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"
Manure biogas: Successful applications of a circualr

economy

« Manure management contributes signigficantly
to greenhouse gas emissions from agriculture
(methane and ammonia)

* AD of manure reduces emissions, while
producing biogas to replace fossil fuels as well
as digestate which can be used as an organic
biofertiliser to replace fossil fertilisers. Two
previous Task 37 reports:

« TR1712: Methane emissions from biogas plants | Task

37 | Energy from Biogas (highlights the positive
impact of slurry digestion in terms of saved
fugitive methane emissions from open storage
of manure/slurry)

 TR2008: Integration of Anaerobic Digestion | Task 37
| Enerqy from Biogas (h]ghl]ghts benef-lts for a The Biogasdoneright® concept (fraom: Dale, et al,, (2020). The potential for expanding sustainable

biogas production and some possible impacts in specific countries DOI: 10.1002/bbb.2134; Biofuels.

circular economy) Bioprod. Bioref)
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https://task37.ieabioenergy.com/technical-reports/methane-emissions-from-biogas-plants/
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https://task37.ieabioenergy.com/technical-reports/integration-of-anaerobic-digestion/

What makes for a successful application of a biogas o
system?

Availability of manure + sufficient quantities + characteristics
» profitable utilization

Factors affecting this:

« Type of animal husbandry in different regions

« Amount, accessibility and characteristics of manure are dependent on
+ type of animal,
* method of housing
+ feeding regime
» purpose (breeding or for meat/milk/egg production)
* herd size

» Viability of biogas facility
« Supply of manure (year-round)
« End market for energy and biofertiliser

m [EA
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* Although Germany has large amounts of manure
o used for biogas production, two thirds of the
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2 billion €*yr-1)
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Figure 2: Spatial distribution of manure potential, given as t per rural district. © DAFZ, 2020

Figure 6: Shares of manures used in the biogas sector in Germany
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Australia

Largest and most
relevant livestock
sectors include cattle
in both feedlots and
dairies, pigs, and

[ wheat-shesp zone
igricuttural land uses fin million hectares)
[0 Grazing native vegetatian (343)

poultry for both = e g
— oot P

meat and eggs

{
* Ewaggerated bo imprave visibility

Figure 9: Spatial distribution of agriculture in Australia; Wheat-sheep zone - Agricultural and
Grazing industries Survey, 2016, ABARES; Land use of Australia, 2010-11, ABARES, ABARES

(2019).

Table 7: Relevant livestock numbers for manure collection in Australia, sorted by State.

Cattle (beef I’ee:lm)' 1,763 213

Cattle (Dairy)® 65 145 295 182 69 54 1 ,411
Pigs (Sows): 64 59 68 2 46 37 232
Poultry (meat, head) 135,408 207,669 127,596 180,327 651,000
Poultry (Layers & Pulletsj® 7,151 9,440 7,438 286 2,002 2,288 28,606

Manure management - see

» Biogas recovery by anaerobic digestion of Australian agro-industry waste: A review -
ScienceDirect (Tait, Harris and McCabe, 2021)

«  tipstools_feasibility_052017.pdf (McCabe and McMeniman (2017)

IEA
Bioenergy

gaccess to infrastructure, and climate.

Table 5: Mumber of animals, and manure masses and methane potential from Australian
intensive agriculture industries.

Beef Feedlots Fresh & 3.040.000 12,279,168 1,426,368 1,215,514 218
(stockpiled) e 1643,416) (514,733) (303,878) (13)
Dairy cattle 1,411,000 9,820,512 1,178,461 1,013,477 200
Pigs (SPU)= 2,485,103 2,210,279 289,441 223,659 300
Chicken (meat) 651,000,000 1,119,720 895,776 772,607 390
Chicken {layers) 1,193,467 1,016,711 244,011 146, 406 360

a 1 standard pig unit (SPU) = 90 kg V5-annum-1 (Tucker, 2018);

Table 6: Amount of manure per animal and relevant characteristics

TS VS Gas yleld:
N Taypet
m3y CHet'! VS
Dairy 6.96 12 83

Mo, of animals

Per 100 kW,*

209 1,586
Beef feedlotst

(Fresh manure) 4,04 1.6 85.2 218 2,732
Beef feedlots

R 0.046 72.1 58 13¢ 249,226
Pigs (SPU)® 0.889 13.10 77.3 300 8,820
Layer hens 0.039 24 &0 390 33,408
Chicken (meat) 0.00172 80 86.25 360 512,780

Biogas energy potential using manure is substantial. However, AD of
manure is still in its infancy, albeit with increasing adoption, especially
in the pork and dairy sector.

