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Latar Belakang

|

Emisi gas buang

Sumber: https://sites.lafayette.edu/egrs352-sp14-cars/the-basics/ dan
https://www.swamedium.com/2017/06/29/memukau-langit-di-jakarta-
sebelum-dan-sesudah-lebaran/

Motor Bakar Torak Bahan bakar

Hidrogen = Bahan Bakar Masa Depan

* Bahan Bakar:
C,H,S,O

e Udara:

O,, N,

* Gas Buang:
CO,, H,0, CO,
HC, NO,, So,,
0,, PM

* H,0dan O,
emitan yang
tidak
membahayakan
kesehatan
manusia dan
alam



Pemanfaatan Hidrogen (H.,)

H, + O, = H,0 + Listrik
(Fuel Cell)

Hyarogen
H¥ In

M) o

FUEL GELL

Sumber: https://tenor.com/search/hydrogen-fuel-cell-animation-gifs dan
https://makeagif.com/gif/how-engine-works-with-hydrogen-fuel-enhancement-flv-x4opBp

H, + Udara (O, + N,)
- H,0 + NO, + Kalor
(Motor Bakar)

The 4 Stroke Engine



Fuel Cell electric Vehicle (FCeV)

Hydrogen Storage Tank

Power Control Unit

Governs the flow of
electricity

Electric Motor

Propels the vehicle much more
guietly, smoothly, and
efficiently than an internal
combusbon angme and
reguires less maintenance

Sumber: https://cintamobil.com/perawatan-dan-service/ragam-teknologi-mobil-listrik-mana-

yang-paling-relevan-untuk-indonesia-aid5290

Siores hydrogen gas
compressed at extremely
high pressure to increase
driving range

Hidrogen

4

Fuel Cell Stack

Conwverts hydrogen gas
and oxygen into

glectricity 1o power the
glactric molor

High-Output Battery

Stores energy generaled
from regenerative braking
and provides supplemental
power o the electric molor

Vehicle image courtasy of

American Honda Motor Co,, Inc,

Fuel Cell

l Listrik

Baterai

l Listrik

Motor Listrik

Eff = + 60%

‘ Daya Mekanik

Roda
Kendaraan

Eff = + 50%



Internal Combustion Engine Vehicle (ICEV) H,

Liguid hydeogen fuel tank, Hidrogen

Hydrogen internal /—“‘":”"~ = 4 APU ‘

combustion engng

ICE Eff = 25-35%

l Daya Mekanik

Roda
Kendaraan

Eff =+ 25%

Hydrogen Fast response

injector valve 8MPa high

pressure hydrogen

Signal controlling the response valve
Electronic control Intake Speed signal

throttle valve valve Ignition signal

> Load signal

Perlu sistem kontrol khusus, karena karakter P \ ‘ A

H, berbeda dengan Bensin/Diesel RN

Signal controlling

Sumber: https://prod5.assets-cdn.io/event/3757/assets/8431103583-8e79¢cc08el.pdf N



Perbandingan ICE Berbahan Bakar Bensin vs H,

NO. PARAMETER ICE (CxHy, S) ICE (H2)
Menghasilkan emisi CO2, )
1 [Reaksi Kimia / Pembakaran & Menghasilkan H20 dan NOx + Panas
CO, HC, SOx, NOx + Panas
. _ . 34:1- 180:1, sehingga mudah distart, hemat bahan
2 |Air- Fuel Ratio 14,7:1 - 37:1 (Bensin) .
bakar, jika lean NOx akan rendah
. + 0,02 mJ, mudah menyala meski lean, mudah misfire,
3 [Ignition Energy +0,24 m) . . .
bisa menggunakan penyala lain (hot wire/glow plug)
4 |Flame Velocity Perambatan nyala lambat [Perambatan nyala cepat (+ 2 kali Bensin)
5 [Auto Ignition Temperature |+230- 280 *C +500 *C
minimum + 120, sehingga bisa digunakan pada
6 |Kesetaraan RON +91-99 perbandingan kompresi tinggi (daya tinggi), advanced
timing ignition (potensi daya tinggi), sulit berdetonasi
Cepat menyebar memenuhi ruang bakar, sehingga
7 |Difusivity Lambat menyebar potensi pembakaran sempurna lebih tinggi, putaran
mesin tinggi
8 |Quenching Distance +2 mm dari dinding + 0,6 mm dari dinding2, bahaya backfire
Kabut Bensin hanya H2 menempati + 30% volume ruang bakar, sehingga
. menempati + 1-2% volume [volume udara berkurang, dan H2 secara MJ/kg tinggi
9 |Energy Density . .
ruang bakar, dan MJ/kg tetapi secara MJ/L sangat rendah, sehingga butuh
rendah tetapi MJ/Ltinggi |penyimpan bervolume besar atau bertekanan tinggi

Sumber: https://www.youtube.com/watch?v=I6ECWRNnJOSg

|

|

Hidrogen

Bensin



Fuel Cell H,

@ Hydrogen @ Proton i+ve)
@ oOwygen Electron (-ve)

