m® of slurry

purchase and transportation costs of

nitrogen-containing mineral fertilisers nitrogen

523 euros per ton of mineral fertiliser

720 euros per ton of nitrogen within mineral
fertilisers

purchase and transportation costs of sulfur-

containing mineral fertilisers sulphur

150 euros per ton of mineral fertiliser

148 euros per ton of mineral fertiliser
sulphur

additional soil liming costs**

20 euros per ton of dolomitic meal

16.7 euros per ton of lime

sulfur acid purchase costs associated with
slurry acidification

0.155 euros per litre of acid

0.216 euros per litre of acid

operating storage;

* Due to intensive foaming, the additional storage volume is to be provided for when constructing the storage facilities that increases the maintenance costs of the

** Theoretically, 1 to 1.8 kg of lime per liter of acid consumed is required depending on the soil type. The actual need for liming also depends on the soil properties. The
project field experiment results did not show the significant soil acidification due to the use of acidified slurry

primary objective of the farm is to utilize the manure
produced without the possibility of growing a part of the
fodder on its own fields, the SAT costs are many times
higher than the economic effect of lower pollution fees.

Along with the advantages of SAT introduction, several
limiting factors should be noted:

* stricter requirements for working with especially
hazardous substances and precursors, namely sulfuric
acid;

» the need for additional liming of soils at the estimated
rate of 1.0-1.8 kg of lime per 1 liter of acid.

Taking into account the current environmental legislation
and the low interest of livestock enterprises in the more
efficient use of organic fertilizer nitrogen produced, SAT
introduction seems somewhat premature in Russia. The

positive experience of using this technology in the EU
countries, however, allows attributing SATs to the realizable
technologies. The transition to BAT system, which would
govern the activities of large-scale pig and cattle complexes
in Russia, suggests that in the near future, the interest in
such technologies should increase. At the moment, the
livestock complexes are more concerned about the reduction
of odorous emissions than in lower nitrogen loss.

As Russia does not have the experience in SAT application
so far, the integrated research is required under the Russian
conditions involving engineers, biologists, soil scientists,
ecologists and other specialists who could prove the
feasibility and economic efficiency of this slurry treatment
technique.
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