e 2018 Success story : Biogas_Australian_Success_Story_web.pdf

Challenges include lack of financial viability, poor policies supporting
purchase agreements, complex project development and operation
conditions, inconsistent state by state digestate regulations, difficult

www.ieabioenergy.com


https://www.sciencedirect.com/science/article/pii/S0959652621010957
https://www.sciencedirect.com/science/article/pii/S0959652621010957
https://www.mla.com.au/globalassets/mla-corporate/research-and-development/documents/presentations/tipstools_feasibility_052017.pdf
https://task37.ieabioenergy.com/wp-content/uploads/sites/32/2022/03/Biogas_Australian_Success_Story_web.pdf

Austria g L

:2 , %ﬁ‘iﬁw Qﬁ _‘._ Table 8: Amount of livestock in Austria  Table 9: Mean value and standard deviation for the annual
ko) o R g 7 in 2016 amount of farm manure in tonnes of fresh matter per live-
N TOtal annual amount Of e -, S } . § 2 [TH— stock unit (LU) and the specific methane yield in cubic
. b t 31 6 ll ; O ; SR P meters of methane per ton of dry matter (Stiirmer, 2020)
manure is about 31.6 million P ey e L Cattie 1,932,748 =
LM o e [ e
. . Figure 10: Average number of cattle per holder in Austria in 2010 (Statistik, Austria) - - Cattle 18.5 1.53 167
«  Small family farms still g = — — — —
account for a large number Chicken woresas  Pouty 7.4 131 25
of farms. But their number ——— Turkeys 590,119 eepand 7 081 330
is constantly decreasing, - _ — — Othar - a7 125
while the area farmed and = N G Ostriches 526
animals kept per farm are w W o - Other poultry 35,152
.i nC reas.l n g Source Daie: 31.10.2010 m.m...s .. Other farm animals 41,176
« In 2018 the share of manure « The biogas industry has been challenged with
v~{1th1n totgl. feedstock oI af low feed-in tariffs.
b]ogas faC]l]t]eS Was 5.96. Figure 11: LU per ha of used agricultural land in Austria in 2010 (Statistik, Austria) ° Nathnal Strategy fOf' manure treatment doeS
not exist.
Table 12: Share of manure used in biogas facilities related to the energy content of the input ° The agricultu ral structure iS St'll'. based more

material (Okostrombericht, 2020) .
on small scale farms with small numbers of

Percentage of energy content of total feedstock share animals c/f high density to other regions such

Cattle slurry & dung 3.2% (54%) as in Germany, France or the Netherlands.
— — « The biggest challenge for farmers in some
Sheep, Goat, hoarse and undefined 1.0% (17%) regions with higher animal numbers is the

reduction of manure caps and reduction of

the period where manure may not be applied
to [and www.1eab1oenergy.com
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Norway

26,000 animal farms, and the number of cattle
and pigs was 863,000 and 83,000 respectively
in 2019.

The theoretical amount of manure from cattle
and pig available for biogas production has
been estimated to be 6.9 million tonnes per
year.

The realistic potential of biogas produced from
livestock manure is estimated to be 796 GWh in
2030.

Anaerobic digestion plants treating manure Manure resources available for biogas
2019) production

C ty (1000 t — 1000 tonnes SE—
apacity (1000 tonmes) } 5 ! B 1433

Bt

i 4

I E A Figure 12: Spatial distribution of manure resources and biogas facilities treating manure

Bioer

(Lyng et al., 2019 a & 2019b)

The agricultural sector has committed to reducing their
emissions by 381,000 million CO, equivalents from 2021 to
2030

Biogas production from manure has been identified as one of
the most important measures to achieve this commitment

2013 2014 2015 2016 207

mCentralised = Farm scale

Figure 13: Livestock manure used for biogas production in Morway, based on data from
Norwegian Agriculture Agency

An important barriers is lack of economic profitability of farm

scale biogas due to small volumes of manure and insufficient

income to cover the investment and maintenance costs

Despite political ambitions to increase the share of manure

used for biogas production, only 1% of the total amount is

presently treated by AD.

The support scheme per tonne of manure used for biogas

production has been a driver and can be expected to increase

the amount in the coming years and has changed status from

a pitot scheme to a permanent scheme in 2020. www.ieabioenergy.com



Canada

« Est 21.4 million tonnes of dry manure or 19.8

million tonnes VS in 2018

*  Most collected manure is land applied as fertilizer
to agricultural soils, with a small percentage
undergoing composted before application.

