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ABSTRACT

Synthetic biology is a set of tools and techniques which redesign of
existing biological systems to perform specific tasks. New applications
may be found in energy, medicine, environment and materials. In this
paper, we first focus on the definition of synthetic biology as well as the

KEYWORDS

Synthetic biology;
Biofud;
Energy efficiency;
Sustainable development.

potential applications and key challenges, then the role of synthetic
biology in producing biofuel and the relations between sustainable energy
and sustainable devel opment are discussed. Finally, several key pointsto

achieve sustainable devel opment are summarized.
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INTRODUCTION

Theworldisbecomingincreasingly interconnected
andtheability to generate, shareand interpret dataon
amassvescaeisacce erating our ability to understand
highly complex systems. The emergence of synthetic
biology asadistinct disciplinethrough thefirst decade
of thiscentury isaclear exampleof thistrend.

Synthetic biology representsaquantum advanceon
bi otechnol ogy, and goesbeyond transferring genesbe-
tween speciesto constructing entirely new, self-repli-
cating microorganismsthat havethe potential to con-
vert any biomass or carbon feedstock into any prod-
uct. Inother words, from the perspective of synthetic
bi ol ogy, the resource basefor the devel opment of mar-
ketable renewable materialsis not theworld’s com-
mercidized 23.8 % of annual terrestria biomassY, but
asotheother 76.2 % of annual terrestria biomassthat
hasremained outsi dethe market economy.

Potential applications of synthetic biology arise

wherever biological systemsplay arole. Fieldsof in-
creasinginterest at individual and societd levelsinclude
well-being (such as prediction and prevention of dis-
eases, persondized hedthcare, improved lifestyle, em-
ployment), security (including food, water and energy
security) and sustainability (meeting the challenges of
managing natural resources, reducing dependenceon
non-renewabl e resources and finding waysto mitigate
climate change). Objectivesfor envisaged synthetic bi-
ology applicationsinthesefieldsincludereductionin
costs, extended or novel functionality and greater se-
lectivity.

In2012, the synthetic biology industry evolvedinto
aglobal, well-financed and rapidly expanding sector
with productsaready in the marketplace?.

e Growingfast

According to BCC Research, global synthetic bi-
ology product sdeswerearound $1,600 millionin 2011
and are expected to riseto $10,800 million by 2016.
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» Switchingfocus

Three quarters of the activity has so far been en-
ergy and chemical companies (such as BP, Shell,
DuPont, Total) devel oping and marketing artificial mi-
crobesthat producenext generation biofudls, bioplagtics
and commodity chemicas. However, theindustry isnow
rapidly switching focusto primarily produce materias
formerly sourced from natural plant products—such as
rubber, food flavours, fragrances and essentid oilsas
well asnatura medicina products.

* Alreadyonsale

Examplesof synthetic biology productsaready on
the market include maize-based bioplastics,
biosynthesized ‘natural’ grapefruit flavour, as well as
cane sugar-based biodiesdl.

Syntheticbiology isstill at anearly stage of devel-
opment and relatively unproven, but its potentia is
widely considered to begreat. It isaplatform technol -
ogy withan extensverangeof possiblegpplications. In
this paper, wediscusstherole of synthetic biology in
producing renewableenergy and achieving sustainable
development.

Synthetic biology
Potential applicationsand key challenges

Synthetic biology isan emerging field combining bi-
ology with engineering but lacksacoherent and agreed
definition. Synthetic biology isperhapsbest understood
inrdationtoitsams, whicharedescribed by the OECD
asbeing “to design and build new biological parts and
systems or to modify existing onesto carry out novel
tasks’¥. In other words, syntheticbiology is
 thedesignand congtruction of new biologica parts,

devicesand systems, and
» theredesignof existing, natura biological systems

for useful purposes.

Instead of inserting genesfrom onespeciesinto an-
other, synthetic biology aimsto createlifefrom scratch
with synthetic DNA or without theuseof DNA entirely.
DNA issynthesized on acomputer and “printed” out,
which can then be shipped anywhere in the world
throughthemailt.

On the other hand, Thomas H.Murray did place
thetechnol ogiescomprising “synthetic biology” into four
categories®.

BioTechnology — ammm—

* Advanced geneticengineering

Engineering bacteria to produce a precursor of
atemignin, afront-linemaariadruge, pitomizesthisca-
egory.

* DNA-based deviceconstruction

TheBioBricksproject gppliestheprinciplesof dec-
tronicsengineering to biology, amingto oneday build
functiona nano devicesde novo from genesand pro-
teins
e Creatingaminimal cell

Venter’s achievement of synthesizing a complete,
functional genomefor Mycoplasmamycoidesisthe
leadingindicator.

e Creatingaprotocel

According to Murray the goal isto create anew
formof life. A genuindy new livingentity, notbasedon
the biology we’ve known thus far. This goal remains
distant, but may lead to radical advancessuch assili-
con-basedlife.

