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Worldwide, global energy systems face an array of challenges, from access for the poor to reliability and security. 
Meanwhile, the provision of energy creates local human and ecological health impacts as well as dangerous 
global climate change. Addressing these issues simultaneously will require a fundamental transformation of 
the energy system. Recent assessments show that such a transformation is achievable in technological and 
economic terms, but it will present formidable supply- and demand-side challenges as well as problems of 
governance, transparency and reliability across scales. 

This policy brief presents a long-term vision for the energy system and describes the elements required for the 
transition towards this vision. To succeed, this transformation must integrate several key components, including 
a focus on high levels of energy efficiency and the scale up of investments in technology deployment as well as 
research, development and demonstration (RD&D).
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Summary of key points and policy recommendations
zz Tozachievezthezmultiplez

objectiveszofzthezenergyz
systemztransformation,zthez
implementationzofzazlargez
numberzofzsystemzchangeszmustz
beginztoday.

zz Integratedzpolicieszinzsupportzofz
transformationzobjectiveszcanz
havezimportantzsynergies.

zz Azlong-termzvisionzforzthez
energyzsystemziszessential,z
givenzthezcriticalzimportancezofz
thezsystemztozsocietyzandzthez
involvedzinertiazthatzslow-downz
thezrequiredztransformation.

zz Azsuccessfulztransformationz
mustzscalezupzinvestmentszinz
deploymentzandzRD&Dzandzalignz
thesezinvestmentszwithzthezlong-
termzvision.zScenariozanalysisz
showszthat:z

z– zEnergyzefficiencyziszlikelyz
tozplayzazkeyzrole.zTransfor-
mationzpathwayszztypicallyz
achievezenergyzintensityz
improvementzrateszthatzarez
doublezthezhistoricalzratezofz
change.

z– Azbroadzportfoliozofzsupply-
sidezoptions,zfocusingzonz

low-carbonzenergyzfromz
non-combustiblezrenewables,z
bioenergy,zcarbonzcapturez
andzstoragez(CCS)zandznuclearz
energyzmustzprovidez60–80%z
ofzthezworld’szprimaryzenergyz
byz2050.zThiszrequireszthez
furtherzdevelopmentzofz
storage,zconversionzandz
end-useztechnologiesz
andzinfrastructures,zsuchz
aszsmartzandzsuperzgridsz
and,zinzgeneral,zazrapidz
decarbonizationzofzenergyz
systems.z

z– Universalzaccessztozelectricityz
andzcleanzcookingzbyz2030z
shouldzbezthezmostzurgentz
priority,zbutzthiszwillzbez
difficultztozachievezandzwillz
requirezglobalzpartnershipsz
andzconcentratedzefforts,z
especiallyzinzsub-Saharanz
AfricazandzpartszofzAsia.

z– Inztheztransportationzsector,z
electrificationzorzthezintro-
ductionzofzhydrogenzvehiclesz
couldzincreasezthezflexibilityz
ofzsupplyzandzimprovezthez
overallzcost-effectivenesszofz
thezenergyzsystemztransfor-

mation.zThezbenefitszofzthisz
transitionzwillzdependzonzthez
simultaneouszdecarboniza-
tionzofzthezelectricityzandz
hydrogenzsupplieszandzthez
sustainabilityzofzthezmateri-
alszusedztozconstructzthez
vehicles.

z– zInzthezbuildingzsector,z
achievingzrapidzimprovementz
ofzthermalzintegrityzthroughz
establishingzzstandardszforz
newzconstructionszandz
retrofitting,zalongzwithz
improvedzapplianceszandz
innovativezbusinesszmodelsz
(suchzaszenergyzservicez
companies),zholdszthez
potentialztozreducezenergyz
demandzdramatically.z

z– Inzthezindustryzsector,z
energyzdemandzmayzbez
reducedzsubstantiallyzbyzthez
widespreadzadoptionzofzthez
bestzavailableztechnology,z
thezretrofitzofzexistingzplants,z
optimizationzofzmaterialzflowsz
andzenhancedzrecycling.
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THE ENERGY CHALLENGE

T
hroughoutzmodernzhistory,z
energyzsystemszhavezbeenzcentralz
tozeconomiczdevelopmentzandz
socialzprogress.zEnergyzsystems,z
however,zhavezalsozplayedzazkeyz

rolezinzhumanity’sznegativezimpactzonzthez
globalzenvironment.zClearly,zthezfurtherz
developmentzofzthezenergyzsystemziszofz
criticalzimportanceztozachievingzsocieties’z
economic,zenvironmentalzandzsocialz
sustainabilityzobjectives.z

Inzthiszcontext,zcurrentzenergyzsystemsz
facezseveralzmajorzchallengeszthatzmustz
bezaddressedzurgentlyzandzcomprehen-
sively.zFirst,ztozsupportzeconomiczdevel-
opment,zenergyzsystemszneedztozbezablez
tozdealzwithzthezrapidlyzincreasingzglobalz

demandzforzenergyzservices.zSecond,z
accessztozmodernzandzcleanzformszofz
energyzneedsztozbezextendedztozthez40%z
ofzthezglobalzpopulationzwhozcurrentlyz
cookzwithzsolidzfuelszandzgenerallyzlackz
reliable,zaffordablezandzlow-pollutionz
householdzenergyzresources.zThird,ztoz
preventzdangerouszclimatezchange,zad-
versezhealthzeffectszandzseriouszimpactsz
onzland,zwaterzandzbiodiversity,zenergy-
relatedzemissionszneedztozbezreduced,z
andzthezresource-efficiencyzofzthezenergyz
systemszneedsztozbezimproved.zFourth,z
energyzsecurityzforzallznationszandz
regionszmustzbezensured.zLastly,zchangesz
inzpolicieszarezneededzinzorderztozcreatez
incentiveszandztozguaranteezazlong-termz

commitmentztozenergyzinvestmentszandz
financing.

