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Energija, eksergija, pretvorba in shranjevanje

A Energija = sposobnost vplivanja na okolico (M. Planck)
A Na k o p iin peehosine oblike energije, energijske pretvorbe

A Eksergija = merilo kakovosti energije glede na stanje okolice (Z. Rant)
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kapaciteta (Prilagojeno po Ajanovic, Haas, 2018)
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L] Power-to-gas tehnologija

A Dol gorroelgnbireevz o gtéhpologij@ (godik) in biometan

A Kr at k orr ed iptaworba biomase v biometan in ma n j kgoel i Viodika e

A Podprocesi: uplinjanje biomase, pridobivanje vodika, (bio)metanacija, | i ¢ |, énjicirasje

voda
kisik
Metan
CO(39 m3/h) (260 m3/h,
) - m STP 91 m3/h,
vodik v omrezZje pE—— zg. kurilna mo¢
: 1MW)
vodik v : H2 (63,5 m3/h) METANACIISKI
plinovodno
shrambo Omreie CH4 (17,5 m3/h) REAKT,OI.:{ .
J (kombinirana CO in CO2
13- g katalitska metanacija)
MNoo
g "::THE"_‘ p = 30 bar, T = 200-700°C Vodna para
vodik kot 2S£ g2 (307 m3/h,
gorivo N SE= 86 kg/h)
£253
SZ g E
vir ogljika/CO, metanacija _

(Prilagojeno po Lambert, 2018)
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Tehnologije metanacije
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. Katalitska metanacua Bi ol oSska metanaci
00 o0z 060 00 T i
SE g)—&ﬂ ) A metanacijo izvajajo metanogene bakterije, kot vir
86 1Oz 60 COU P (p{g A1 CQoip og!jika se uporabljajo razni bioplini ali CO, ni pa to
aea nujno potrebno,
A Pri proizvodnji 1 Nm3/h metana se v primeru CO metanacije A poteka ori temp 20- 70 AC prl tlaklh od 10 bar,
sprogla 2,3 kW toplotnega toka, ,X primer CcCO fna0|

normnl pretoki vstopnlh planV so Iahko do loojkratnlkp

volumna reaktorja (proces je kompakten),

A Za zagotavl j anje ! I m v el J4qaega del £ ar opcreos' vechqn[ergoa u%"t' a v Ilé i v
potrebno vzdrgevati | im nigje tem r%ﬁnlﬂrf)vn]a hl ajenje reakt
vmesno hlajenje plinov, recirkulacija hlajenih plinov, ali
vbrizgavanje hladne pare.

Prsie menargijsn eokcg frf bloikine rndjoprikiapnel mods

1,8 kW.

Obratovalna temperatura ~ 300-400 AC 60-65 AC

L a gagona a h 4 minut a gfé‘lﬂNJ\éyr

Toleranca za kontaminante  Nizka Visoka Y26 M azz CH‘

(H,S, Oy, KOH) 200 Nri#/h H, SONNT/h
Produkt CH, + stranski produkti CH, 300 kW

L i s tpoodukta (CH,) 8 92% 98-99%

Energijska ul| iaBRovitost 58 %

Kompleksnost sistema Visoka Nizka CQ 50 Nn#/h | [ {'__I'Opl(())tan A
Skalabilnost Nizka Visoka =
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EERE

BtG + PtG

Energijska bilanca

Biomasa »| Gasifikacija |—p| CiScenie P Metanacija | Plinovodno
plina : omrezje

T 0, : [mm = —— Output CH,
Elektrika H, | 15,900 m¥h H, | 5700 m*h

11,900 m/h | l2soomnco |

: Elektroliza —12100m¥hco, |

3 I
L1100 m?h CH,

H,0

OVE Elektroliza Metanacija
(vletrna,lsonc':na, 70 0/0 78 0/0
hidro, biomasa) 25 bar 20 bar
- Elektri¢na energija
- Kemié&na energija
Izgube Uporabna toplota

Iztgube / Toplota

(Prilagojeno po G ° tetal., 2016)
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L] Pridobivanje vodika iz biomase

EERE

H, rich
syngas Gas turbine

Coal/biomass Ca0 + ash

feedstock purge
>
CaCo, '
make-up Clean
< flue gas
Gasifier Calciner High grade heat

A A

O, + Natural On-and off-
Steam gas shore CO,

storage

-\
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] Ekonomija proizvodnje biometana

Levelized cost of gas for grid injection from PtG plants at optimal load factors

300 M Injection station
Pipeline

SNG compression
250 PY M H2 compression

* W Methanation reactor
* W CO2@ 10bar

200 'S * * Alkaline electrolyzer

M Power grid connection
B Power

Total LCOX with elec tax 20€/MWh
& Total LCOX with electax 40€/MWh
# Total LCOX with elec tax 60€/MWh

150

* *

. * I
100 +— — ]
_— Biomethane production cost
. l (estimates on current low and high values)
50 —

—_— Natural gas market value

I (current and 2030 value)
0 - T T T T T T . T T T l_\

Levelized cost of fuels (€/MWhyyy)