Research sudiesin synthetic biology aretill only a
decadeold. Thefirst department of synthetic biology at
amgor researchingtitution—the US Lawrence Berke-
ley National Laboratory — was opened in 2003, and
American scientistsdominated much of theearly re-
search.

Synthetic biology has been praised asatechnol-
ogy-based responseto arange of societal challenges.
Forinstance, theUS Department of Energy has stated
that the successful application of syntheticbiology will
replace athird of U.S. transport fuel usage by 2030
and increase ethanol production capacity 12-foldto 60
billion galonsby 2030,

For thewider community theimportance of syn-
theticbiology liesinitssocid and commercia potentid.
One estimate suggeststhat the global market for syn-
theticbiology couldreechUS$2.4 billionby 2013, with
applicationsranging from medicineto agriculture”. Pos-
sibleusesof synthetic biology includethefollowing ar-
€ss.

* Energy

Custom-built microbesfor generating hydrogen and
other fuels, or for performing artificial photosynthesis.
And thedevelopment of new pathwaysfor producing
fud.

e Medicineand health
Themanufacture of drugs, vaccinesand diagnostic
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agents, and the creation of new tissue. Alsoincluding
enhanced drug production and delivery.
* Environment

The detection of pollutants, and their breakdown
or removal from the environment, and including engi-
neered dispersantsand environmentd ly friendly mate-
rids.

e Chemical industry

Theproduction of fineor bulk chemicas, including
proteinsto provide an alternative to natural fibresor
exigting syntheticfibres.

* Agricultureandfood

Including engineered or optimized crops, and novel
food additives.

Which of thesegpplicationswill befirstto makean
impact inthe marketplaceisamatter of speculation,
athough many commentatorsforesee biofud products
asalikdy frontrunner.

However, chdlengesloom at every sepinthe pro-
cess, fromthecharacterization of partstothedesign
and construction of systems. It has been pointed out
that there arefivekey challenges®.

* Many of thepartsareundefined

A biologica part can beanythingfromaDNA se-
guence. The problemisthat many partshave not been
characterized well. They haven’t always been tested to
show what they do, and even when they have, their
performance can change with different cell typesor
under different laboratory conditions.

* Thecircuitryisunpredictable

Evenif thefunction of each partisknown, theparts
may not work as expected when put together. Syn-
thetic biol ogistsare often caught in alaborious process
of tria-and-error, unlikethe more predictabledesign
procedures found in other modern engineering disci-
plines.

* Thecomplexity isunwieldy

Ascircuitsget larger, the process of constructing
and testing them becomes more daunting. For example,
the researchershad to test many part variants before
they found aconfiguration.

e Many partsareincompatible

Once constructed and placed into cells, synthetic
geneticcircuitscan haveunintended effectsontheir host.
e Variability crashesthesystem

Synthetic biologists must a so ensurethat circuits

function reliably. Molecular activitiesinsidecellsare
prone to random fluctuations, or noise. Variationin
growth conditions can aso affect behavior.

Synthetic biology for renewableenergy

Inthissection, wefocuson the definition of renew-
ableenergy and discusstherole of syntheticbiology in
producing renewableenergy.

Therenewable energy isdefined by Internationa
Energy Agency(IAE) as. Renewableenergy isderived
from natural processesthat arereplenished constantly.
Initsvariousforms, it derivesdirectly fromthesunor
the heat generated deep within earth. Included inthe
definitioniselectricity and heat generated from solar,
wind, ocean, hydropower, biomass, geothermal re-
sources, and bio-fuelsand hydrogen derived fromre-
newableresources®. Major reasonsfor exploring re-
newabl e resources are continuity of energy supply for
future generationsaswell asreducing hazardousim-
pactson environment while using theenergy.

Asthefoss| fud economy growsincreasingly un-
sustainable, it becomes more and moreimportant that
humanity devel opsaternativeenergy solutions. Climate
changeisoccurring at an aarming pace, disrupting the
biosphere, facilitating international conflictsover finite
resources, and destabilizing the globa economy. Syn-
thetic biology, theintegration of multiplescientific disci-
plines, provides scientistswith apath towards rapid
devel opment of renewablefuesviabiologica systems.
For instance, the most widdly used biofuel isethanaol
produced from corn or sugar can€'?, however, the
heavy agricultural burden combined with the subopti-
mal fuel properties of ethanol make thisapproach to
biofuelsproblematic and limited. Microorganismsen-
gineered with optimized biosynthetic pathwaysto effi-
ciently convert biomassinto biofue sarean dternative
and promising source of renewableenergy. Thesestrat-
egieswill succeed only if their production costscan be
made to compete with, or even outcompete, current
fuel production costs. Similarly, thereare many drugs
for which expens veproduction processes precludethelr
capacity for awider theragpeutic reach. New synthetic
biology toolswould a so greetly advancethe microbia
production of biomaterid sand the devel opment of nove
materias.

