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Waste water
from brewery

. Waste water treatment
' (Anaerobic process : UASB) / /

@;I’o aerobic waste water

> -y = -
E | Buffer tank _ Acidification Methane fermentation|
, _ Row gas #1
Gas engine Gas turbine
ot B — 1
it bl R Ider Desulfurizer
After wet L L Final
Refined gas #3 Refined gas #4
To Gas
1 b Pressurisation
1

=

Wet Gas
Refining

Dry Gas
Refining

Dehumidification

Poisonous elements reflnlng process area

treatment process
i i Detected Value
component | UNt 2w Gas 2#11 |Biomethane 42
CH, % 80.6 79.9
N % 1.2 3.7
Qs % 0.1 0.7
co, % 17.8 15.7
H,0 % 1.8 1.4
H,S ppm 3100 470
D ;IZI;Z),(SI;?D 6 ppm <01 <01
Cl ppm <01 0.5
B mg/Nm® <0.01 <0.01
Si mg/Nm® <0.1 <0.1
P mg/Nm® <0.01 <0.01
S mg/Nm® 0.05 0.04
As mg/Nm® <0.01 <0.01
Se mg/Nm® <0.01 <0.01
Cd mg/Nm® <0.01 <0.01
Sb mg/Nm® <0.01 <0.01
Hg mg/Nm® <0.01 <0.01
mg/Nm’® <0.01 <0.01

7HEE— LRI TimD) A A X@/ﬁ'ZEIZ'O)?E@fF?JJ

33 SIEEMDHTHOI.
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3

Gas composition before and after of the refining process

Methane [%)] Nitrogen [%] Oxygen [%)] CO, [%] Hydrogen Sulfide [ppm]
Before @ After we @ Before After we @ Before@ After we @ Before@ After we‘ Before @f\ﬂer we@ @
Refining Refining Final Refinin: 'Refining Final Refinin: Refining Final Refining Refining Final Refining Refining Final
Run.1 731 76.1 76.1 10.5 10.7 10.5 24 2.2 2.1 14.3 11.0 1.3 560 93 <0.00
Run.2 72.1 74.9 75.4 10.7 Al 11.0 1.9 2.0 1.9 15.2 11.9 11.6 210 3.8 <0.00
Run.3 74.9 77.6 77.6 8.0 8.2 7.8 1.5 15 1.5 15.4 12.5 12.9 350 11 <0.00
Run.4 79.8 81.8 82.8 7.1 71 6.6 1.2 1.2 1.1 11.9 9.9 9.5 300 8.6 <0.00
Run.5 75.5 78.5 78.2 6.7 6.9 6.7 1.2 1.2 1.2 15.8 12.6 134 320 8.6 <0.00
Average 751 77.8 78.0 8.6 8.8 8.5 1.6 1.6 1.6 14.5 11.6 11.7 348.0 83 <0.00
Methane Nitrogen Oxygen CO, gas Hydrogen Sulfide
gas concentration gas concentration - gas concentration concentration concentration
84.0 12.0 2. 180 600
o]
. —tr—t e Extremely
10.0 500
20
80.0 (5] .’/.\. 14.0 Dowu-ﬂun 1
& 780 80 .———-—'.\' 12.0 S 400 =@=Run.2
.g 1.5 ®e e e ==@=Run.3
% 76.0 . "—_ — 10.0 @® ) - @~ Run.4
2 740 @ 8.0 e RUun.5
S 1.0
72.0 U 40 6.0 D own 200
P Even .  Even
—&—Run.1 e=@==Run.2 20 === Run.1 =@ Run.2 ’ =@=Run.1 =@==Run.2 ==@==Run.1 =@==Run.2 100
680 —8—Run.3 ®—Run.4 —@—Run.3 @ Run.4 =@==Run.3 ®=Run.4 20 == Run.3 @~ Run.4
66.0 = RuN.5 0 == Run.5 i =@ Run.5 b —@==PRun.5 3
Befo‘re Aﬁ@»" WEt Final Before  After wet Final Before  After wet Final Before  After wet  Final Before After wet Final
Refining  Refining Refining  Refining Refining  Refining Refining  Refining Refining Refining
Methane [%)] Nitrogen [%6] Oxygen [%)] Co2 [%] Hydrogen Sulfide [ppm]
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Cleaned gas composition of one year

