LAMPIRAN

A. PROSES PEMBUATAN BIOGAS

(1) Pengambilan kotoran sapi di

peternakan sapi (2) Proses pembuatan biogas

(3) Pengambilan limbah cair tahu di
industri rumahan

B. PERANCANGAN ALAT

(1) Design rancangan prototipe alat (2) Prototipe alat pereduksi CO;
pereduksi CO,

38



225

(3) Sketsa reaktor biogas

o0

(5) Sketsa kolom larutan NaOH

@5

(7) Sketsa kolom karbon aktif

{

(9) Sketsa gas holder

REAKTOR DIGESTER
. BIOGAS

R Y

(8) Kolom karbon aktif

(10) Gas holder
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(11) Sketsa flowmeter

C. PROSES PEMBUATAN ALAT

o g

N

(3) Proses pembuatan reaktor

D. PEMBUATAN LARUTAN NaOH

(1) Menimbang NaOH (2) Penimbangan untuk NaOH 1 M
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(3) Penimbangan untuk NaOH 3M (4) Melarutkan NaOH dengan

aquadest

E. PENGAMBILAN DATA

F. PROSES TITRASI CO;

(a) Sebelum titrasi (b) Sesudah titrasi (c) Proses titrasi
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G. HASIL DATA PORTABLE GAS ANALYZER

€ysauermann
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SiCa-230
102202000522

16:03 - 05/08/2022
Biogas

02 19.47 X
co 0 ppm
N0 === ppn
NOx === ppm
802 0 ppm
CxHy 0.000000 ppm
c02 1.3 %
Eff. (eta) 101.3 X
T flue 31.0 °C
T air 3B3.2 °C
deltaT S FE .
Draft 134 Pa
X Air el |
Smoke 2
Notes :
SiCa-230
102202000522
16:02 - 05/08/2022
Biogas
02 20,73 X
co 0 ppm
Nn - ppm
NOX == .
) 0 ppm
CxHy 0.000000 ppm
02 0.2 %
fff. (eta) 1080 ¥
T flue 3.1
T air 3.2 ,C
deltal 1.7 T
Draft 134 Pa
X Air — X
Smoke 5
Notes :

§iCa-230
102202000522

11:17 - 05/08/2022
Biogas

02 18.83
co 3
NO 0
NOx 0
802 0
CxHy 787282600000
o2 1.8
Eff. (eta) 100.0
T flue 29.8
T air it
deltaT Sz

b 1

ppm
Ppm
PRm
Ppm
ppm

Draft =< Pa
X Air = X

Smoke 2

Notes :
inter

SiCa-230
1022020005622
16:13 - 05/08/2022
Biogas
02 19.34 %
ca 4 ppm
NO 0 pem
NOx 0 ppm
s02 0 ppm
CxHy 0.000000 ppm
02 1.4 %
Eff. (eta) 9.1 %
T flue 3.8 °C
T air — T
deltal == 1
Draft -—- Pa
X Air ==
Smoke 2
Notes :
51Ca-230
102202000522
16:12 - 05/08/2022
Biogas
02 20.59 X
o 0 ppm
N0 0 ppn
NOX 0 pem
802 0 ppm
CxHy 0.000000 ppm
£02 0.3 X
Eff. (eta) 103.0 %
T flue 30.5 °C
T air ==
deltal == B
Draft --- Pa
X Air Sl
Smoke 2
Notes :

5iCa-230
102202000522

11:17 - 06/08/2022
Biogas

02 20.78
co 0
NO 0
NOx 0
s02 0
CxHy 0.000000
co2 0.2
Eff. (eta) 103.0
T flue 29.7
T air e
deltaT .
Draft e
X Air -
Smoke 2

Notes :

ousles

L]

Ppm
ppm
pRm
ppm
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§iCa-230
102202000522

18:06 - 05/08/2022
Biogas

$iCa-230
102202000522
16:03 - 05/08/2022
Biogas
02 20.21 X
co 5 ppm
NO -—= ppm
NOx -— ppm
S02 0 ppm
CxHy 0.000000 ppm
o2 0.7 X
Eff. (eta) 101.8 X
T flue 31.8 °C
T air ad.2 G
deltaTl |57
Draft 134 Pa
X Air - X
Smoke 2
Notes :
SiCa-230
102202000622
16:04 - 05/08/2022
Biogas
02 20,71 X%
co 0 ppm
NO -== ppm
NOx --= ppm
S02 0 ppm
CxHy 0.000000 ppm
€02 0.2 %
Eff. (eta) 107.2 %
T flue 30.6 °C
T air 33.2 °C
deltal 1 *G
Draft 134 Pa
X Air s ¥
Smoke 2
Notes :

02 19.91 X
co 7 ppm
NO 0 ppm
NOx 0 ppm
802 0 ppm
CxHy 0.000000 ppm
£02 0.9 %
Eff. (eta) 101.1 X
T flue 28.8 °C
T air - °C
deltaTl - °C
Draft --- Pa
X Air e
Smoke 2
Notes :