Basedzonzthesezchallenges,zitziszclearzthatz
azmajorztransformationzofzthezenergyz
systemzisznecessary.zInzthiszbrief,zwez
discusszthezmultiplezchallengeszandz
possiblezsustainablezenergyzpathwaysz
tozaddresszthesezchallengeszinztermsz
ofzbothztechnologieszandzpolicy.zThez
assessmentziszbasedzonzazsetzofzrecent,z
studies,zincludingzthezGlobalzEnergyz
Assessmentz(GEA)1,zworkzonzthez
RepresentativezConcentrationzPathwaysz
(RCPs)2,zthezInternationalzEnergyzAgency’sz
WorldzEnergyzOutlookz3,zseveralzmodelz
comparisonzstudieszandzscientificzpapersz
onzenergyztransformations.

1.z GEA.z2012.zThe Global Energy Assessment: To-
ward a Sustainable Future.zCambridgezUniversityz
Press,zCambridgezandzIIASA,zLaxenburg.

2.z zVanzVuurenzD.P.zetzal.z2011.zRepresentativez
ConcentrationzPathways:zAnzOverview.zClimatic 
Changez109:5–31.

z3.zzIEA.z2011.zWorld Energy Outlook 2011.zParis.z
InternationalzEnergyzAgency.

THE MAJOR ENERGY ISSUES
Increasingzdemandzforzenergyz
services

Globalzdemandzforzenergyzhaszgrownzrap-
idlyzsincezthezindustrialzrevolution,zwhichz
ignitedzanzexplosivezgrowthzinzmaterialz
consumptionzthatzhaszbeenzfedzmainlyz
byzfossilzfuels.zFromz1850ztoz2005,zglobalz
energyzdemandzgrewzatzmorezthanz2%z
annually.zMostz‘business-as-usual’zenergyz
scenariosz(i.e.zassumingznozmajorzpolicyz
changes)zanticipatezthatzenergyzdemandz
willzcontinueztozgrowzworldwidezandz
iszlikelyztozatzleastztriplezduringzthez21stz
century.zGrowingzdemandzinzlow-incomez
regionszwillzdrivezmuchzofzthiszgrowth.z

Mostzofzthezbusiness-as-usualzscenariosz
indicatezthatzfossil-fuelzenergyzprices,z
especiallyzforzcoal,zwillzremainzlowerzthanz
thosezofzalternativezsourceszforzazlongz
time.zInzthezabsencezofztargetedzpoli-
cies,zfossilzfuelszarezthuszlikelyztozretainz
theirzdominantzmarketzshare.zAndzthisz
iszdespitezthezfactzthatzmostzofzthesez
scenarioszalsozanticipatezazsignificantz

increasezinznon-fossilzenergyzproduction.z
Forzzconventionalzoilzandznaturalzgas,zthez
depletionzofzeasilyzexploitablezreservesz
willzeventuallyzresultzinzpricezincreases.z
Thezlikelyzconsequencezwillzbezazfurtherz
surgezinzthezexploitationzofzunconven-
tionalzresources,zsuchzasztarzsandszandz
shalezrock,zwhichzarezassociatedzwithz
higherzgreenhousezgaszemissionszthanz
conventionalzpetroleumzsources.

Energy-intensivezlifestyleszandzthez
zinefficiencyzofzmuchzofzthezenergyz
system,zparticularlyzatzthezlevelzofzenergyz
services,zarezthezmajorzdriverszofzfurtherz
growthzinzenergyzneeds.zAlthoughzef-
ficiencyzenhancementszarezpotentiallyz
regardedzasz‘low-hangingzfruit’,zwithzlowz
orzevenz‘negative’zcosts,ztheyzhavezprovenz
difficultztozrealize,zaszazresultzofzinstitu-
tional,zmarketzandzpoliticalzbarriers.z

Lackzofzenergyzaccessz
Thezpoorestzthree-quarterszofzthezworld’sz
populationzcurrentlyzusezonlyzone-tenthz
ofzthezworld’szenergy.zAroundz1.5 billionz

peoplezstillzlackzproperzaccessztozelec-
tricityzandzaroundz3zbillionzarezwithoutz
accessztozmodernzfuelszandzappliancesz
forzcooking.zMostzruralzandzlow-incomez
urbanzhouseholdszinzdevelopingznationsz
stillzmostlyzdependzonztraditionalzbiomassz
(includingzcharcoalzand,ztozazlesserzextent,z
coal)ztozmeetztheirzcookingzenergyzneeds.z
Althoughzthezpercentagezofzpeoplez
withoutzcleanzfuelszforzcookingzhaszbeenz
falling,zthezabsoluteznumberziszlargerz
thanzatzanyzotherztimezinzhumanzhistory.z
Inzthezabsencezofzdedicatedzpolicieszandz
investmentszinzinfrastructure,ztheznumberz
ofzpeoplezwithoutzaccesszwillzcontinuez
tozincrease,zwithzanzattendantzgrowthzinz
adversezhealthzimpactszfromzhouseholdz
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airzpollution.zFigurez1zshowszthezhotzspotsz
wherezpopulationszarezmostzseverelyz
affectedzbyzazlackzofzaccessztozenergyzasz
wellzaszbyzprematurezdeathszcausedzbyz
householdzairzpollution.