*  Approximately one percent of total manure
(456,000 tonnes FM) is converted into biogas and

digestate

Table 13: Animal Population and Manure Production in 2018 (ECCC, 2020)

Dry Manure
Animal Group Population in 2018 1::?D'M"m'1::
A ¥y

Beef Cow 3,704,400
Calf 3,856,750
Dairy Cow 971,000
Beef heifer-bred 615,750
Poultry: Broiler 109,531,538
Hog (> 60 kg) 4,517,500
Steer 1,381,800
Dairy heifer 434 400
Bull 218,900
Beef heifer-slaughter 807,000
Horse 291,561
Turkey 8,423,900

Volatile Solids

(kg V5*(head*day) )
8,965,455 6100
3,387,117 2.214
2,404,427 6241
1,055,770 4322
829,964 0.020
696,502 0.400
681,699 1.243
618,274 3.587
556,658 6410
445,951 1.393
393,554 3.550
257,047 0.075

RNG Potential {TAy)

Il =1 - 50
I o1 1000
| RLIEEE-

5 =

. t ¥ _

L= # 2| It estimated 40 PJ*yr-1 as the
theoretical potential for energy
from manure (based on a recovery
rate of 82%), and a more realistic
(feasible) potential to be 9.4

—===1 PJ*yr-1.

| Canadian Biogas Association has
estimated that 456,000 tonnes of
manure were treated in on-farm
7 digesters in 2020.

*| On-farm digestion of manure
began in the 2000s, supported by

b Corlorral Citic Peemaien

Figure 16: Theoretical potential for Renewable Natural Gas in Canada. Preduction by Census
Zone (Torchlight Bioresources, 2020)

Dairy Manure (Milking Cows + Replacement Heifers)
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Figure 14: Distribution of Dairy Manure by Farm Size in 2016
(VanderTaao 2021}

Figure 15: Distribution of Grower and Finishing Hog

Manure by Farm Size in 2016 (VanderZaag, 2021)

feed-in-tariff (FIT) programs that
were established in several
provinces to increase renewable
electricity production and derive
value from wastes.

Reducing GHG emissions from manure management is mentioned more
frequently as an area requiring attention in the country’s national and
provincial environmental plans.

In 2018, 7.9 Mt CO2e of GHG emissions were attributed to manure
management. A portion of these emissions could be avoided with
anaerobic digestion, however not all manure can be easily collected.
Not yet clear how GHG emission reductions from agricultural AD
systems will be calculated and attributed. Market appears to be
emerging for carbon credits to be generated from manure digestion,
makjng it difficult to speculate what level of revenuewnvwvi\%r}teabgioenergy com
contributed from the sale of such credits. ) )



Table 17: Manure properties in Ireland. - ' -

I re Ia n d BMP Methane Yield )
- O | VO | cHkavs | (mocH. )

. Th t t l n mb r f Dairy Cow Slurry 6.5-8.75 5.10-6.69 175-239 8.95-16.02 (Allen et al., 2016) ¢ The biogas indUStry in Ireland
e totat number of Beef slurry 8.44 6.76 310 21 (Allen et al., 2016) is nascent and relatively
livestock in Ireland in Sheep Hanure 3 6 171 3 (Allen et al., 2016) underdeveloped and there
2018 was 32,719,460 Pig Slurry 17 26 29 " (0'Shea et al., p ) ) )
: : 2016a) are no specific incentives in
° There are 12 AD plants Poultry Manure 51.46 9.72 28 68 (Allen et al., 2016) place
which digest manure Table 18: Biogas resource from livestock herds or flocks in Irefand - Intensive farming practices

?f:rd: Indoor Weekly Annual Gross bio- #lffﬁial aSSOCiated W]th p]g and
e e e s uuip'u{-- poultry farming are likely
[ | head |

| m | owem Juonoievst] kw | kwa | candidate for initial use in
Aw-rag-_- Herd / Flock Sizes b d t . t
Beef 44 141 0.29 257.02 6.76 3o 6.11 214 ]Ogas pro uction OW]ng Y
Dairy B3 117 0.33 147.49 6.90 219 6.51 2.28 the larger amount of manure
Sheep 185 B85 0.03 67.39 22.60 1M 2.96 1.03 ava]lable, and the
Pigs 3,099 365 0.04 6,302.04 2.60 292 54.31 19.01 . o
Poultry 15,406 356 0.81x10% 650.68 51.46 128 86.67 30.33 ava]lab] l]ty year- round‘
- Largest Average Herd / Flock Sizes*** ° Planned pI’OJeCtS SUCh as the
Beef 110 141 0.29 642.56 6.76 o 15.29 5.35 GRAZE prOJeCt Wh-lch a-lms to
Dairy 143 117 0.33 T8B.T5 6.90 39 14.77 517 .
Sheep 253 B85 0.03 92.16 22.60 1M 4.04 1.42 use blomethane from a
Pigs 50,000 365  0.04 10167857 2.60 292 87632  306.71 number of farm-based AD
Poultry 50,000 356 0.81x10  2,111.79 51.46 128 281.27 98.45 plants us.lng manure, graSS
“Electical efficiency of comined heat and power ust. 35%. = Larger herds e lockthan this o et but are not comman. silage, and food waste
Gross theoretical resource of biogas associated with animal indicate that innovative and
manure is substantial but largest share is from cattle and is only Novel methods of utilising
available in small quantities at individual farms due to small ~the significant biogas
e 17 Lvestock ppulation by county i eand 201 herd sizes and short period of time for which cattle are housed I€sSOUrce available in Ireland
IEA »  Plants use animal manure (sourced on site and off site) as well ~are being developed.
Bioenergy as additional feedstock whichdave higher methane yields and www. ieabioenergy.com

improves the financial viability of plants.
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Table 21: Percentage of annual fresh manure from gathering yards during housing