\—/-
SiCa-230
102202000522

18:07 - 05/08/2022
Biogas

02 20.90
co 0
NO 0
NOx 0
802 0
CxHy 0.000000
02 0.1
Eff. (eta) 110.2
T flue 28.3
T air -
deltaT -
Draft -
X Air -—
Smoke 2
Notes

%

Ppm
Ppm
ppm
PRM
PRm

< © R
fae I o I o]

a2 O
o

SiCa-230
102202000522
18:08 - 05/08/2022
Biogas
02 19.80 X
co 7 ppm
NO 0 ppm
NOX 0 ppm
S02 0 ppm
CxHy 0.000000 ppm
£02 1.0 X
Eff. (eta) 100.3 X
T flue 28.1 °C
T air - 'C
deltal == 0
Draft --- Pa
X Air 2= 8
Smoke 2
Notes :
SiCa-230
102202000522
18:05 - 05/08/2022
Biogas
02 20.90 X
o 0 ppm
NO 0 ppm
NOx 0 ppm
502 0 ppm
CxHy 0.000000 ppm
€02 0.1 ¥
Eff. (eta) 1226 %
T flue 28.4 °C
T air - °C
deltaT - °C
Draft --- Pa
X Air i |
Smoke 2
Notes :
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S1Ca-230
102202000522
15:34 - 05/08/2022
Biogas
02 19.83 X
o 3 ppm
NO -== ppm
NOX -==  ppm
802 0 ppm
CxHy 0.000000 ppm
o2 1.0 ¥
Eff. (eta) 102.0 %
T flue 3.1 °C
T air 33.2 °C
deltal 1.7 °C
Draft 134 Pa
X Air - ¥
Smoke 2
Notes :
8i(a-230
102202000522
15:33 - 05/08/2022
Biogas
20.83 %
gg 0 pem
== ppn
NO
=== ppm
NOX
CxHy (,000000 ppm
02 0.1 %
Eff. (eta) JERS
T flue 0.5
T air 3?’% g
T .
i i
X Air " ’
Smoke
Notes

S81Ca-230

102202000522
16:36 - 05/08/2022
Biogas
02 2.3 §
[ 5 ppm
W T OPpm
Nox T pPm
S02 0 pon
CxHy 0.000000 ppm
Eff. (eta) 102.6 ¥
T flue N7 C
T air 33‘2 ‘0
deltaT 1.7 “C
Draft 134 Pa
X Air o
Smoke 2
Notes :
Sifa-230
102202000522
1536 - 06/08/2022
Biogas
20.81 %
gg 0 o
N0 T
---  ppm
23; 0 ppm
0.2 %
02 '4 X
Eff. (eta) “%-0 2
T flue gl
T air 1'7 o
deltarl g
Draft 131 :a
X Air "2
Smoke
Notes :

SiCa-230
102202000527

]?3?4 - 05/08/2022
Biogas

g2 261 §
t 0
NO Ppm
0
NOx 0 Rpm
S02 3 gg:
CxHy
) 0'0003‘);’ i
T air i, “C
deitar —
Draft g
X Air e, g
Snioke 2
Notes :
—_—
e
e SR
§1Ca-230
102202000522
11:13 - 05/08/2022
Biogas
02 20,80 %
co 0 ppm
NO 0 pem
NOx 0 ppm
S02 0 ppm
CxHy 0.000000 ppm
cn2 0.2 ¥
Eff. (eta) 108.6 ¥
T flue 30.6 °C
T air 32.8 °C
deltaTl 23 °C
Draft -265 Pa
X Air - X
Smoke 2
Notes :
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SiCa-230
102202000622

16:04 - 02/08/2022
Biogas

02 20.66 %
o 3 ppm
NO 0 pem
AOx 0 ppm
802 0 ppm
CxHy 0.000000 ppm
oz 0.3 %
Eff. (eta) s |
T flue ——
T air 3.2 'C
deltal -
Draft 235 Pa
X Air R |
Smoke 2
Notes :
) inles

2 L/mne

G mnt

NaOH 2 m

SiCa-230

102202000522

16:03 - 02/08/2022
Biogas

02 20,90 %
co 0 ppm
NO 0 ppm
NOx 0 ppm
S02 0 ppm
CxHy 0,000000 ppm
€02 0.1 %
Eff. (eta) S |
T flue i
T air 0.5 °C
deltal - °C
Oraft -17 Pa
X Air -— X
Smoke 2
Notes :

ourtek

2 L/mnt

b mnt .