100% . _ _
i 12.4 11.7 113 10.2 9.3 97 9.7 8.5
80%
70%
60%
50%
40%
30%
20%
10%
0%
27-Dec-17 14-Feb-18 28-Mar-18 27-Apr-18 29-May-18 20-Jun-18 31-Jul-18 21-Aug-18 26-Sep-18 31-Oct-18 27-Nov-18
ECH4 mN2 mO02 CO2 mH20 mH2S mSiloxane mCl
Gas type| unit |[27-Dec-17| 14-Feb-18 | 28-Mar-18 | 27-Apr-18 | 29-May-18 | 20-Jun-18 | 31-Jul-18 | 21-Aug-18 | 26-Sep-18 | 31-Oct-18 | 27-Nov-18 | AVERAGE
CH, [%] 82.4 78.6 81.6 82.4 80.0 82.7 85.8 87.2 83.4 83.6 86.5| 83.1+4.3
N, [%] 6.6 6.8 5.3 5.2 8.3 4.9 3.9 2.6 5.6 4.3 4.0 5.2+28
0, [%] 1.0 1.2 0.9 0.9 1.5 0.9 0.6 0.4 1.0 0.7 0.7 0.9+05
CO, [%] 9.9 12.4 11.7 11.3 10.2 11.3 9.3 9.7 9.7 11.4 8.5 10.5+2.0
H,O [%] 0.09 0.10 0.10 0.04 0.05 0.08 0.08 0.09 0.05 0.06 0.07 | 0.07+0.03
H,S |[[ppm] <0.01 < 0.01 < 0.01 <0.01 <0.01 < 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 n.d.
Siloxane | [ppm] <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 n.d.
Cl [ppm] <1.0 < 1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 n.d.
Total 100.0 99.1 99.6 99.8 100.0 99.9 99.7 100.0 99.8 100.1 99.8

=SEMZBEL T, FRAZY

HZAoEEVERRBSI W ED 57,
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] Reference electrode
Air
J L ﬂ T , \ 4»-/// Pt mesh
Alumina - — N glit:t?c?;te
tube L i \; Anode
j : "~ Pt mesh
‘Seal.glass \ Referencei |
/ . electrode !
Referen}"ﬂ - Catho::le '
electrode ] O~ Anode Pt wire
| II— -|I T~ Pordus Pt h
Ni/ScSZ | mes
Electric . _ﬁ o : (_8 mm—% :
furnace Fuel e 20mm —
Setup of button cell test
Specification of button cell stack
Electrode material Thickness ainienng
temp.
Cathode [50 wt% LSM (Lay5Sry,Mn0O5)-50Wt% ScSZ 50um| 1200°C
Electrolyte [ScSZ (10mol%Sc,03-1mol%Ce0,-89mol%ZrO.) 200um _
Anode |56 wt% NiO-44 wt% ScSZ 30um| 1300°C
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1.0
0.9 -
0.8 -
= 07 -
@ 0.6 A
S
= 0.5 -
o . .
> 0.4 - Operating condition of button cell
E 0.3 - Anode gas composition Cath_ode
H- N- H-O Bio CH, Air
0.2 -+ 16ml/min | 25ml/min | 18ml/min | 9ml/min 100ml/min
0.1 il Cell temperature Current density Test Systems
; 900°C 0.35 Alcm? AutoSTK50
O-O | | | | | | | | | | | | |
O 100 200 300 400 500 600 700 800
Time [h]

Copyright ©2023 ASAHI GROUP HOLDINGS Itd. All rights reserved.
Sil4 FE RBAMNMSHE- w75 BRI N —R> 21— MRS - Rt E%E] RRBES