Scenario 2015 2030 2050 2015 2030 2050 2015 2030 2050 CO, tax on natural gas
Load factor (h/year) 8,600 7,900 6,200 8,400 3,900 6,100 8,600 7,800 6,100  for2030value: 100 €/teo;
Elec price (€/MWhg)) 40.5 60.5 15.8 39.5 37.0 15.3 40.0 60.1 15.3
1 J 1 ] \ ]
I I 1
Case study Power to Hydrogen Power to Hydrogen Power to SNG
1MWy, 10 MWy, 10 MWg

(Prilagojeno po ENEA, 2016)
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CO: capture
unit

16,5 kWh

Masni in energijski tokovi pri tehnologiji “ p o wie-g a s ”

Heat 14,6 kV\{h

|

23,6 kWh
H:0:62,5 kg '\

7.2 KWh N\

\\.
N
\\

N\

Process

electricity input ﬁ H20:32,6 kg

{
‘»‘—)'/'34'
=" c0x:20,0 kg

Electrolyser

—,

| |

45 6 kWhTL 02:28,9 kg

\

2,6 kWh

exchanger/s

/

5,7 kWh

== Electrical energy [kWh]
36,8 kwh =8 Heat recovery [kKWh]
Mass [kg]
H.0: 15,5 kg ®® Chemical energy (HHV basis) [kWh]
r— mm Heat provided with electricity [kWh]

=3 Non valorized heat [kKWh]
One -stage
Methanation

130,4 kWh

TN 4TkwW

h

2,6 kWh

126,2 kWh

112,5 kWh x :
G mocuie | (K
k 14,3 kWh

1 Gesdiying 18,1 KWh

129,9 KWh

o

28kWh

Gas
separation

"
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[] SWOT analiza

i S A eas s s y20S (SKy2f23AeS o6t K12 LINBSSE T LI S
dzLI2 N} 6 NI} T fEA6YyAK 20 uporabo na trgu)

apAERNRE e e R gAa2l A Ay@SaaAoOArAcalA al0NROTAIZ LR GNB
I13z20rgt2ktyaS 2YNBOY 2LIAYAT I OA2A &aiNRO 1290 Ay Al ozfall yac
regulacije T yS12y1dNByéy2aid F2aAftyAy F2NAD2Y
oW RS- NV Wi IN-MN [ L2 Y| Yyl yeasS YZ6YyAK dz] |

Ay R2f3A2NR6YS T F@STFy2aiAa

1  potreba po shranjevanju vodika/metana

NEVARNOSTI

N} T 23ft2A6Sy2S RNHzO06 S
povezava s sistemi daljinskega

odvisnost od pogojev na trgu energetskih virov

SONRLIA1S Ay RNOI@GyS NB3IdzZ | GADS
konkurenca drugih zelenih goriv

2ROAAYy 280 2R FAYIYS6YAK &L} R0 dzR

politika kuponov za emisije ogljikovega dioksida

12y1d2NByOF T+ 2YS2SyS Y20y28GA AT NI ¢

ogrevanja/hlajenja

TYFry20ltyaS aiNRrO1 29
Al o2t20lya2SY R26l @y S
povezava s sistemi zelene mobilnosti
2LIAYAT AN Y2 yI 200 biomase
I RNHzOS @I y2SyY St S1 (N

=4 =4 =4 4 -4



Lniverza v jubljcrni
Fakulteta za strofnistvo

L] Biometan z nizkotemperaturno pirolizo s parnim
preoblikovanjem

3000 kg mokre biomase = 1619 kg suhe biomase => 371 kg biometana
1,9 kWh/kg mokre biomase = 3,5 kWh/kg suhe biomase

Wet biomass Flue gas, kg/hr
(50 wt.% moisture) coj; 72559
3000 kg/hr Alr H20=131.31
! 3363.15 kghr ’:‘%_’ gg.:«’
Water Biomass Pre- 0:= ;” 73
1380.75 kg/hr treatment N, =2294 50 To Combustor kg/hr
(Chopper,  fe—— — Sodhar CH, = 1187
Flue Gas Grinder and CO;=0.00
3765.54 kg/hr Dryer) T Non-condensable CO=000
aéusu_. l;og%w Hy =006
CO:= 12521
CO=85.67
Bio-char H; =1.07
Dry Biomass 165.01 kg/he CzHe =281
1619.25 kg/hr CoHa o 153
CyHg =031
Bio-oil
1228.79 kghr
Final product, kg/hr
Pyrolysis Solid Phase CH, =371.16 (99.5%)
(Fluidised Bed) Sepsration | Liquid Phase CO;=0.00 (0.0%)
T=500C Cydo Separation CO=0.14 (0.0%)
P=1atm fCrcoes e Ha =200 (0.5%)
1228.79 kgihe
Off gas, kg/hr
Steam 27 ba Methanation High Pressure c"é&'?gg?")
2197 61 19kgl;w =% T=300C '@ Water > g0 4e)
P=27 bar Scrubber CO=0.0(0.0%)
H2=0.0 (0.0%)

Water
2089.07 kg/hr