Environmentalzrisks
Energyzusezplayszazkeyzrolezinzmostz
environmentalzchallenges,zrangingzfromz
localztozglobal,zincludingzclimatezchange,z
householdzandzregionalzairzpollutionzandz
problemszrelatedztozthezunsustainablez
usezofzlandzandzwaterzresources.z

Climatezchangez
Energy-relatedzemissionszfromzcarbonzdi-
oxidez(CO

2
)zandzotherzgreenhousezgasesz

increasedzrapidlyzduringzthezlastzcentury.z
Thezmajorzsharezofzcurrentzgreenhousez
gaszemissionszoriginateszfromzthezenergyz
sectorzandzthiszshareziszexpectedztoz
increasezfurther.zWithoutznewzpolicies,z
emissionszwillzcontinueztozgrowzthrough-
outzthez21stzcenturyzatzaboutzthez
historicalzratez(Figurez2).zThisziszexpectedz
tozleadztozanzincreasezofzglobalzmeanz
surfaceztemperaturezofz4–5 degreesz

Celsiusz(°C)zabovezpre-industrialzlevels,z
bringingzwithzitzsignificantzriskszofzdam-
ageztozuniquezecosystemszandzhumanz
wellbeing.zTozlimitzclimatezchange,zdeepz
reductionszinzemissionszareznecessary.z
Low-emissionzscenarios,zforzinstance,z
showzthatzemissionszwouldzneedztozbez
reducedztozaroundz50%zofzthez2000zlevelz
byz2050zandztozaroundzzerozbyzthezendzofz
thezcenturyzinzorderztozachievezatzleastzaz
50%zprobabilityzofzmeetingztheztargetzofz
azmaximumz2°Czincreasezinztemperature.

Airzpollution
ThezGEAzestimateszthatzcurrentzenergyz
systemszarezresponsiblezforzaroundz
5 millionzprematurezdeathszannuallyz
andzmorezthanz8%zofzallzillzhealthz(lossz
ofzhealthyzlifezyears,zdueztozbothzillnessz
andzprematurezdeath),zaszazresultzofz
airzpollutionzandzotherzenergy-relatedz
causes.zOutdoorzairzpollutionzfromz
energyzsystemszaloneziszcurrentlyz
responsiblezforzaroundz2.7 millionz
prematurezdeathszeachzyearzinzurbanz
andzruralzpopulations,zparticularlyz
inzdevelopingzcountries.zHouseholdz
pollutionzfromzthezincompletez
combustionzofzsolidzfuelsziszestimatedz
tozcausezsomez2.2zmillionzadditionalz
prematurezdeathszannuallyzaszwellzasz
contributingzazsignificantzpercentagez
ofzoutdoorzpollutionzinzmanyzareas.z
Implementingzexistingzairzpollutionz
controlzpolicieszwouldzgloballyzresultzinz
onlyzmodestzemissionzreductionszandz
inzmanyzdevelopingzcountrieszstillzimplyz
increasingzemissionszcomparedztoztoday.z
Thezfurtherztighteningzofzsuchzpolicieszorz
theirzintegrationzintozrelatedzpoliciesz(inz
particularzclimatezpolicy)zarezneededztoz
reducezthezburdenzofzdiseasezfromzthez
energyzsector.

Landzandzwaterzsystems
Bothzfossilzfuelszandzrenewablezformszofz
energyzcanzhavezseriouszimpactszonzlandz
andzwaterzsystems.zBioenergyzproduc-
tionzusingzdedicatedzcropszcouldzrequirez
vastzlandzareaszandzincreasezfreshwaterz
usezaszwellzaszcompetezwithzotherzusesz
ofzscarcezproductivezland,zsuchzaszfoodz

Figure 1.zIllustrativezfigurezforzpopulationszlackingzaccessztozcleanzcookingzfuelzandzelectricityzinzmajorz
problemzregionszofzsub-SaharanzAfricazandzSouthzandzSoutheastzAsia.zColourszdenotezlackzofzaccessztoz
cleanzcookingzfuelzandzhatchedzareaszdenotezazlackzofzaccessztozelectricity.zTheztablezgiveszthezregionalz
costszandzrelatedzhealthzbenefitszthatzwillzresultzfromzattainingzuniversalzaccesszinzthesezregionszbyz2030.z
Notezthatzthesezregionszaccountzforzoverz85%zofztheztotalzglobalzpopulationzwithoutzaccessztozelectricityz
andzoverz70%zofzthezglobalzpopulationzthatzstillzdependszonzsolidzfuels.z
Source:zRiahizetzal.,z2012z(seezreferences)
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Required Access Financing
billionzUS$z(ofz2005)z

(2010–2030)
Health benefits   

(averagezannualzdeathsz
avoidedz–zmillions)Cooking Electricity

Sub-Saharan Africa 130–140 160–210 0.5

South Asia 160–180 55–60 0.8

Pacific Asia ~z20 10–60 0.3

Figure 2.zThezrangezinzemissionszforzscenarioszwithoutzazclimatezpolicy,zaszcomparedzwithzscenarioszthatz
aimztozstabilizezCO

2
zconcentrationszconsistentzwithzaztargetzofz2z°C.zForzillustration,zthezscenarioszofzthez

GlobalzEnergyzAssessmentz(GEA)zandzthezRepresentativezConcentrationzPathwaysz(RCP)zarezshown.zThez
right-handzpanelzshowsztheztemperaturezoutcomezofzaztypicalzscenariozwithoutzazclimatezpolicyzversusz
az450zppmzstabilizationzscenarioz(thezuncertaintyzrangezherezrepresentszthezuncertaintyzinzcarbonzcyclez
andzclimatezsensitivity).z
Sources:zRiahizetzal.,z2012zandzVanzVuurenzetzal.,z(2011);zseezreferences.

