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alaysia has abundant waste and biomass resources generated from agric ulfure-based
industries, particulady Crude Palm Qil {CPO). The decom position of agro-industry waste
rledases biogas via microbiology processes through the methanogensis stage after the
hydrolysis and acidification stage. The biogas, mainly methane, is considered Green House

Gas (GHG).

Due to envionmentd concems over the GHZ emission
effect, the pmoctive oction. besides the complionces
concerned from the industny plovers, s o trecsue biogos
o cn obundont smouce of renewohle ensmy thot
i untopped but commecicly voluokble s it eosiy
civoiloble

Thiz prooctive mowve is supported by notions oF o wony
to minimize our dependence on the use of sl fusl We
still depend lorgely on convertional enemy sources (sl
fuels such os oil. noturncl gos ond coal) but in the next Ew
decodes it i hoped thot we will groduclly become less
dependent on them.

The technology for hornessing green ensrgy i not
new . |t hos been continuoushy develope d over the lost Ew
decodes and hos gown ininte nsity in Mo onsio ond all ower
the world.

To enhonze the topping of green enemy from biom ofs
ond bogos in indostries, teom work ond coloborotion
between the voious porties concemed - governing
bodies. industne plovers ond technology povides - oe
crucicl.

Whot are the motured engineering approoches thot
con be odopted in this context? Whot would be the
expected cholenges. tec hnicaly cnd com me s olh:?

Ay industry thot produces lame amounts of org onic woste,
ii o condidote for biogos production. A stondord biogos
production system beging with loroe onoemobic dinesting
tonks fponds where the orgonic woste @ comered into
hiog os.

There is the presence of notuclly occurming boctedo.
moinky Themophic and Mesophdlic types. Given the
noht tempemture and feeding enmvironments, the bocteio
will thrive and propogote .

The polm oil boge dliguid woste: moainly orgonic looding
containing oil ond shedded woste, will inceoe the
surfoce dgred ovoilable fo microbes inthe digesters ond
a0 increcse the speed of digestion.
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The cnoembic doestion process toke: ploce inoan
citight contoinment (O deplefed) which wil be the
dinester. The fist stoge of chemicol Eoction Anoemnhbic
Digester (ADY is hydolysis, where complex oronic
molecule: o boken downinto @mple sugos. amino ocick
cind fotty ocids with the oddition of byvdosad groups.

Themr o mony configurotion: of Anoeobic Digestens
cnd thesse con run ot different tamet tem perctures; the
most common ore Mesophilic (35°C) ar Them ophilic (50°C).
There ore dfferent populcfion: of anoembic microbes thot
thrive in these tem permtoe ones. Digesters con com bine ol
the moin process chemistn steps (hwdohsiz. ocidification,
ocetogenizis: methonogenis) either in o single process
reoctor tonk ar in two seporote ©octor tanks. The seporation
of doestion phoses dlows for additional proces: control but it
does incur oddtionol copital costs.

Thiz iz followed by three biologicol proces:es:

1. Acidogenesis — further breoking down by ocidogenic
hocteio by into simpler molecules wolotle fotty ocids
FA:) occus. poducing ommonice T0: ond hydiogen
sulfice os byproducts.

2. Acetogenesis - the @imple molecule: from ool dogenesis
are further digpested by bocteio coled ocetogens to
produce CO2, hydmogen and mdnly ocetic ocid.

3. Methanogenesis - methone, C0: ond woter ae
produced by boctenio coled methonoge na.

The pH level are kept between 55 ond 30 ond the

tempermmture bEtween 30°C and &0, inoder to moxdmize

digestion process.

A lome amount of the climote impoct of the emison of
methone con be mitigofed by coptuing the gos and wsing it
to fuel the power plont; Koo os technolo gy hos been used
succesfully for decodes ond con produce renewohble
electicity ot o cost thot's com petitive with froditiond fuels.

