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WELCOMBACK

Dr. Thang Ka Fe

WelcomeBack!

HappyNew Year2016 and welcomebackto APU! The New Yearis alwaysa greattime for us to reflect on past
happeningsand to make promisesfor change,i.e. the New Yearresolution Quite often, we are excellentat making
new vowsto changeor to improve,but the resolutionmay not be realisticor achievable Thisis becausenve may not

havereflectedon pastmistakesor reviewedon pastoutcomeswhen makingnew promisesto change It isimportant

that we learn from the pastin order to plan for the future and to ensurethat we are able to make progressive
improvementto our life andto the livesof peoplearoundus.

Forthose of you that have made a resolutionlist for 2016, | would be gladto hear from you on what they are, do
drop me an email' And for those who have not decidedon what those resolutionsare, | would like to offer a few
suggestionshat youmaywantto addto yourlist.

Bea Go-Getter. A go-getter is a personthat is energetic,determinedto be successfuand ableto copewith new or
difficult situations [ S (refléct on what had happenedin 2015 how often have you delayed starting on your
assignmentill the verylastmoment?And, how often were you absentfrom your peer discussioron groupwork? A
go-getter personwill be selfinitiated and proactivein everythingthey do and typically they will also obtain good
gradesin their study. Youcanvowto be ago-getterin 2016

Be a Good Time Manager. TypicalUniversitya (i dzR $fg/igibuslingwith studiesand leisure activities It is quite
easyto loose focus and be lopsided with either leisure or studies and hence not beneficial for your personal
development An enjoyableUniversityexperienceshould evolve around a balanceddiet of both, which involvesno
other than good managementof your availabletime. For 2016, my suggestionis for you to list down all activities,
startingfrom weeklyto monthly, and start assigningprioritiesto them.

Try somethingnew! Lookingbackat 2015 have you joined any industrial visits organisedby the IEM-APUStudent
Section(IASS)MHow often have you participatedin talks, workshopsor competitions either in the University or
externally?If you have not, 2016 will be the yearwhere you will vow to make a change!Activitiesthat havebeen
highlightedare beneficialfor your exposureto realword engineering

Connectand Engage If you have not been seekingconsultationfrom lecturersin 2015 now there are plenty of
opportunitiesto do soin 2016 Havingto connectwith your lecturers and engagein consultationin and out of
lecturesare vital for your successn classtests, assignmentsand final exams In addition, you should connectwith
classmatesand actively engagein group discussionsyou will soon discoverthat this helps in completing your
assignmentsnd designwork activitiesmuchfasterandwith better quality to that of doingit alone!

In summary,you have made a commitmentto improve aslong as a resolutionis made If you have not made any
resolutiondo considerthe suggestionabove Allthe bestin 2018
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ARTIFICIAL PHOTOSYNTHESIS FOR CLEANER FUEL

Letusfirst recallthe natural mannerof photosynthesiswhich is the processby which green plants use sunlightto
synthesizefoods from carbon dioxide and water. The processcombines6 moleculesof carbon dioxide and 6
moleculesof water to produceone moleculeof glucoseand 6 oxygenmolecules Theglucoseis storedin the plantas
starchand cellulosewhichare simplylong chainglucosemoleculegknownaspolysaccharidesisa sourceof food for
the plant to survive and grow. The oxygenthat is produced as a by-product of photosynthesisis what most
animalsrely onto breath,sothis processhat plantsandtreesfulfil is criticalto our survival

Sog K | artfiicial photosynthesis?t basicallyworkswith the 'artificial leaf', where sunlightis converteddirectlyinto
solar fuel, without makinguse of biomassas in the production of biofuels from plants, and without involving an
electricitynetwork, asin electrolysiausingpower from photovoltaiccells

It is a chemicalprocesgthat imitates natural photosynthesisat the molecularlevel Sunlightis usedto convertwater

and CQ into oxygenand hydrocarbonsor hydrogen(Figurel). Becauseof its high efficiency artificial photosynthesis
hasthe potentialto providean alternativeto fossilfuels

What could the production and use of solar fuels look like?

Sunlight is used to split water
into hydrogen and oxygen

Sunlight is used to produce carbon-
based fuels from water and carbon
dioxide. A source of carbon
dioxide could be a
coal-burning power
station fitted with
carbon capture
technology

Hydrogen is used
as a transport fuel

Hydrogen and simple
carbon-based fuels are used
as raw materials (feedstocks)
by many industries

Solar fuels

Hydrogen (H,)

Carbon-based fuels such as
methane (CH,), carbon monoxide (CO)
and methanol (CH,OH)

gy

© Royal Society of Chemistry

Figurel: The production of solar fuels.
(Source: Royal Society of Chemistry

An Artificial photosynthesisnvolvesfour stagesmakingit verysimilarto the natural photosynthesigprocess

Light harvesting The collection of light particles (photons) by antenna moleculesand the concentration of the
collectedenergyin areactioncentre.
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Chargeseparation At the reaction centre, the collectedsunlightis usedto separatepositiveé W K 2ahdhégative
(electrons)xhargesrom eachother.