2010 2040 2070 2100
-20

0

20

40

60

80

100

120

140
 GEA scenarios

 RCPs

Em
is

si
on

s (
G

tC
O

₂) Business-as-usual

Sustainable 
worlds

Business-as-usual

Sustainable 
worlds

1980 2010 2040 2070 2100
0

1

2

3

4

5

6

Te
m

pe
ra

tu
re

 (º
C)



5RIO+20 POLICY BRIEF #8: An energy vision for a planet under pressure  

productionzandzbiodiversity.zBioenergyz
mayzalsozbezassociatedzwithzsubstantialz
greenhousezgaszemissionszfromzthezusez
ofznitrogenzfertilizerszaszwellzaszCO

2
zemis-

sionszfromzdirectzandzindirectzland-usez
change.zThezimpactzofzbioenergyzuse,z
however,zdependszonzseveralzfactors,z
suchzasztheztypezofzcropz(e.g.zfirstzversusz
secondzgenerationzcrops),zassumedz
yieldszandzthezselectionzofzspecificzbio-
energyzchains.zOtherzrenewablezsourcesz
(e.g.zhydropowerzandzwindzpower)zmayz
alsozaffectzlandzuse,zalthoughztheirzim-
pactszarezlikelyztozremainzlocalized.z

Energyzsecurity
Thezuninterruptedzprovisionzofzvitalzener-
gyzservicesz–z‘energyzsecurity’z–ziszazhighz

priorityzforzeveryznation,zcityzandzcom-
munity.zForzmostzindustrializedzcountries,z
energyzsecurityziszrelatedztozimportz
dependencyzandzagingzinfrastructure,z
whilezmanyzemergingzeconomieszhavez
additionalzvulnerabilities,zsuchzaszinsuffi-
cientzcapacity,zhighzenergy-intensityzandz
rapidzgrowthzinzdemand.zEnergyzsecurityz
iszmostzpertinentzforzoil,zwhichzcurrentlyz
playszazdominantzrolezinztheztransportz
systemzworldwide,zbutzwhosezresourcesz
arezgeographicallyzconcentratedzinzonlyz
azfewzcountrieszandzregions.zMoreover,z
limitedzproductionzcapacitieszresultzinz
pricezvolatilitieszthatzaffectzlow-incomez
countrieszinzparticular.zForznaturalzgas,z
supplyzconcernszarezmostlyzregionalzandz
continental.z

Lackzofzlong-termz
investments
Onezfactorzthatzamplifieszthezissuesz
describedzaboveziszthezlackzofzazlong-
termzfocuszinzcurrentzenergyzpolicies.z
Forzexample,zRD&Dzinvestmentszhavez
forzdecadeszseriouslyzlaggedzbehindzthez
growthzinzenergyzconsumption,zalthoughz
thisztrendzhaszreversedzinzrecentzyears.z
Investmentszinzthezenergyzsystemzandz
infrastructurezshouldzbezconsistentzwithz
azlong-termzvision,zgivenztheztendencyz
tozinertia.zEnsuringzsufficientzfinancez
throughzappropriatezmechanismszwillz
thuszbezazkeyzchallengezinztheznearz
future,zparticularlyzgivenzthezcurrentzin-
stabilityzinzfinancialzmarketsz(seezTable 1).z

Table 1:zEnergyzinvestmentszneededztozachievezsustainabilityzobjectivesz(limitingzclimatezchangeztoz2°C,zreducingzenergy-relatedz
airzpollution,zimprovingzenergyzsecurityzandzachievingzuniversalzenergyzaccesszbyz2030)zandzsupportivezpolicyzmechanismszforz
mobilizingzfinancialzresources.zSource:zRiahizetzal.,z2012z(seezreferences).

Investmentz
(billionzUSD/year) Policy mechanisms

2010 2010–2050 Regulation,zstandards Externalityzpricing
Carefullyzdesignedz

subsidies Capacityzbuilding

Efficiency n.a.1 290–8002 Essential  
(elimination of less   
efficient technologies  
every few years)

Essential 
(cannot achieve dramatic 
efficiency gains without 
prices that reflect full costs)

Complement 
(ineffective without  
price regulation; multiple 
instruments possible)3

Essential 
(expertise needed for  
new technologies) 

Nuclearz
energy

5–404 15–210 Essential 
(regulation of waste 
disposal and of fuel cycle  
to prevent proliferation)

Uncertain 
(GHG pricing helps nuclear 
energy but prices reflecting 
nuclear risks would hurt)

Uncertain 
(has been important in the 
past, but with GHG pricing 
perhaps not needed)