Syntheticbiology isbeing used intwo different pro-
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cessesfor biofuelsproduction, first isusing synthetic
enzymesto break down biomassinto sugarsfor fuel,
and second is creating microbesthat producefuel di-
rectly. Enzymesarebeing engineered into microbesthat
can break down biomass much quicker than traditional
methods. Synthetic DNA that codesfor theseenzymes
isinserted into microbesthat then produce these syn-
thetic enzymes. These enzymes can now betailored
towards specific typesof biomass, such aswoodchips
or corn stalks, and increasetherate a which they are
broken down into sugarsthat can then be fermented
into ethanol or other types of fuels. The second ap-
proach being used to produce biofuelsisthrough cre-
aingorganisms, largely dgae, that producebiofud sdi-
rectly. Synthetic a gae or other microbesdo not neces-
sarily require biomassto producefuel, unlike organ-
ismswith synthetic enzymes, and instead can produce
lipidsthat are processed into fue sfrom sunlight, water,
andfertilizers.

It isnoteworthy that certain microorganismshave
evolved to beproficient in converting lignocellulosic
materid toethanol, biobutanol and other biofuds. These
nativeisolates possessunique catabolic activity, height-
ened tolerances for toxic materialsand ahost of en-
zymesdesigned to bresk down thelignocel lulosic com-
ponents. Unfortunately, thesehighly desired properties
existin pathwaysthat aretightly regul ated according to
thehost’s evolved needs and therefore may not be suit-
able in their native state for production scale. A
longstanding challengein metabolic and genetic engi-
neering isdetermining whether toimprovetheisolate
host’s production capacity or whether to transplant the
desired genesor pathwaysinto anindustria mode hogt,
suchasE. coli or S. cerevisiag*l,

Synthetic biology might accel eratethe devel opment
of second-generation biofuel §' that can be prepared
from agricultural wasteand plant residues, so avoiding
competition with cropsgrown for food. Synthetic biol-
ogy involves engineering microbesto produce specifi-
caly desred fuds, especidly hydrocarbon fuel sthat are
“drop-in” replacements for petroleum diesel and gaso-
line. Thework that has been done thusfar has been
targeting thedevel opment of microbesthat “cat’ sugar
moleculesand excrete diesd-likefue™3.

However, for fuel production, thechoiceisnot just
between dirty fossi| fuelsand productsfrom synthetic
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organisms. Instead of turning to biofuelsto savethe
environment, investmentscan bemadein clean energy
technologiesand updating the energy grid so it can be
connected to wind turbines, solar panels, and el ectric
carsacrossthecountry. Investmentsin energy efficiency
can reduce the strain on energy resources. There
wouldn’t be a need for synthetic bacteria to eat up oil
spillsif noonewasusingdirty oil for energy andif the
corporationsthat contaminatethe environment were
held accountable. Oil created from synthetic organisms
that mimicsthestructureof naturd oil only degpensde-
pendence on an out-dated energy infrastructure. And
asarecent study has shown, biofuelsfrom a gae may
not evenreduceoverall emissiong™.

Sustainableener gy for sustainable development

Inthissection, wefirst discussthe definitions of
sustainable energy and sustainabledevel opment, then
wefocus onthe concept of eco-efficiency.

Themost gppropriatedefinitions of sustainablede-
velopment are as, Devel opment that meetsthe needs
of the present without compromising theability of fu-
ture generationsto meet their own needs, the ability to
meet the needs of the present while contributing to the
future generations’ needs!*.

According to UNEP/SEFI/NEF*, sustainableen-
ergy includessolar, wind, biofudls, biomassand waste
to energy, marine and small-hydro, geothermal, effi-
ciency, and other low-carbon technol ogies/services. It
excludeslarge-scale hydro (>50MW) and al nuclear
power. Sustainableenergy isto providethe energy that
meets the needs of the present without compromising
theability of future generationsto meet their needs. It
hastwo components,renewabl eenergy and energy ef-
fidency.