Water splitting: Positivechargesare directly injected into catalyticcentreswhere they are usedto split water into
hydrogenions(protons)andoxygen

Fuelproduction Electronsfrom step 2 are givenmore energyfrom new photons and subsequentlycombinedwith
the hydrogenionsand possiblyCQ to produceeither hydrogenor a carbonbasedfuel

The carbonbasedfuels that may be producedby meansof artificial photosynthesisare not complexmoleculeslike
carbohydratesbut simpler moleculessuch as methane, methanol and carbon monoxide The processesy which
these fuels are producedare more complexthan those involvedin the production of hydrogen,becausein many
caseanore than four electronsand protons and more than eight photonsplay a role in the reaction Thestorageof
energyin carbonbasedfuelsrepresenta major scientificchallenge However,carbonbasedfuelshavethe advantage
that mostare of liquid form and couldtherefore be integratedinto the existingenergyinfrastructurerelativelyeasily

Producing hydrogen by splitting water using sunlight

Sunlight is used to split water
into hydrogen and oxygen

Sunlight

Sunlight
Solar fuel
production

system Oxygen

l Hydrogen

Hydrogen can be used as a transport fuel and is already
widely used as a raw material for making products like
fertiliser and plastics

© Royal Society of Chemistry

Figure 2: Producing hydrogdy splitting water using sunlight.
(Source: Royal Society of Chemistry.)

The most famousand an excellentexampleis the Panasonic'sartificial photosynthesissystemwhich hasa simple
structurewith a high efficient CQ conversionwhichcanutilize direct sunlightor focusedlight.

Panasonidound that a nitride semiconductothasthe capabilityto excitethe electronswith enoughhigh energyfor
the CQ reductionreaction Nitride semiconductordiave attracted attention for their potential applicationsin highly
efficient optical and power devicesfor energysaving However,its potential was revealedto extend beyondsolid
devices more specificallyjt canbe usedasa photo-electrodefor CQ reduction Makinga devicestructure through
the thin film processfor semiconductordasimprovedthe performanceasa photo-electrode

The CQ reductiontakesplaceon a metal catalystat the oppositeside of nitride semiconductomphoto-electrodeas
shownin Figure3. The metal catalystplaysan important role in selectingand acceleratingthe reaction Here, it is
noted that the systemcomprisesof only inorganic materials, which can reduce the CQ with low energylosses
Becauseof this, the amountof reaction producedis exactlyproportionalto the light power. Thisis one of the merits
in suchan all-inorganicsystemwhile someconventionalsystemscannotfollow the light power in generalbecauseof
their internal or externalrate-limiting processesn the complexstructures

Go Green



Water oxidation -
by light energy CO, reduction

e Formic acid

Light - Vi~ Metal catalyst
\_source ) Nitride Semiconductor |

A
N

Figure 3:Schematicziew of artificial photosynthesis system
(Source: news.panasonic.com/press/news/)

Thesystemwith a nitride semiconductorand a metal catalystgeneratesmainlyformic acidfrom CQ and water with

light at a world's top efficiencyof 0.2% The efficiencyis of a comparablelevel to real plants usedin the biomass
energy source The formic acid is an important chemicalin industry for dye and fragrances The reaction rate is
completelyproportional to the light power due to the low energylosseswith simplestructure in other words, the

systemcanrespondto focusedlight. Thiswill makeit possibleto realizea simpleand compactsystemfor capturing
andconvertingwastedcarbondioxidefrom incineratorsand power generationplants

Howeverthis developmentof artificial photosynthesiss still in a testing and laboratory phase Much remainsto be
accomplishedbefore commercialapplicationis possible Neverthelessatrtificial photosynthesishasthe potential to

be an attractive and sustainablealternative to fossilfuels. Furthermore,artificial photosynthesiscan contribute to
transformationof the energyinfrastructureasawhole.

Fora better understandingvatcha samplevideod ! NJi PRofosyriHedisan EnergyTechnologyof the C dzii daNX ¢
YouTube
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FUTURECAREERSN APPLIEDSCIENCES

Aninvited talk on PutureCareersn Applied{ O A S §y@BitDOChandimaGomesUniversityPutraMalaysiawasheld
on October7, 2015 Thetalk was focusedto the current trends, demandsand career opportunities in key areasof
appliedsciences45 students15 staff attendedthe talk.
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SUSTAINABILITCONCEPTUALIZED

An invited talk on Bustainability 2 y O 'S LJ{ bigIMf Alvin SdRgATechnologieSdnBhd was held on October 7,
2015 The talk was focusedto understandingsustainabilityfrom an architectural perspective 35 students 15 staff
attendedthe talk.
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