Desired 
(need to correct the loss 
of expertise in recent 
decades)5 

Renewablez
energy

190 260–1010 Complement 
(feed-in tariff and renew-
able portfolio standards in 
order to overcome imple-
mentation barriers)

Essential 
(GHG pricing is key to 
rapid development of 
renewables) 

Complement 
(tax credits for R&D 
or production can 
complement GHG pricing)

Essential 
(expertise needed for new 
technologies)

CCS <1 0–64 Essential 
(CCS requirement for all 
new coal plants and phased 
in for existing plants)

Essential 
(GHG pricing is essential, 
but even this is unlikely to 
suffice in the near term)

Complement 
(would help with first plants 
while GHG price is still low)

Desired 
(expertise needed for  
new technologies)5

Infra-
structure6

260 310–500 Essential 
(security regulation   
critical for some aspects  
of reliability)

Uncertain 
(neutral effect)

Essential 
(customers must pay for 
reliability levels they value)

Essential
(expertise needed for  
new technologies)

Accessztoz
electricityz
andz
cleanerz
cooking7

n.a. 36-41 Essential 
(ensure standardization 
but must not hinder 
development)

Uncertain 
(could reduce access by 
increasing the costs of  fossil 
fuel products)

Essential 
(grants for grid, 
 microfinancing for 
appliances, subsidies  
for cooking fuels)

Essential 
(create enabling 
environment:  technical, 
legal, institutional,  
financial)

1.zzGlobalz investmentsz intoz efficiencyz improvementsz forz thez yearz 2010z
arez notz available.zThez best-guessz estimatez forz investmentsz intoz energyz
componentsz ofz demand-sidez devicesz isz byz comparisonz aboutz 300$z
billionzperzyearz(GEA).zUncertaintyzrangeziszbetweenzUS$100zbillionzandz
US$700zbillionzannuallyzforzinvestmentszinzcomponents.zAccountingzforz
thezfullzinvestmentzcostszofzend-usezdeviceszwouldzincreasezdemand-sidez
investmentszbyzaboutzanzorderzofzmagnitude.

2.zzEstimatezincludeszefficiencyzinvestmentszatzthezmarginzonlyzandziszthusz
anzunderestimatezcomparedzwithzdemand-sidezinvestmentszintozenergyz
componentszgivenzforz2010z(seeznotez1).zz

3.zzEfficiencyzimprovementsztypicallyzrequirezazbasketzofzfinancingztools.
4.zzLower-boundz includesz traditionalz deploymentz investmentsz inz aboutz 2z

GWzcapacityzadditionszinz2010.zUpper-boundzalsozincludeszinvestmentsz
forzplantszunderzconstruction,zfuelzreprocessing,zandzestimatedzcostszforz
capacityzlifetimezextensions.

5.zzDependingz onz thez socialz andz politicalz acceptabilityz ofz thesez options,z
capacityzbuildingzmayzbecomezessentialzforzachievingzthezhighzestimatez
ofzfuturezinvestments.

6.zzOverallzelectricityzgridzinvestments,zincludingzinvestmentszforzoperationsz
andzcapacityzreserves,zback-upzcapacity,zandzpowerzstorage.z

7.zzAnnualzcostszforzalmostzuniversalzaccesszbyz2030z(includingzelectricityzgridz
connectionszandzfuelzsubsidieszforzcleanzcookingzfuels).
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DEVELOPING 
A ‘SOLUTIONS 
SCIENCE’ FOR 
THE ENERGY 

SYSTEM

4.z Improving energy securityziszanzimportantzpolicyz
goal,zbutzbecausezthisznotionziszinterpretedzsoz
differentlyzinzdifferentzcountrieszandzregions,zwez
haveznotzsetzazuniversalzgoal.

5.z Annual PM
2.5

 concentration < 10 µg/m3.zParticlesz
thatzarezsmallzenoughztozpenetratezintozthez
deepzlungz(PM

2.5
)zarezconsideredzthezbestzindi-

catorzofzthezriskzofzpollutionzfromzcombustionz
sources.

6.z Thezlikelihoodzofz50%zrefersztozphysicalz
climatezchangezuncertaintieszandzthuszdepictsz
thezchanceszthatzazspecificzgreenhousezgasz
pathwayzwouldzstayzbelowzthez2°Cztemperaturez
target.zThezlikelihoodzdoesznotzimplyzanyzpoliti-
calzorztechnologicalzprobabilityzofzstayingzbelowz
theztarget.

A VISION TOWARDS 2050
Policyzobjectives
Ourzvisionzofzazsustainablezenergyzfuturez
recognizeszthezimportancezofzthezenergyz
systemzforzhumanzdevelopmentzandz
thezneedztozmaintainzthezintegrityzofzthez
Earth’szbiophysicalzsystems.zSuchzazvisionz
shouldzentailzthezfollowingzelements:z4

zz Universal access to electricity and 
clean cooking by 2030.zAchievingz
thiszwouldzreducezthezcurrentz
reliancezofzazlargezpercentagezofzthez
populationzinzdevelopingzcountriesz
onztraditionalzbiomass.z
zz Energy for development by 2050.z

Provisionzofzaffordablezenergyzofz
sufficientzquantityzandzqualityzisz
crucialztozsupportzthezlong-termz
economiczdevelopmentzofzallz
countries.z
zz Reducing air pollution in 

compliance with the World 
Health Organization air quality 
guidelines5zforzthezmajorityzofzthez
worldzpopulationzbyz2030.z
zz Limiting global average tempera-

ture change to 2°C by 2100 above 
pre-industrial levels with a likeli-
hood of more than 50%.6

