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KaynakChemEng Technol 2009, 32, 8, 1141153
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Figure 2. Gross calorific value of natural gas and biogas (55%y. CH).
Temperature: 15°C. Pressure: 1.01325 bar. Data adapted from (IEA, 2021).
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Methane (CHy) %vol
Carbon dioxide (CO,) %vol
Nitrogen (Nz) %vol
Oxygen (0;) %vol
Hydrogen (Hz) %vol
Higher hydrocarbons %vol
Hydrogen sulfide (H.S) ppm
Ammonia (NH;) ppm
Chlorines mg/Nm?3
Siloxane Hg/ Sdry

Table 2. Biomethane grid injection standards.

53-70 30-65 81-89
30-50 24-47 0.67-1
2-6 <1-17 0.28-14
0-5 <=3 0
NA 0-3 NA
NA NA 3.5-9.4
0-2000 30-500 0-2.9
<100 0-5 NA
<0.25 0.3-225 NA
<0.08-0.5 0<0.3-36 NA

I I A ) e e i )

L gas H gas
Gross calorific MI/m3
value
Higher Wobbe 42.48-  48.24-
index MWINm® - 4s8 56,52
Methane %vol
Carbon dioxide %vol <2
%vol
Oxygen ppmV <100
Mol%
Hydrogen %vol <6
€O, +0; + N, %vol
Water dew point  °C <-5
Water content mg/m?3
Relative humidity p
<100
Sulphur mg/Nm3 <75

' Values for Ireland are at 15°C, 1.01325 bar s

L gas H gas Limited  Unlimited
grid grid injection injection
37.8- 46.1-
468 5.5 47.7-36.3
95-99 >50 >96
<6 <6 <2
<3 <0.5 <0.5
<5 <5 <4
<5
<Ground <ambient
temperature WU AR -
-5°C
<60% <5
<30 <23 <30

36.9-
42.3
43.46- 47.2-
44.41 51.41
>80
<2.5
<0.5 <1
<12 <0.1
-10
<50
<45 <50
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Box 1: Energy content of biomethane
Methane net calorific value: 50 MJ/kg

Gaseous biomethane - standard conditions (15°C, 1.01325 barabs)

Cornpressar
Biomethane volume: 1m? A Lo AR
_Methane concentration: 97 %vol 1 e S — = (8)
Methane volume: 1* 0.97 = 0.97 m3 N'ﬂ.’,ﬁflg —— QJ
Methane density: 0.68 kg/m? B Coinarassoi — .
AT Liquid biomethane
Methane mass: 0.97 m3 * 0.68 kg/m3 = 0.66 kg : : X "_;1 A

Energy content of biomethane: 0.66 kg * 50 MJ/kg = 32.96 MJ

Gaseous biomethane - compressed (15°C, 250 barans)
Biomethane volume: 1 m3

Methane concentration: 97 %vol Gaseous biomethane
Methane volume: 1* 0.97 = 0.97 m? —l\ =

Methane density: 186.88 kg/m? @—/1_‘

Methane mass: 0.97m3* 186.88 kg/m? = 181.27 kg Sodler, Torotiie b iquid bi
Energy content of biomethane: 181.27kg * 50 MJ/kg /1000 GJ/MJ = 9.063 GJ T

Liquid biomethane (-162°C, 1.01325 barabs) Tl ! Gompressor

Biomethane volume: 1m3
Methane concentration: 99.995%vol (50 ppm CO,) “““"““““““““‘“““"“““““““““‘“(‘D‘) “““““““““““
Methane volume: 1~ 0.99995 = 0.99995 m3 bi e =D

Methane density: 424.14 kg/m? T

Methane mass: 0.99995 * 424.14 = 424.12 kg [Mp= ] C“*’

o~ Separator

Energy content of biomethane: 424.12kg * 50 MJ/kg /1000 GJ/MJ= 21.206 GJ T xr —

Cooler ©

Liquid b

Equivalent volume calculation i
1 m3 biomethane (15°C, 1.01325 barass) + 0.0036 m3 compressed biomethane (15°C, 250 bar,gs) Cocler 15
1 m3 biomethane (15°C, 1.01325 barays) - 0.0016 m? liquid biomethane (-162°C, 1.01325 bar.ps) “\r = T Cooler Cooter e (L_

Diesel (Liquid) r’%«ﬁ ]_‘\@‘ i 1 A~ D—>><)—»\.T/

Energy content of diesel: 36 GJ/m3? = 4m3 compressed or 1.70m? liquid biomethane Liquid blomethane

Petrol (Liquid) . z “ < z R
Energy content of petrol: 32 GJ/m3 = 3.53m3 compressed or 1.51m3 liquid biomethane Blyometan{ POPH I(A) {U TASEYd . dzK | NX I(@ TEWZ NWBrayton

51 yIARK Tk, | yRakkine5 1 y 3 K03 Nnde 5 | y 3 KE3 Glaude
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Figure 31. Double decker buses fueled by biomethane in Bristol;
photo from Jon Craig, Jon Craig Photography, courtesy of JBP Bristol.