'O
Surface Dairy Sheep Poultry
cattle layers

P LY

United Kingdom

 There are 224,629 million farm :i,:,u: 7 Yearround 100
. o . ng ¥
animals which have a theoretical summer 2 Year round
o Housing winter i ki 7 Year round 100 100

output of approximately  — ! !

248,338,167 million tonnes of Collecting yards winter 9

manure a year DT AT e €2 % ; 7 % 5
rﬁ'e ‘_,3-"6 .;F& Source: Micholsen, F. et al (2010) National Inventory and Map of Livestock Manure loadings to Agricultural Land

° POtent]al for a 1 1 3 mlll]on tonnes ] . Table 22: Theoretical quantities of retrievable (t*yr-') manure
resource with a significant portion ol — = Theoretcal % collec: |  Thearecically
likely to be FYM with a high | PR

i . . « Dairy herd as slurry 136,904,565 a2 B4,880, 830
proportion of bedding material g J,, e e Beef Cattle as FYM 0,723,350 » 16,614,873
S I % o 1 — . . Pig as FYM 9,128,000 78 7,119,840
o 1% i Laying hens 2,397,262 80 1,917,810
1% % I I ¥ » ] »
Table 19: Amount of manure per animal and relevant characteristics o ~ Broilers 2,600,850 98 2,548,833

(s
1“3 o
Total N of animals to q{‘ "F@ ‘f ‘\d‘fw A 1.data from Table 19. 2.data from Table 21
Type of ’ . < w 50 : Micholson, F et al (2010) Mational | d Map of Livestock Mani Loai to icultural Land
ll\r!:-[::!:!'k number of Manure Total Manure | Volatile solids Methane produce 100 kw urees N »Fetal( ) Wational Inventory an p ure s ko Agricultural Lan
e animals electricity

_ (000's) m(CH, ) yr! _ Figure 20: Percentage of the national herds in each English administrative region

AL = Source: Defra (2020) Defra Statistics: Agriculture Facts: England Regional Profiles

i 7,077 19.345 136,904,565 10,226,771 1,891,952,636 998 . .

Al mate « Main obstacles to the development of the UK industry have been the

el 1,662 16.425 43,723,350 3,266,134 604,234,835 1,175 , A .

weeds w0 4 aoeaw  mas | mwesw | 6o Governments’ lack of a continuous policy and the stop /start nature of the

pigs e " T * o

;‘i‘gs“‘“'“g 4,569 2 9,138,000 438,624 109,656,000 11,116 Support meChanlsr.nS.' )

Sewad Lo m e e y » . SL!pport for electricity has ceased and farmers (and .others) must negotiate

S sm  ooms  zwae  seae vsaems maw with the power purchasers to secure a wholesale price.

MUY o oms 2o Lmam  smem s « However, since the Government’s adoption of a Net Zero GHG emission target
224,629 248338,167 15,757,990 3,162,753,976 for 2050 emphasis has switched to the support of biomethane as opposed to

Source: Defra (2019) Agricultural Census: Calculated from data for livestock numbers

combined heat and power facilities.

« As from the date of this report biomethane production is about to be
supported by ne Green Gas Support Scheme (GGSC) with the closure of the
Renewable Heatﬁ/ centive. www.ieabioenergy.com
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Conclusion

The strategies for manure utilization need to reflect:

e Farming structure, in particular herd size and characteristics of animal husbandry to be
targeted (intensive dairy farms);

e Long term perspective for animal husbandry in the region;

e The particular tar%et sector for biogas utilization (electricity, green gas, transport
biofuel, district heating);

o Cost structure for utilization of specific manure type with particular end use of biogas;

» Potential co-substrates and the regional impact on the utilization of these co-substrates
in AD facilities;

° SuRport mechanisms which reflect long term operation of agricultural facilities which
will have a lasting positive impact;

« Development of animal husbandry (renovated or newly constructed dairy farms) which
optimizes manure handling for usage in AD facilities;

e Impact of the measures on greenhouse gas reduction.

m [EA
= Bioenergy 12 www.ieabioenergy.com
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Thank you for your attention!
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