Globalzandzregionalzpolicyzframeworksz
needztozguidezthezimplementationzofz
measuresztowardszachievingzthezabovez
objectiveszsimultaneously.zInternationalz
cooperationzwillzbezimportantzforzseveralz

reasons:z1)zmeasureszcanzbezmorez
effective;z2)zpartieszcanzagreezonzazfairz
burden-sharing,zavoidingzfree-ridingz
orzcompetition;z3)zmeasureszmayzoftenz
bezimplementedzatzlowerzcosts,zand;z
4)zcountrieszlackingzcapacityzwillzneedz
internationalzsupport.z

Atzthezsameztime,zhowever,zthezcurrentz
negotiationszwithinzthezUnitedzNationsz
FrameworkzConventionzonzClimatez
Changez(UNFCCC)zshowzthatzcompetingz
nationalzinterestszcanzstiflezprogress.z
Therefore,zbindingzinternationalzpoliciesz
shouldznotzbezconsideredzthezonlyzwayz
tozmoveztowardszazmorezsustainablez
energyzsystem.zForzthezforeseeablez
future,znationalzandzregionalzinitiatives,z
includingzbottom-upzinitiativeszbyz
civilzsociety,zthezprivatezsectorzorzcitiesz
andzlocalzgovernments,zwillzbezequallyz
importantzinzadvancingzagendasztowardz
thezsustainabilityzobjectives.z

Integration
Onlyzanzintegratedzapproachztozenergyz
policyzcanzsimultaneouslyzfulfilzthez
policyzobjectiveszmentionedzabove.z
Suchzanzapproachzcanzaddresszbothzthez
trade-offszandzsynergies,zwhichzarezoftenz
overlooked,zbothzinzpolicyzdevelopmentz
andzinzactualzinvestmentszonzthezground.z
Inzmostzcountries,zseparatezministriesz
andzagencieszdealzwithzindividualzpolicyz
objectives,zratherzthanzengagezinzthez
integratedzpolicy-makingzthatziszrequiredz
forzcoherentzsolutions.zAzrelatedzproblemz
iszthatzeconomiczbenefits,zespeciallyz
thosezaccruedzoverzlongerzperiodsz
ofztimez–ze.g.zfromzenergy-efficientz
buildingszorzhealthzimprovementszfromz
cleanerzenergyzsupplyz–zarezoftenznotz
recoupedzbyzinvestorszorzpolicy-makers.z

Therezarezseveralzexampleszofzareasz
wherezintegrationzcouldzprovidezbenefits.z
Forzinstance,zdecarbonizationzofzthez
energyzsystemzwillzalsozleadztozimprovedz
airzqualityzandzgreaterzenergyzsecurity.zInz

thezcasezofzbioenergy,zpolicieszcanzonlyz
bezsuccessfulzifztheyzconsiderzthezimpactsz
onzclimate,zenergyzsecurity,zfoodzsystemsz
andzbiodiversity.zEmissionszofzshort-
livedzclimatezforcesz(e.g.zblackzcarbon)z
offerzanotherzexamplezofzhowzemissionz
reductionszmayzleadztozbothzhealthz
andzclimatezbenefitsz(seezthezSolutionsz
sectionzforzmorezonzintegration).

Energyzpathwayszthatzfulfilz
thezspace
Severalzstudieszshowzthatzdifferentz
combinationszofzmeasureszcanzleadztoz
energyzpathwayszthatzwouldzstabilizez
greenhousezgaszconcentrationzbelowz
450zpartszperzmillionz(ppm)zofzCO

2
z

equivalentz(ppmzCO
2
zeq)z(azlevelzrequiredz

tozkeepzglobalzmeanztemperaturezatzlessz
thanz2°Czabovezpre-industrialzlevelszwithz
azlikelyzchance).zThesezpathwayszindicatez
thezneedzforzgreenhousezgaszemissionz
reductionszofz40–60%zbyz2050.z

Improvingzenergyzefficiencyziszthezsinglez
mostzimportantzoption,zaszitzcanzcreatez
benefitszacrosszmultiplezpolicyzobjectivesz
simultaneously.zThisziszshownzacrosszaz
widezsetzofzdifferentzprojectionszbyzthez
EMF-22zmodelzcomparisonzstudyzandz
thezEnergyzModellingzForumzscenarios.z
zSuccessfulzstrategieszshouldzincludez
azrapidzintroductionzofzstrictzbuildingz
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codeszandzretrofitzofzbuildings,zthez
introductionzofzefficientztransportzmodesz
(orzreplacementzofztransportzbyzvirtualz
communication)zandzthezwidespreadz
adoptionzofzthezbest-availableztechnolo-
gieszinzindustryzandzappliances.

Energyzdemandzcanzalsozbezreducedzbyz
changingzconsumptionzpatternszandz
lifestylesz(e.g.zadoptingzvegetarianzdietsz
andzusingzmorezpublicztransport)zandzaz
lowerzpopulationzgrowth,zparticularlyz
inzthezlong-term.zWhilezsuchzmeasuresz
canzbezeffective,zintroducingzthesez
changeszmayznotzbezeasyztozinducez
throughzgovernmentzpolicieszasztheyz
affectzsocietalzandzculturalztraditionsz
andznorms.zExampleszofzpolicieszthatz
havezaffectedzpopulationzgrowthzinz
thezpastzincludezimprovementszinz
femalezeducationzandzfreezaccessztoz
reproductivezhealthzservices.