Anode Cathode
Hydrogen i Choygen
H; Fuel e ~ “ 05 From Air
HyRecycling @l ‘ Air and
Water Vapour
Gas Diffusion Layer Catalyst Catalyst Gas Diffusion Layer

Proton Exchange Membrane

Sumber: https://www.extremetech.com/mobile/212795-this-hydrogen-fuel-cell-
powered-iphone-6-delivers-an-entire-week-of-battery-life

* Tidak ada
pembakaran

* H,(+) bereaksi
dengan O, (-)
membentuk
H,O dan aliran
listrik

* Dirangkai seri
(V) dan parallel
(1) sesuai
kebutuhan



Dari mana H, bisa didapat?

i R bl
Hydrogen production processes SOOWANOS Hydrogen production

Renewable energy Electrolysis Storage
20- —pEnf
ﬁ\ A W= Ofeen E \ Natural gas
— e (]
& — % H, —
E : a7
Natural gas Pipeline Steam reforming 0

o+ [

Carbon capture

& storage (CCS) e
0O

A
N

Grey Turquoise Pink Electrolysis Pyrolysis ~ Steam reforming i
L ) Carbon capture
J @ & storage (CCS)
Hydrogen

Ready to be stored or distributed

Sumber: https://www.tuvsud.com/en/themes/hydrogen/explore-the-hydrogen-value-chain/hydrogen-
production?gclid=EAlalQobChMI_6qvuPD29wIVXJImAh2xBQOMEAAYASAAEgIUsfD_BwE

Thermochemical:
e Steam Reforming

* Partial Oxydation /
Pyrolisis

Electrolytic
Photolytic
Biological

Air menjadi Bahan Bakar

H,0
s

H, O,

\ J
1

HHO




Produksi H, secara Thermochemical

- Ty Alr
N H2=99.99% w 1

S Partial W |
= Oxidation

~ |  Oxygen Permeable Ceamics || Proton Conductor |
Desulfurization ~ Steam
methane PSA
reforming
unit
Steam reforming: CH, + H,0 = 3H, + CO Partial oxidation: 2CH, + O, = 4H, + 2CO

Bahan baku: Gas Alam, Biomasa, Batubara, dll (C,H,)

Sumber: https://link.springer.com/referenceworkentry/10.1007/978-3-319-14409-2_29



Produksi H, secara Electrolytic

o Energi Elektrolisis H2 = 180 MJ/kg

HHO (Yull Brown, 1974)

—

Oxygen
gas

Oxygen

bubbles \[ 5

Water
with
soluble
salt

A\

|/

Hydrogen

gas

Hydrogen
bubbles

External source
emf

~ Battery
4

Anode

Cathode

Sumber: http://butane.chem.uiuc.edu/pshapley/Environmental/L11/2.html

o H2: Nilai Kalor = 130 MJ/kg, Massa Jenis = 0,05 kg/m3 = 0,00005 kg/L
o Bensin: Nilai Kalor = 40 MJ/kg, Massa Jenis = 0,8 kg/L

o Case Study “Nikuba”:

Sepeda motor Kawasaki KLX 150 = 120 kg, Pengendara = 80 kg

Cirebon — Semarang pp = 460 km, Rolling resistance = 0,45

Kebutuhan energi = (120 kg + 80 kg) x 9,8 m/s2 x 0,45 x 460 km = 406 MJ
Konsumsi Bensin = 406 MJ /40 MJ/kg = 10,15 kg =12,7 L 2 36 km/L
Kebutuhan H2 =406 MJ / 130 MJ/kg = 3,12 kg = 62.500 L

Kecepatan rata2 = 30 km/h 2 t =460 km / 30 km/h =15,3 h

Produksi H2 =62.500 L / 15,3 h =68 L/min

Listrik utk elektrolisis = 68 L/min x 0,05 kg/m?* x 180 MJ/kg = 10,2 kW
Accu =12V, 6Ah =72 Wh

Produksi H2 maksimum = (72 W / 10,2 kW) x 68 L/min = 0,48 L/min

H2 hanya bisa sebagai “suplemen” bahan bakar = (0,48 L/min / 68 L/mim)
x 100% = 0,7%.