Renewable energy

It usesrenewabl e sources such biomass, wind, sun,
waves, tidesand geothermal heat. Renewabl e energy
systemsincludewind power, solar power, wave power,
geothermal power, tidal power and biomass based
power. Renewabl eenergy sources, such aswind, ocean
waves, solar flux and biomass, offer emissons-freepro-
duction of electricity and heat. For example, geother-
mal energy isheat from within theearth. The heat can
berecovered as steam or hot water and useit to heat
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buildingsor generate electricity. The solar energy can
be converted into other formsof energy such as heat
and dectricity andwind energy ismainly used to gener-
ateelectricity. Biomassisorganic materiad madefrom
plantsand anima's. Burning biomassisnot theonly way
to relesseitsenergy. Biomass can be converted to other
useableforms of energy, such asmethanegasor trans-
portation fuels, such asethanol andbiodiesd (cleand-
ternativefues) . Renewablesarelesspolluting, bothin
termsof loca emissions(such asparticulates, sulfur, and
lead) and greenhousegases, carbon dioxideand meth-
ane, that cause global warming. They are also more
labor intensive, requiring moreworkforce per unit of
energy than conventiond fossil fue §7.

Energy efficiency

Sugtainableenergy systemsa so includetechnol o-
giesthat improveenergy efficiency of systemsusngtra-
ditiond nonrenewablesources. Improving theefficiency
of energy systemsor developing cleaner and efficient
energy systemswill slow down the energy demand
growth, makedeep cut infossil fuel useand reduce
the pollutant emissions. For examples, advanced fos-
Sl-fud technol ogiescould sgnificantly reducetheamount
of CO, emitted by increasing the efficiency withwhich
fuelsareconverted to electricity. Optionsfor coal in-
cludeintegrated gasification combined cycle (IGCC)
technology, ultra-supercritical steam cyclesand pres-
surized fluidized bed combustion. For thetransporta-
tionsector, dramaticreductionsin CO, emissionsfrom
trangport can beachieved by usng availableand emerg-
ing energy-saving vehicletechnologiesand switchingto
dternativefuelssuch ashiofuels (biodiesdl, ethanal).
For industrid gpplications, making greater useof waste
hest, generating e ectricity on-dte, and puttingin place
moreefficient processesand equi pment could minimize
externd energy demandsfromindustry. Advanced pro-
cess control and greater reliance on biomassand bio-
technologiesfor producing fuels, chemicasand plas-
tics could further reduce energy use and CO, emis-
sions. Energy useinresidential and commercia build-
ings can be substantialy reduced withintegrated build-
ingdesign. Insulation, new lighting technol ogy and effi-
cient equipment are some of the measuresthat can be
used to cut both energy losses and heating and cooling
needs. Solar technol ogy, on-site generation of heat and

power, and computeri zed energy management systems
within and among buildings could offer further reduc-
tionsin energy useand CO, emissionsfor residential
and commercid buildings.

According to definition of sustainableenergy, dam-
age of environment isanother major concern for sus-
tainableenergy devel opment. Environmenta efficiency
isclosdly linked to working of sustainableand renew-
able energy devel opment concerns.

Theterm eco-efficiency was coined by theWorld
Business Council for Sustainable Development
(WBCSD). It isbased on the concept of creating more
goods and serviceswhileusing fewer resourcesand
creating lesser waste and pollutionf*#,

WBCSD haspointed out seven mgor elementsin
consi dering eco-efficiency of devel oping environmen-
td friendly productsor processesfor reducing environ-
mental impactg®.

* Reducethematerial intensity of itsgoods and ser-

ViCes.

* Reducetheenergy intensity of itsgoods and ser-

ViCes.

» Reducethedispersion of any toxic materias.
« Enhancetherecyclability of itsmaterids.
+ Maximize the sustainable use of renewable re-

SOUrces.

+ Extendthedurability of itsproducts.
* Increasetheserviceintensity of itsgoodsand ser-

ViCes.

CONCLUSIONS

The development of cleaner and efficient energy
technol ogiesand the use of new and renewabl e energy
sourceswill play animportant rolein the sustainable
devel opment of afuture energy strategy. In order to
achieve sustai nable devel opment thefollowing points
arecrucial.

A sustainablefuturerequiresatransformation from
today’s energy systems to those with @ radica improve-
mentsin energy efficiency, especially inend use, and @
greater shares of renewable energies and advanced
energy systemswith carbon capture and storage(CCS)
for both fossil fuelsand biomass.

Efficiency improvement isproving to bethe most
cogt-effective, near-term optionwith multiple benefits,
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such asreducing adverse environmental and healthim-
pacts, dleviating poverty, enhancing energy security
and flexibility in selecting energy supply options, and
creating empl oyment and economic opportunities.
The share of renewable energy in global primary
energy couldincreasefromthecurrent 17%to between
30% to 75%, and in some regions exceed 90%, by
2050. If carefully devel opedr, enewable energies can
provide many benefits, includingjob creation, increased
energy security, improved human hedlth, environmenta
protection, and mitigation of climate change.
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