Under oanoembic  conditions.  orgoanic moaternicl i
decom posed by microorganizms in o number of steps to

get the finol poducts methane and carbon dioxide.
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Complex organic material
{profeirs, carbohydrates, fats efc.)

Hyclralysis
Y

Soluble organic compounds
(amino acick, sugars, efz.)

Fermentation

k 4

Intermediate products
(fatty ocids, alcohols, etc)

Ancerchic
oxlclation
Y Y Y Y
Acetic acid H, + CO,
Methane oroduction
CH, + CO,
(Biogas)

Treatmentof
desulphurization

Capturing with
optimization and
dehumigifier

Clean treated gas
Utilization

Fuli Scope of Biogas Froject

SUSTAINABLE ENERGY DEVELOPMENT AUTHORITY
(SEDA) MALAYSIA

The enforcement of the Renewable Energy Act 2011 (Act
725) on 1 December, 2011, enabled the implementation
of Feed-in-Tarff (FIT), paving the way for a sustainable
Renewable Energy (RE) growth fragjectory in Malaysia.
Renswable Energy includes solar photovoltaic, small hydro,
biomass and biogas.

All RE resources show promising development as can
be seen from the number of projects which have benefited
from FIT.

As the agency responsible for the facilitation of RE
growth, SEDA Malaysia is playing its role to ensure that
installations, especidlly those under the FIT mechanism,
meet and comply with infernational standards in terms of
quallity, reliability and safety as this will indirectly impact the
performance of the biogas power plants.

COMPARISON OF BIOGAS ENERGY (EQUIVALENT)
WITH OTHER AV AILABLE FUEL

At 1 m* biogas of CH, at 60% concentration........
Low hedting value (LHV) = 21474 KJ/NM?

Replace biomass (PKS and Fibre) with biogas

« 1 m® of biogas can replace 1.4 kg of palm kemel shell
(PKS).

Replace diesel usage with biogas

« 1 m® of biogas can replace 0.60 litres of diesel.

Generate electricity with biogas
« 1 m° of biogas can generate 1.5-2.0 KWH of electricity.

Replace gasoline usage with biogas
+ 1 m® of biogas can replace 0.67 litres of gasoline.

Replace wood usage with biogas
¢ 1 m® of biogas can replace 1.5kg of wood.

Replace LPG gas usage with biogas
« 1 m® of biogas can replace 04ékg of LPG (Liguid
Petroleum Gas).

Biogas Project Boundary
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Typical biogas project boundary
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FROM BEDGAS TO BEOMETHAME

Biomethane s produced fiom biogos through an Upgroding Process with
woter wosh technology invalving o puificotion process thot essenticlly =moves
ol Hydiogen Sulphides (HS% Corbon Diosdde (SO0 and Siloxones.

Biogos hos octuclhy goired increocsing positive esponse ond popdonity in
develope d countries o the leading green fusl aiemative . Being rnewable
bhosed ond withoot conventiond fossl fuel pollutonts, biomethone @ being
utilized increasingly by intemofional institutions of alternotive fuel now oand
in the future. Maolowsio s in the cormect time zone curently o develop and
enlarge the ufilization rate notio madde and so ocguire o greenerimoge in the

ookl mocirket.

Bio gas Typically) Bio gas {Achievable)
CH,: a0% CH,: =2a%

0 ) -

M+, =1% Oy 0. 4%

H,5: S0-5000p@m Hy5: =1ppm

H0: Saturated H0: =Tppom

Siloxones: Troce Siloxones: =lppm

Chemicdh:. biomethare iz no different from notuel gos, thus moking it
the ideal mpozement for uie in Moturd Gos YWehicles (NG Obvioushy its
cammercial volue s emarkoble besides it being emdronme nt-fiendby.

BED=AS CAPTURING TECHNIGIUES

Ther o genemlly 2 tyipes of Anoemboic Digesters (A0 Tonk System ond

Logoon System.