‘e 16. Some biomethane powered car models. Photos: DAudi Sweden, ©Skoda and © Mats Eklunc
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Number of biomethane plants per country

31 countries in Europe have biogas

LS

plants, but only 18 have upgrading 20 1 1 6 tane [ ﬁ
units to produce biomethane. »
In 2019 a total of 725 biomethane 20 18 483 ﬁ
2019 785 °f
o,

Strong growth in the sector for Bio-

NG, BioLNG and Heating Uss 2021 ~
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EBA Statistical Report
European Overview 2019
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[ Number of Bio-LNG filling stations : 1,898.00
[l Number of Bio-CNG filling stations : 123.00
[l Total : 2021

supplier Gasum. Scania CV AB.

Figure 34. A long distance coach powered by liquid biomethane operating the Stockholm-
Oslo route. This is based on collaboration between Scania, mobility provider Flixbus and gas
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Figure 35. The large scale biomethane filling station in Warrington, UK. John Baldwin, CNG
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Digestat azot (N), fosfor (P), potasyum,kalsiyum(C3, manganez(Mn), ceA y 1 2uru madde 9.1
(zr), 6 I Y(CRiNdor (B),demir (Fe)ve nikel (Ni) gibi 0 | ferel eserelementler Nitrojen Niotal 4.6
I eP a Rehgindy . N] da%ol ve fosfor A ceS NStehifle G I NIPBESH  AmonyumN NH,-N 2,6
R1 V' 3 N kapdtdlayasie mineral 3 N 6 NBR Foidilenhi azaltmayag | vV St A Losor P,O. kglt 25
olarakdigestaté N | pofaihsivela dzy" Y I ] u | RP NJ S — K0 5.3

Magnezyum MgO 0,91

Kaynaki eitfadenBiogasFNR, 6. Edition, 2013
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Agricultyral land spreading

Composting

Nutrients recovery

Incineration
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Hydrothermal Carbonization
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____________________ e

Drying .

Drying >

Pre-treatment o

Recirculation to AD

»| Microbial cultivation/fermentation
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Fungal fermentation
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Microbial / Yeast fermentation
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Microalgae cultivation

Treatment / Recirculation to WWTP

Microalgae cultivation

Membrane-based processes
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Landfill cover, peat substitute,
landscape restoration material

Soil fertilizer/improver
Soil fertilizer/improver
Nutrients (P, N, Mg, ...)

Energy, ash

Soil conditioner, nutrients,
fuels, adsorbent media, ...

Soil conditioner, nutrients,
fuels, adsorbent media, ...

Bio-methane
Bio-pesticides

Biofuels

Biofuels, VFA, PHA,
enzymes, bio-surfactants

Fatty acids, biodiesel,
amminoacid, animal feed

Freshwater recycled

Fatty acids, biodiesel,
amminoacid, animal feed

VFA, medium-chain
carboxylic acid, lactic acid
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(ASAEManure Productionand Characteristics D384, 2005)

Parametre . N@NROo o0900. N@N]l .0 Parametre 9 0 . . 4 dzE
TKM6 1 Ik KI &8 oF v 366yP ool B C/N 9.40¢ 11.20 &% 5.80¢ 7.60
, . - Toplam N (%) 2.40¢3.60 - g 3.63¢5.307
UKMo | F ik Kie @l y 359, SN , Toplam RO (%) 1.56¢ 2.80 1.54¢ 2.90
Yhd{ IkKFe@glry 3Igg- = 8,1 ToplamK,O (%) 1.40¢ 2.31 2.50¢ 2.90
. h 1 I3k KIFE&GLY IANY O 1,3 Fe (ppm) 970¢ 1370 970¢ 1450
ToplamN6 1 3k KI @ @I y0O,1ANY 0 0,45 én ((ppm)) 12&535 28%0cf762()
. w A N , u m
Toplam PO | 3k K & Ot y 0,@4Y 0 0,078 o (Ef)m) 1902 250 370cc 200
ToplamKo | 3k KI 8 g yO,1ANY 0 0,103 Ca (%) 0.86¢ 1.11 0.80¢ 1.02
Cao |\ Ik KI & @Iy 3 Noo89 Mg (%) 0.42¢ 0.65 0.40¢ 0.56

Table 2: Default values for methane potential from animal manure (adapted from IPCC, 2019)

Default values for methane potential (Bo) (m3CH_ *kg1VS)

Region
Category of animal Nort.h Western Eastern Oceania Gther repions
America Europe Europe
High productivity Low productivity
systems systems

Dairy cattle 0.24 0.24 0.13
Non dairy cattle 0.19 0.18 0.17 0.17 0.18 0.13
Buffalo 0.10 0.10 0.10
Swine 0.48 0.45 0.45 0.45 0.45 0.29
Chicken layer 0.39 0.39 0.24
Chicken Broilers 0.36 0.36 0.24
Sheep 0.19 0.19 0.13

Uncertainty values are £15 %
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Table 1: Amount of manure per animal and relevant characteristics in a German context

AmonyakKonsantrasyonymg/L) Etki Total solids (TS) Number of animals

Amount of manure and volatile solids Biogas yield necessary for 100kW,,

50-100 I NJ NI P (VS) content (only manure)
: t Fresh TS: % FM 3wg, -1
200-1000 Y2l Nalr étkisiyok Matter (FM):T:nimal*y)-' (VS: %TS) (m3/;nnimal*yr'1)

— — - (Source: KTBL 2013) (Source: KTBL 2013) (Source: KTBL 2013)
15003000 N1 asBpar
inhibisyon
3000N T S NA Toksik

Dairy 10 (75) 800

Fattening pig 7.5 (70) 11,000

Layer hens ; 50 (70) 120,000
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