Butuh sumber energi lain = 100% - 0,7% = 99,3% (Bensin) 10



NiKuBa

Tanki
BBM

Bensin

NiKuBa

Listrik

a

(Elektrolisis Air)

HHO|(0,7%)

\ 4

Saluran Udara

Udara

Sumber: https://news.detik.com/berita/d-6076775/nikuba-cirebon-

penyulap-air-jadi-bahan-bakar-perlu-disikapi-skeptis

(99,3%)

Losses

e —

65%

Masuk «

Udara + Bgnsin + HHO

\ 4

Ruang Bakar

Listrik

A

(Torak-Engkol)

Ener{i Mekanik (lg 35%)

(Busi)

Sistem Transisi

Alternator

Listrik

Energi +ekanik

Roda Kendaraan
(transportasi)

Eff = + 25%

v

Accu
(12V, 6Ah)

HHO tidak dapat menggantikan
Bensin karena produksi HHO
terbatas oleh pasokan listrik dari
accu,

Kemampuan maksimal dari accu
hanya bisa memproduksi 0,7%
energi yang diperlukan sepeda
motor,

Jika produksi HHO ditingkatkan,

maka accu akan “tekor” sehingga

sepeda motor akan “mogok”

Iéarena tidak ada pasokan listrik ke
usi,

HHO hanya dapat berfungsi
sebagai “suplemen” tetapi andil
terhadap efisiensi kemungkinan
akan rendah saja,

Adanya produk reksi berupa H20
dan adanya uap air yng terikut
dlam HHO dapat memunculkan
bahaya korosi pada komponen
ruanF bakar dan terbentuknza
emulsi minyak lumas yang akan
meningkatkan laju keausan
komponen transmisi daya,

Perlu dilakukan penelitian lengkap
jangka panjang (minimal 3x
periode ganti minyak lumas),
sebelum menggunakan NiKuBa

11



Penelitian HHO di LMBSP ITB

1
The 5" AUN/SEED-Net Regional Conference on New/Renewable -
STE, HUST, September 26-27, 2012

The Performances, Exhaust Gas Emissions of Gasoline — Ethanol
Blended with HHO Additive on a Spark Ignition Engine
Controlled by Engine Control Unit without Lambda Sensor

Iman K. Reksowardojo, Tran Thanh Binh, Athol J. Kilgour, Wiranto Arismunandar
Combustion Engines and Propulsion System Laboratory
Institut Teknologi Bandung, Indonesia

E-mail: iman@Ilmbsp.ms.itb.ac.id

Abstract

The purpose of this research is to investigate the effect of using gasoline and ethanol blended fuels
with different blends EO, E5, E10, and E15 on the performance, and the exhaust emissions of a
commercial Spark Ignition (SI) engine without feedback systems, which is still exist in many
developing countries. In addition Brown's gas (HHO) as additive fuelled was used to find the effect on
the performance and emission at idle speed and low load. The results indicated that the performances
and emissions depend both on the engine operating parameters and fuel. However, air-fuel ratios are
important factors on CO, NOx and HC emissions. The effect of HHO as the additive for gasoline and
ethanol blended fuel in SI engines was slightly reduced fuel consumption all of gasoline - ethanol
blends and increased thermal efficiency, reduced emissions.
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* Peningkatan efisiensi termal dengan penambahan HHO hanya sebesar 0,01% - 0,025% saja,

* Dengan adanya kesalahan pengukuran torsi, putaran dan konsumsi bahan bakar, bisa jadi

sebenarnya tidak terjadi perbaikan efisiensi termal.

12



Produksi H, melalui Photolytic & Biological

®

Plant waste fermentation
produces acetic acid (CH3COOH)

>0.2 volts are added
from an outside source.

&
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Photognode Calhode an 1
2 + H,0-2H |+ %0, 2e|+2H" — H, /"}/\
Y-

PHOTOELECTROCHEMICAL CELL

 Memanfaatkan energi sinar matahari
* Produksi hidrogen lambat
* Ramah lingkungan

Sumber: http://emat-solar.lbl.gov/research/application-photo-electrochemical-cell-pec dan
https://www.fuelcellstore.com/blog-section/biological-fuel-cells-and-the-bio-production-of-hydrogen

@ - \x\ Electrons @|p
[Plant is grown and chopped up] eI @ SOWE'r
rge| |@ o
T — - “:

Bacteria consume
acetic acid releasing
electrons, protons, CO.,.

Na)so‘ f’-h \r’:ﬂ. \_:

lon exchange
membrane

CATHODE

MICROBIAL ELECTROLYSIS CELL

* Memanfaatkan bakteri
* Produksi hidrogen lambat
* Ramah lingkungan

Electrons join with protons
and form hydrogen gas.

Hydrogen is a clean fuel
that vehicles can use.

n
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Resume

e Oksihidrogen (HHO) atau Brown Gas ditemukan Yull Brown tahun 1974,
sudah + 46 tahun tetapi tidak dimanfaatkan secara efektif =2 pasti ada
sebab yang melatarbelakanginya

)

* Produksi hidrogen paling efektif adalah dari Gas Alam melalui proses Steam
Reforming (tetapi harus ada mekanisme carbon capture),

* Hidrogen (H,) dapat dipergunakan pada kendaraan bermotor:

* Pada ICEV akan tetap menghasilkan emisi NOx (dapat menyebabkan kerusakan
sistem saraf dan gangguan pernafasan, smog, serta memerlukan sistem kontrol
pengendali pembakaran),

* Pada FCeV hanya menghasilkan H,O sehingga ramah lingkungan (asalkan ketika
diproduksi juga menggunakan sumber energi yang ramah lingkungan) = penggerak
mula masa depan,

14
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