1. Tank System (Tank Fam)

o) Concete is com monby usedto mooke the digestertanks o it con store and
retoin heot uniformlby. The tanks con be ovindicol oroblong in shope . |
con be canstructed on an in-stu bosis ar prefobicated in o workshag,
shipped to the poject site and assembled thers . Sometimes, o cooting is
applied to the innerwaoll of the tonk: especidlyin the comsive gos A oter
interfoce mone. to ensue long-tem dunckility

b Steel iz another motedol thot's alo commonly ued o moke doester
tanks. Steel tonks con be erected in bolted bosiz together with ponels
ar os welded steel ponels. The steel can be either stainless steel ar steel
cooted with epoxy point o common industid proctice. The motedol
sgleciion iz the key port o ensure durability ond resistance to comsion.

Palw O WY Sflwent (P OME ) biog a5 ca pludng pland

2. Logoon Sysiem (5ol Lagoon or Enginesred Lagoon)

Thiz cnoembic system iz built in o rectangul or shope ond covered with Hoh
De nsity Pohvethyvlens (HDOPE) plostic sheet or PYVC and wsed o o contodner
for the biogos generoted. The sheets moy cover the whole logoon or anly
the ports generating methoane. The syitem dso increose:; contoact aea of
hocteiosludge with woste woter ond develops o system to pull sludge with
pipes. In other wards. the logoon houses the methonogenes: pocess and

the logoon top section iz the gos storoge bufferone.
THE INSTITUTIZIN OF ENGIN EE B MALAYSIA
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Raw Sogas Cos poson

Methane S0-40% A1-T2%
C02 2540% 25-35%
Wioter 0-5% 0-3%

N2 0.01-2% 0.01%-0.5%

Oz 0.01-0.4% 0.01-02%

H, 0.1% -

H.5 3000 ppm 2000 ppm
kA IHS .J'L" FADARM [ *) AFrl | = EIN=A
>ENERATI

The amount of woste efl uent (e Adoy).

The amount of Chemical Cwvgen Demand (COD0.
The COD removd rote ofthe design syvstem .
Methane-COD equivalent (kg-CH,hkg-CODY,
Methone gos density (ka MM,

Methone gos conce ntrafion.

Ambient Bogos tem peratune .

o R N = E

IPTIME A ) BIOG A YSTEM

f iz crucicl to howe the proces: fow running in optimum
condition o optimisation will  ewventualy lead to
sustainahkility, Most impotantly. ol opergting factons
highlighted in this
regordles: of ime. doy or doce. By hoving 2eno fminimum
fluctuctions on the key opemting foctors and parometerns
oz highlighted obowve. the quolity ond quoantity of the
biogos genercte d can be secured and s ustoined.

poaper must be in optimal mode.

HHIC ALS& C

MMERC IAL CHALLENG

The expected cholenge: in hiogo: poects can be
bosicaly summaised. but not limited to. e below:

Commercicl Chaltenge No. 1

Hoh copitol imestment. especially the fouztuotion of globol
m citket cume noy

¥ Chwerdl trading cumency is in USD.

Coaopital investment in milions of ingoit.

Y Durotion of complefion ot lecst 12-18 colendar months.

Commercial Chelienge No. 2

Strofe gic locotion ofthe plont: Ersure FITiE avdloble

' Strategic loc ofion. meaning FITis necessany.

4 Authoifies imwohed Enemy Commission 5T SEDA.
Tenogo Motiond Berthod (THE) cnd others.

¥ Meedto corny out Power System Study (F55) before o
projgct con be claimed to be overnal 2 ocsible.

¥ Meed to puchose guota eafier fom the outhority
SED A, in this context).

¥ Ensure to purchose guota with the best rate (bosic ate
+others bonus rotes).

¥ Bonus rates offered by SEDA are includive but not
imited to =1 CAgiculturcl Woste). =2 (Blecticaol
Efficiency) ond =3 (locol Assem by Stotus).