Onzthezsupplyzside,ztherezarezseveralz
importantzoptions.zAcrosszazsetzofz
450 ppmzCO

2
-eqzscenarios,zthezsharez

ofzunabatedzfossilzfuelzusezdeclinesz
fromz80%zofztotalzprimaryzenergyzinzthez
baselineztozonlyz35%zbyz2050.zThezrestzofz
thezsupplyzwouldzcomezfromzbioenergy,z
otherzrenewableszandznuclearzandzfossil-
fuelzenergyzcombinedzwithzCCS.

Althoughzmanyzoptionszhelpzaddressz
azspecificzobjective,ztheyzmayzalsoz
stiflezsustainabilityzinzotherzareas.z
Forzinstance,zCCSzandznuclearzpowerz
canzhelpzreducezgreenhousezgasz
emissions,zbutzmayzfacezproblemszofz
safezCO

2
zstoragezandzlocalzopposition.z

Renewableszalsozhavezlimitations,zforz
example,zwithzrespectztoztheirzlandzuse.z
Still,ztheyzcanzreducezgreenhousezgasz
emissions,zimprovezenergyzsecurityz
andzofferzbothzcentralizedzandzoff-sitez
energyzconversion.zMostzrenewables,z
however,zarezalsozintermittentzandz
requirezstoragezorzback-upzcapacitiesz
(usuallyznaturalzgaszorzhydropower).zThis,z
alongzwithzhighzup-frontzcapitalzcosts,z
keepszrenewablezenergyzpriceszhigh,z
despitezlowzlong-termzcosts.zAndzwhilez
allzenergyzcanztheoreticallyzbezproducedz
fromzrenewablezsources,ztherezarezlargez

economiczandzinfrastructuralzconstraintsz
tozachievingzthis.z

Long-termzinvestmentszneedz
tozbezscaledzupz
Achievingzthezenergyztransformationz
requireszdedicatedzeffortsztozincreasez
globalzenergy-relatedzinvestments.z
Presentzinvestmentziszneitherzsufficientz
for,znorzcompatiblezwith,zazsustainablez
investmentzportfolio.zThezglobalz
investmentszrequiredzforzachievingzazsetz
ofzsustainabilityztargetszarezestimatedz
atzUS$1.7–2.2ztrillionzannuallyz(toz
achievezadequatezsupplyzandzefficiency),z
comparedzwithzthezpresentzlevelzofzsomez
$1.3ztrillionz(lesszthanz2%zofzcurrentz
worldzgrosszdomesticzproduct).zForz
comparison,zannualzglobalzfossil-fuelz
subsidieszarezestimatedztozbezmorezthanz
US$0.4ztrillion,zwhilezcurrentzspendingzonz
environmentalzpolicieszinzOECDzcountriesz
iszaroundz1–2%zofzGDP.zInvestmentz
prioritieszincludezrenewables,zefficiencyz
andzinfrastructurez(seezTablez1);zthesez
investmentszarezanzorderzofzmagnitudez
largerzthanzthosezrequiredzforzachievingz
universalzenergyzaccess.

Therezarezfourzmainzshort-termzactionsz
neededztozfinancezthezlong-termz
transformationzofzenergyzsystems:z1)z
providezstablezframeworkzconditionsz
forzenergyzinvestments,zbasedzonz
stablezpolicyzframeworkzconditionsz
withzambitiousztargets;z2)zopenzupz
newzfinancingzsourceszforzdevelopingz
andznewlyzindustrializingzcountriesz
withinzthezscopezofzthezUNFCCC;z3)z
strengthenzmechanismsztozencouragez
privatezinvestment;zandz4)zencouragez
newzbusinesszmodelsztozovercomezthez
highzup-frontzinvestmentzburdenzforz
individualzinvestors.

Thezneedzforzpolicyzincentivesz
Differentzpolicyzmechanismszmustz
bezputzinzplaceztozimplementzvariousz
technologyzoptionszandzattractzthez
requiredzlevelzofzresources.zThezcorrectz
combinationzofzpolicyzmechanismsz
dependszonztheztypeszofztechnologiesz

andzobjectives.zTablez1zidentifiesz
policyzmechanismszthatzcanzsupportzaz
transitionztowardszsustainablezenergyz
systems.zThesezincludezregulationszandz
technologyzstandardszinzcombinationz
withzotherzinstruments,zsuchzasz
externalityzpricingz(e.g.zazcarbonztaxztoz
promotezdiffusionzofzrenewables,zCCSz
orzefficiency)zandztargetedzsubsidiesz
thatzmayzpromotezspecificzoptionszandz
improvezaffordability.z

Transformationziszbasedzonz
RD&Dzeffort
Thereziszazpronouncedzmismatchz
betweenzthezRD&Dzfocuszandzthez
technologieszthatzwouldzbezrequiredztoz
enableztheztransformation.zInzparticular,z
thereziszazsupply-sidezbias,zwithztoozlittlez
RD&Dzandzinvestmentzinzdemand-sidez
efficiency.zEfficiencyzrequireszsignificantz
up-frontzinvestments,zthezreturnszfromz
whichzwillzonlyzbezseenzinzthezlongzterm.z
Financingzefficiencyziszthuszazchallengez
underzcurrentzmarketzconditions,zwhichz
demandzhighzandzimmediatezrateszofz
return.zEnhancedzpubliczRD&Dzefforts,z
spurredzbyzpolicyzframeworkszthatzofferz
incentives,zcanzhelpzreducezthezcostszandz
makeztheztransformationzmorezattractive.z
Further,ztozbezeffectivezinzthezcontextzofz
sustainablezdevelopmentztransitions,z
RD&Dzpolicieszneedztozbecomezmorez
integrated,zsimultaneouslyzstimulatingz
thezdevelopmentzandzadoptionzofz
efficientzandzcleanerzenergyztechnologiesz
andzmeasures.z

