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Emissions from agriculture, nitrous oxide (N,O) and methane

(CH,)

Agriculture 2015 (Swedish Environmental Protection Agency, 2016)
Unit: 103 tons CO,-eqv per year (totally 6770 103 tons/year)
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Pig slurry, different covers
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A) Slurry without crust B) Straw cover C) Plastic sheet cover




Storage and spreading of pig slurry: kg CO,,,, per pig

Greenhouse gases, kg CO2e. pig™
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. *
Slurry: MCF*, %
*Methane conversion factor= [CH, (m?) / (VS | ioage” Bo) (M3)] * 100;
B,: maximala CH, produktion for slurry per kg VS (m?3/ kg)

Cattle slurry ) MCF (%) _ |
Tidsperiod ‘-;L\;.No cru‘st 3) Straw cover C) Plastic
Period 1 (okt-april, 210 dagar) 2.0 1,5 1,9
Period 2 ‘mai—okt, 157 daiari 3.6° 3,8° 1,7
| 2,7 2,5 1,8
~ Pig slurry | _ MCF (%) ) |
Tidsperiod | A) Nocrust  B) Straw cover | C) Plastic
Period 1 (okt—april, 213 dagar) 1,6 2,3 1,2
Period 2 ‘mai—okt, 152 daiari 4,0 3,6 1,7 Rodhe et al.. 2012
2,6 2,8 1,4 JTl-rapport 402
IPCC schablonvarden (< 10°C) 17 10 10 (sv.)

RI
SE



Methane (CH,) from stored slurry:

influencing factors

Meteorological factors
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* Properties of slurry
» Temperature

* The retention time
* Inoculum
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Methane emissions from cow barn + storage in Italy and
Sweden, 50 milk cows

(Sommer, Olesen, Petersen, Weisbjerg, Valli, Rodhe & Béline, 2009)
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Measures to reduce GHGs from storage

Reduce temperature during storage (CH,, indirect N,O)

Change properties of slurry in storage: reduce pH (CH,,
indirect N,O)

Digest the manure to produce biogas to substitute fossile
energy. (Optimize the biogas plant: high CH -production
and minimize losses).
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Ongoing: Study of efficient measures to reduce temperature in
storage and thereby reduce CH, and NH; emissions

\/ * oy *
Jordbruks
Vefket Europeiska jordbruksfonden for

landsbygdsutveckling: Europa
10 investerar i landsbygdsomraden

Shadowed slurry surface

Hushallningssallskapet
. Halland and RISE
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Studied measures, temperature reduction

1. Shadowing the slurry compared to no shadow

2. Cover (plastic roof) vs no cover

3. Storage below ground level (partly) vs placed on ground

4. Relationship between depth and surface for the same volume (2 m
vs 4 m deep, 1400 m3) (used model: Rennie m.fl., 2018).

1 RISE — Research Institutes of Sweden
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The results will be presented at

"Lantbrukets godsel- och biogasdagar” i Falkenberg 24-
25 oktober 2022.
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Acidification of slurry

Addition of sulfur acid 2 to 6 litres per m3

Addition in storage: pH 5.5

13

Addition during spreading: pH 6.4



Acidification (pH 5.5), effect on CH, emissions
during storage (Rodhe mii., 2018)
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Cumulative ammonia emissions, g N/ ton

Additionally, reduce ammonia emissions, and indirect N,O

RISE-report 2019:51
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Digestion of manure in Sweden (Energimyndigheten, 2020)

Today (2020), there are about 54 biogas plants on farms in Sweden for digestion of mainly
manure, but also additional organic residues or crops. In total, 282 biogas plants.

Most of the manure (65%) is digested at central treatment plants.

In total, 6% of manure produced from cattle, pig, sheep, goat, poultry are digested per year
(1,200.000 tons manure are digested per year).

In total, 3% of the produced biogas originate from manure.
Retention time in reactor 15-30 days.

Collection of residual biogas from storage rare ( hard to get data). In Germany and Denmark
very common and often mandory. Also, much longer retention times (>100 days in Germany).

Storage of digestate identified as main source of GHGs on digestion plants (Liebetrau et al.,
2013).

Previous study shows about 3 times higher release of CH, from digested cattle slurry compared
to undigested per m3 stored during summer conditions (Rodhe et al., 2014; 2018).
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Retention time: 24 or 48 days?




Different retention times in digester, GWP,,, storage

Methane Nitrous oxide Sum
Type of Mean, g CO,eqv. Mean, g CO,eqv. Mean, g CO.,eqv.
slurry original-m-3 original-m-3 original-m-3
A)
Undigested
(CS) 11.0¢ 4.82 15.7b
B) Digested
DR1 25.82 0.1b @
C) Digested
DR2 18.4b 0.0b 18.4b
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Conclusions pilot scale storages, summer storage 5 months

Two-step digestion during 48 days reduced methane emissions from storage
with 30 percent compared with one-step digestion during 24 days.

Methane emissions from digested slurry (one-step) were about 2.5 times higher,
and two-step digested about 1.7 times higher compared with undigested slurry .

Nitrous oxide was released from the undigested slurry with thick crust, started
after about 65 days of storage.

Methane emissions from storage were about 10% of produced methane from
digester at one-step digestion, and about 6% at two-step digestion.

GWP,_ , was in increasing scale: Undigested CS < Digested DR2 < Digested DR1.
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Biogas plants, balance CO,-eqv. at digestion of bio-waste

(12 plants)
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Daniel-Gromke et
al., 2015
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Recommendations: Reducing Emissions from
storage, DK (WRI, 2021)

Requirements of more frequent removal of manure from
the barn (twice per day, like in Sweden)

Better national data — uncertainties in the emission
estimates, test of operational slurry tanks missing

Place a moratorium funding new biogas manure digesters,
not cost-efficient measure. Cease using agricultural crops.

Denmark should immediately and ambitiously test the
various options for acidification at scale.

World Resources Institute (WRI), 2021. A pathway to carbon neutral agriculture in Denmark.
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Recommendations to practice Sweden

Store cold! (imeans often small amounts in storage during summer).

Itis Hreferably with a synthetic cover to minimize the release of NH, and CH,, as well as
avoiding the risk of N,O emissions that can arise with a straw cover.

Ensuring proper digestion, e.g. through long retention time with post-digestion and/or
collecting gases in gas-tight storage facilities.

Cover of solid manure with plastic sheet reduce the N20 emissions significantly compared
to straw cover.

Acidifying slurry may be an alternative for Sweden to reduce NH, and CH,,.

Small emissions of N,0 may outnumber large emissions of CH: Validate the whole handling
chain to avoid counter- -acting.

Practice precision farming (application rate, timing, placement) to achieve low soluble
content of N in soil in autumn.

Avoid wet spots! Slurr%y injection conserve fertiliser N, with negligible NH, emissions but
gives higher release of direct N,O compared with band spreading.

Praktiska rad nr 22, 2014, Greppa naringen, Jordbruksverket. RI
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