§6. SToIRISEL TN R BRI R\ PE
6. 3T FEREROIES

experimental setup Electricity Es_n_erating Part
7~ s,
Biogas Water
CH, Length 1,500mm
H, i Diameter 28mm
Co, L} Electrical Path
SO Fuelin
% +—— Carburetor
Tubular type SOFC — Airout Electrolyte
B & — Fuel out
Anode
—| [ Electronic load Substrate Tube
& Volt meter
L]
e Airi Anode gas composition Cathode
Air I m-,' | Electric furnace Ho CO, CcO H,O Bio CH, Air
35ml/min | 75ml/min | 6ml/min | 120ml/min | 20mI/min | 500ml/min
Tank Cell temperature Current density Test Systems
900°C 0.35 Alcm? AutoSTK50
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10,0005 B 28X 3 Eife Tt B alaR(C A1/

120%
'g, 100% ~fedebimmstaliomemi bl
- 0
% i:: Generation time :10,319 hr
b Degradation:0.3%/1000hr
g 22::0 Temperature : 900°C
i Current density : 0.35 A cm
0% . . . . : : : . : .

0 1000 2000 3000 4000 5000 6000 7000 8000 S000 1000011000

. Time [h]
2018 HEMHIRIERMRRY A

EAE : BFEHIAM T

........

FEEREE At SRS S E 201945H8H 10,000REFRERALT) LS50
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. . Preprocessin 1| Wet gas refinin
ZIN AN, AN r_—p:; ,_9, 2 Vg

p—t_ Condensate
>< >< =ikl removal
| Chiled |
O Q1O _J]ﬂ |

‘Biomethane O
gashocer -Gl L Jle BT T [

Roots Ferric oxide Roots Drain
blower desulfurization  blower NaOH bubbler Water bubbler
geparator
)
SOFC power generator Buffer Dry gas refining
- _J tank

- NN
| ‘ 8 ' —

. Columns Columns
Service tank Gas Silica gel Activated carbon  Roots blower

Compressor Dehum |d|f|cat|on
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..‘f'-h'?
X

| NaOHHORE KOS

Preprocessing Wet gas refining
Condensate
removal
& [cnired ]

L Em— | O O O O mla:’n" ; - ~ J . .
e ol ERBEREE R K)
[ aig A=

Roots Ferric oxide Roots i
Howee desulfurization ~ bower NaOH bubbler Water bubbler s

Buffer

tank

O

] c
Service tank Gas P M _ Activa
Compressor Dehumidification

| éiiéﬂ%ﬁﬁ(;ﬁiﬁm

N

XGARSH D

Copyright ©2023 ASAHI GROUP HOLDINGS Itd. All rights reserved.
Sil4 FE RBAMNMSHE- w75 BRI N —R> 21— MRS - Rt E%E] RRBES



§6. SlIFFEUIEX i ErEEE
10. EFHREATSHRICH I BRBES ERB L8

[kW] Power generation output [%] generating efficiency
250 60
200 - 50
40
150 -
30
100 - 49.5 51.4
20
0 4 10
. 25.1 25.1 0
City Gas methane-gas OCity Gas O methane-gas

0
MGT Output Principal specifications

M SOFC Output(city gas) Power generation end output (15°C) : 200kW
® SOFC output(methane) Biomethane gas on demand : 60Nm3/hr ,0.8MPa
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—=SOFC Power Output(City Gas) —=SOFC Power Output(Bio Gas)
—=Temperature of Power Generation Section (MAX)
250 1000
200 . mn | 800
175 w 700

=
u
)

100

Pwer Output(kW)
[
N
o

~
u

50

25

0

(o))
o
o

FBENAF ARV TR ERW-REIENREE L.
HMARERAWEREBEERFROER & 4 - 7=,

B
)

o

o

S O
Temperature(°C)

300

200

100

0

21/10/1 21/10/31 21/11/30 21/12/30 22/1/29 22/3/1 22/3/31 22/4/30
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s WIS TN DI 2021/11/6 309 (BX%E) bS]
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