Integratedzpolicymakingz
deliverszmorezforzless
Thezsumzofzrequiredzinvestmentszforz
resolvingzthreezenergy-relatedzglobalz
challengeszindependentlyzofzeachz
otherz–zmitigatingzclimatezchange,z
reducingzpollutionzandzincreasingz
energyzsecurityz–ziszmuchzlargerzthanz
thezcostszofztakingzanzintegratedzpolicyz
approachztozachievezthezsamezthreez
targetszsimultaneously.zWhetherzsuchz
anzapproachzcanzworkzdependszpartlyz
onzthezquestionzofzwhetherzinstitutionalz
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andzpoliticalzimpedimentsztozachievingz
morezintegratedzpolicy-makingzcanzbez
overcome,zgivenzvestedzinterests.

Energyzpolicyzmustzaccountz
forzdifferences
Aboutzhalfzofzthezworld’szpopulationz
liveszinzurbanzareas,zwhichzaccountzforz
60–80%zofzglobalzeconomiczoutputz
andzenergyzuse.zThiszshareziszexpectedz
tozincreasezfurther.zGivenztheseztrends,z
energyzusezinzcitieszwillzdominatezfuturez
energyzdemand.zUrbanizationzmayz
providezzopportunities,zsuchzaszhigherz
zefficiencyzaszcomparedzwithzruralz
settingszandzeasierzaccessztozfinance.zInz
azruralzsituation,zotherzformszofzenergyz
demandzarezmorezdominantz(e.g.z
irrigationzandztransport).zSuccessfulz
energyzpolicieszneedztozzaccountzforzthisz
heterogeneity.

Betterzgovernancezandz
societalzsupport
Reworkingzthezincentivezstructureszandz
governmentalzmachineryzfromzthez‘topz
down’zforzmorezintegratedzdecision-
makingziszonlyzpartzofzthezsolution.z
‘Bottom-up’zsocietalzsupportzwillzalsoz

bezanzessentialzelementzofzazsuccessfulz
transformation.zHowever,zlocalzinterestsz
doznotzalwayszmeshzwithzglobalzinterestsz
(e.g.zoppositionztozCCSzandzwindzpowerz
inzpartszofzEurope).zGainingzacceptancez
forzmajorzchangeszinzthezenergyzsystemz
willzdependzonztransparentzandzaccount-
ablezdecision-making,zwhichzneedsztoz
occurzaszpartzofzanzoverallzstrengtheningz
ofzthezinstitutionalzcapacitieszforzgovern-
ingzenergyzsystemszdevelopment.z

Inztheztransitionztowardszsustainablez
zenergyzsystems,zthezstateziszazcentralz
agent,zbutznotzthezonlyzone.zTheztransi-
tionzshouldzmobilizezdriverszofzchangez
fromzsocietyzaszazwhole.zInzthiszcontext,z
thezstatezplayszazrolezaszgoalzsetter,z
enablerzandzregulatorzaszwellzaszazkeyz
sourcezofzcapitalzforznecessaryzinvest-
mentszinzinfrastructurezandzRD&D.zThez
capacityzofzgovernmentsztozprovidez
timelyzregulatoryzmechanismszandz
incentivesztozpromotezanalysis,zfeedback,z
learningzandzadjustmentzofzenactedz
policieszwillzbezcrucialzforztransformingz
energyzsystems.zItziszalsozimportantzthatz
instrumentszforzgoverningztechnologi-
calztransformationszarezdifferentiated,z
dependingzonzthezstagezandzmaturityzofz
theztechnology.

Internationalzcooperationztoz
speedzupzimplementation
Mostzofzthezincreasezinzenergyzusezisz
expectedztoztakezplacezinzlow-incomez
countries,zwhichziszwherezmostz
investmentszwillzhaveztozbezmade.z
However,zdevelopingzcountrieszcarryz
substantialzbarriersztozimplementation,z
suchzaszlackzofzcapitalzandzappropriatez
financialzmechanisms.zInternationalz
cooperationz–zpartlyzbasedzonzexistingz
financialzinstrumentszdevelopedztoz
supportzinternationalzclimatezpolicyz
–zcanzhelpzremovezthesezbarriers.z
Furthermore,zstablezinstitutionalz
conditionszarezessentialzforzreducingz
perceivedzhighzriskszbyzinvestors.zThez
increasingzrolezofzemergingzeconomies,z
throughzwhichzmuchzglobalzeconomicz
developmentzwillztakezplace,zwillzbezaz
focuszofzinternationalznegotiations,zandz
mustzbezaccountedzforzinzinstitutionalz
arrangements.zMorezgenerally,zglobalz
cooperationztozenablezthezenergyz
transformationzdependsztozsomezextentz
onznationzstateszputtingzglobalzconcernsz
andzthezcommonzgoodzbeforeztheirzownz
short-termzinterests.
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