Commercial Chellen ge No. 3

Frocticol business strofeoy: Ersue thot power genermoted

con be utiised inte malhy. besides the FT purpose.

¥ Ensure the company is oble o consume the power
genercted (Polm Oil Mil. downstreom plonts and stoff
cuonte ).

¥ The power genemfed can be wed for the entire focton

ond com plex

Mo wostoge concerns.

Cherall. the key conzsideration & on the demond ond

suppy of electic ol power.

R

Commercial Chelienge No. 4

To get the suppord ond gpprovd of Molonsio Indostricl

Development  Authodty  (MIDA) on tox  dedocfons

exgmptionon green ens gy development

' Biogos energy 5 clossifed o6 Green ond Renewakle
Energy.

4 MDA giving fox incentives
provickens ond end wers.

¥ Meed for comprehensive documentotion
submitting to opphy.

to green technology

hefore

Technical Cheallenge No. |
zood feed stocks on the mw motenols: Consistency &
Feguarity

De humi difie r
frenove mo ke

Bix scrubber
{des ulp hudzafio n)

Hame
5 yshem

Cverall layout of Biogas Capturing & Treatw ent Plant

Biogas Engineerxd

Co ool mwom
with $CADS

Inco ming powear
SUPPY  fragie d bio gas piping

(o powe r plant)

lagoon 1& 2
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Row rnoterials, in this context, is Fresh Fruit Bunch (FFEY and Palrn Gil kAl
Effluent (FOME).

Supphy must be consistent and sufficient (daily, monthly and annually).
Ableto purchose FFB and produce POME consistenthy.

Haove a buffer zone on POME storage.

Zood miling and processing efficiency.

Good marketing strategy 1o obtain raw materials.

[ S R R =

Technical Chaffenge No. 2

Manogement of biosolids formed during the biogas capturing process

{  Solig handling (o not underestimate).

{ Solid generated should be handled and wel managed. Prevent the
occurence of any potential environmental issue.

{  Good practice = disposal (manageable). Pocr practice = dumping
{uncontrollable).

{  Accumulation of solids can offect biogos plant performance by reducing
the hydraulic retention time.

{  Convert tovalue added products (4,21,

Technical Challfenge No. 3

Footprint and location for the biogas project

Spoceand land area Concern.

Control the footprint.

In the wvicinity of palm il mill = minimmum cost on handing and transportation.
Power supp by and water supply.

RFoad and transport = accessibility.
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Technical Challenge No. 4

Technically competent personnel must be in the operating team
Well-trained personnel.

Competency in POME treatment handling.

Kentally, technically and physically prepared.

Mot only can generate but also able to monage Control).
safety concern.

Power monagenment.
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Technical Chalfenge No. 5

There are numerous tests and inspections dnitial and regular) invoksed
SEDA ATPA test,

ThB safety test-Blanded Test and loss of main.

THNE P& Test

THB ovailability test,

In-house test-all aspects.

Instrurnent calibration and testing.

JKKP plant annual inspection.

S AaR Al Aol o nad nb

If we want to make the world a greener place and to enhance the degree
of tapping on green energy (iogas in this context) from agro-industry waste,
it is crucial to have team work and collaborative efforts of the various parties
{govemning bodies, industry players and technology providers) involved.

To be able to transform and diversify to reach sustainability stage, industry
ployers must realign their direction, both technically and commercially, and
move forward, The infiatives and proactve behavours of industry playvers are
crucial to turn positive transformation into reality. Remember, the planet is
owned by all living beings.

ir. Hor Kok Luen, graduated from Universiti Sains Malaysia (USM) in 2001 with Bacheior Degree
{Hans.) In Mechanical Engineeting. He is & corporate merber of IEM and Hon Secretary, Food &
Agricuitural Engineering Technical Division (AFETO), 1EM.
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