MaoH 3m

§1Ca-230
102202000822

16:08 - 02/08/2022
B1ogas

3pd

02 20,31 %
[¥1] 0 ppn
NO 0 ppn
NOx G ppm
S02 0 ppm
CxHy 0.000000 ppm- ~
£o2 0.6 X
Eff. (eta) . - %
T flue === °C
T air 29.9 °C
deltal - °C
Draft -8 Pa
X Air .
Smoke 2
Notes :

in les

2 Ymenit

2 wmnt:

AaoH 3M
8iCa-230
1022020005622

16:08 - 02/08/2022
Biogas

02 20.82
co 0
NO 0
NOx 0
502 0
CxHy 0.000000
€02 0.1
Eff. (eta) ===
T flee s
[ air 30.0
deltal oo
Draft -44
X Alr -
Smoke 2
Noies @

outiek

4 'L/ monik

.. :

N2QOH 3M

ppm
PRM
ppm
Ppm
ppm

G
X

e O
w

3
SiCa-230
102202000622
11:39 - 02/08/2022
Biogas
02 20.685 %
co 0 ppm
NO 0 ppm
NOX 0 ppem
502 0 ppn
CxHy 0.000000 pPm
co2 0.3 ¥
Eff. (eta) 93.9 &
T flue 29.8 °B
T air —
deltal o G
Draft = i
X Air - X
Smoke 2
Notes !
1nlet L A—
y L
A mnk o=
rla0# 3M -
$iCa-230
102202000522
11:39 - 02/08/2022
Biogas
02 20.82 %
o 3 pm
NO 0 ppm
NOx 0 ppm
802 0 ppm
CxHy 0.000000 ppm
0z 0.2 %
Eff. (eta) 108.8 X
T flue 29.9 °C
T air -== °C
deltal - 0
Draft --- Pa
X Air -— %
Smoke 2
Notes :
outlee
§ Um
A mat
NabH 3M
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H. PERHITUNGAN
a) Perhitungan massa NaOH

m 1000
M= x —
Mr |4

1. NaOH1M

m 1000
IM=— X
40  500ml

m =20 gram

2. NaOH3 M

m 1000
SM=— X
40 ~ 500ml

m = 60 gram

b) Efektivitas Penurunan CO;

Efektivitas Penurunan CO,=

DU OU DU 1 (00001 eereeveeeeeeeeeeeeeeseeesssssssseeeessssssssssseeeeeseeseneseeen (3.1)

input

A. KONSENTRASI NaOH 1 M

1) Laju Alir 1 L/menit, Waktu kontak 2 menit
1,7-0,4

x100% = 76,5%

2) Laju Alir 1 L/menit, Waktu kontak 4 menit
1,4-0,3

x100% = 78,5%

3) Laju Alir 1 L/menit, Waktu kontak 6 menit
1,3-0,2

x100% = 84,6%

4) Laju Alir 1,5 L/menit, Waktu kontak 2 menit

18702 100% = 89%
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5) Laju Alir 1,5 L/menit, Waktu kontak 4 menit
2,6—0,1

x100% = 96%

6) Laju Alir 1,5 L/menit, Waktu kontak 6 menit
2,7-0,2

x100% = 92,6%

7) Laju Alir 2 L/menit, Waktu kontak 2 menit
1,0-0,1

x100% = 90%

’

8) Laju Alir 2 L/menit, Waktu kontak 4 menit
0,9-01

x100% = 88%

9) Laju Alir 2 L/menit, Waktu kontak 6 menit
0,7-0,2

x100% = 71%

’

B. KONSENTRASI NaOH 3 M

1) Laju Alir 1 L/menit, Waktu kontak 2 menit
0,3-0,2

x100% = 33%

2) Laju Alir 1 L/menit, Waktu kontak 4 menit
0,5-0,2

x100% = 60%

3) Laju Alir 1 L/menit, Waktu kontak 6 menit
0,3-0,1

x100% = 66%

4) Laju Alir 1,5 L/menit, Waktu kontak 2 menit
0,9-0,1

x100% = 88%

5) Laju Alir 1,5 L/menit, Waktu kontak 4 menit
1,0-0,1

x100% = 90%

6) Laju Alir 1,5 L/menit, Waktu kontak 6 menit
0,8-0,1

x100% = 87,5%
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7) Laju Alir 2 L/menit, Waktu kontak 2 menit
0,6—0,1

x100% = 83%

8) Laju Alir 2 L/menit, Waktu kontak 4 menit
0,3-0,1

x100% = 66%

9) Laju Alir 2 L/menit, Waktu kontak 6 menit
0,5-0,2

x100% = 60%

’

¢) Perhitungan konsentrasi NaOH setelah titrasi

MnaoH X VNaoH = Mhci X Ve

1. Konsentrasi NaOH 1 M setelah titrasi
MnaoH X VNaoH = Muci X Ve
Mnaon X 28,5 ml=1 M x 10 ml
MnaoH =0,35 M

2. Konsentrasi NaOH 3 M setelah titrasi
Mnaor X VNaoH = Muci X Ve
Mnaor X4 ml=1 M x 10 ml
MnaoH =25M
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