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(9)Role of renewable energy and energy efficiency in global energy scenarios 
 
A broad range of different global energy scenarios confirms that the exploitation of  energy efficiency potentials and the use of renewable energies play a key role in  reaching global CO
2 reduction targets. 



In scenarios aiming at the stabilisation of greenhouse gas concentration at 450 ppm  equivalent, the contribution of renewables to global primary energy supply reaches  between 31% (Greenpeace/EREC, Energy [R]evolution) and 23% (IEA World Energy  Outlook 2008, 450 Policy Scenario) in 2030. By 2050, renewables are expected to  contribute between 56% (Greenpeace/EREC, Energy [R]evolution) and 35% (IEA  Energy Technology Perspectives, BLUE Map) to primary energy supply. 



Differences in the share of renewables across scenarios are partly due to different  assumptions on the potentials for increasing energy efficiency. Compared to other  scenarios, the more ambitious reduction of energy demand in the Greenpeace/EREC  Energy [R]evolution scenario facilitates higher shares of renewables in energy  consumption. In the IEA scenarios, also nuclear and fossil technologies with carbon  capture and storage (CCS) are considered to be essential elements for achieving the  climate protection targets. In particular the use of CCS in the IEA WEO scenario  leads to high CO
2 abatement costs, as CCS is not expected to gain economic  competitiveness before 2030. It remains unclear what constraints the market uptake  of more cost effective renewable options in the IEA scenarios. 



While all scenario studies analysed provide a wealth of detailed information on  various technical and economic issues, there is a general lack of reporting key  assumptions in a comprehensive and transparent way, which sometimes makes  comparison across studies difficult. All studies analysed are particularly weak in  providing data on the heating sector, which in spite of its large contribution to fuel  consumption and CO
2 emissions in general is treated as a second priority only. A  more transparent documentation of basic assumptions and constraints is desirable  for any future scenario work. 


Global potentials of renewable energy sources 



The largest electricity generation potential on a global scale is seen for the solar 

technologies concentrating solar thermal power plants (CSP) and PV, followed by 

wind onshore and ocean energy. The global potential for direct thermal use of solar 

and geothermal energy several times exceeds global low temperature demand. 
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Current global final energy consumption is less than 5% of the overall projected  technical renewable energy potential. 


Costs of renewable energy technologies 



In general the cost estimates for renewable electricity generation technologies and  even long term cost projections across the key studies are in reasonable agreement. 



For well known technologies like PV or wind the differences in future cost  assumptions are quite small. Differences are larger for technologies in an early  development stage, for which there is not yet an established lead technology (like  wave energy). Differences between cost estimates can be large when site specific  conditions influence investment costs, like in the case of hydropower or geothermal  energy. The variation in cost data is also large when a variety of different technical  concepts and different applications exist, like in the case of biomass use. 



For most renewable energy technologies costs of renewable energy technologies in  IEA-ETP in general are towards the lower range of cost estimates, although the  share of renewables in the IEA scenarios in general is smaller than in the other  scenario studies. Costs for renewable energy technologies in the Greenpeace/EREC  scenario, which is a dedicated ‘renewables’ scenario, are in most cases higher than  the IEA estimates. 



Results show that for all renewable technologies except hydro it is expected that a  significant reduction in electricity generation costs can be realised over the next  twenty years. Taking into account an expected increase in fossil fuel prices and CO
2


emission costs, it is most likely that by 2030 most of the renewable electricity  generation technologies will be competitive against electricity generation from fossil  fuels. 



Cost data on renewable heating and cooling technologies are quite poor in all the  scenario studies analysed. As far as data are available, and taking into account the  large uncertainties which partly are due to differences in plant size and in the type of  application, there is a reasonable agreement across scenarios on cost data for solar  collectors and biomass heating systems. There is however a significant difference in  assumptions on costs for heat pumps using shallow geothermal resources. 


Global potentials of energy efficiency 



On a business-as-usual trajectory, worldwide final energy demand is expected to 

grow by 95% from 290 EJ in 2005 to 570 EJ in 2050. By exploiting the technical 

potential for energy efficiency improvement in that period the increase can be limited 

to 8%. Respecting the technical energy efficiency potentials, worldwide final energy 

demand can be reduced to 317 EJ in 2050. 
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10% below primary energy supply in 2005 (440 EJ) and 55% lower than the primary  energy supply in 2050 in the case of business-as-usual development. 


Costs and bounds of energy efficiency  



Few global studies on energy efficiency costs and benefits are available. Some  studies that calculate CO
2 mitigation costs for energy efficiency show large  differences in costs estimates. 



Cost estimates for efficiency measures are very sensitive to fuel price assumptions. 



They can change from positive to negative costs just by higher fuel price  assumptions. Also the discount rate used influences costs significantly as well as  assumptions regarding incremental investment costs of energy efficiency measures  and estimated fuel savings. Further research is therefore needed to estimate global  and regional costs of energy efficiency measures. 



We estimate that to implement the global technical potential as calculated in the  respective part of this report, annual costs equivalent to 0.5% of GDP in 2050 are  needed. 



It was found that there is a large potential for cost-effective measures, equivalent to  around 55-60% of energy savings of all included efficiency measures. There are  however a number of market failures and barriers that inhibit the uptake of energy  efficiency measures. These are e.g. insufficient and inaccurate information, capital  market barriers, low energy costs and low price elasticity. Policies aimed at removing  market barriers are important to stimulate energy efficiency improvement. 


Energy consumption and behavioural changes 



The results of the analysis on behavioural changes show that behavioural  dimensions are not sufficiently included in energy scenarios. Some scenarios  completely omit this dimension, other scenarios indicate that explicit behavioural  changes play a role, but the scenario modellers do not make explicit behaviour a  guiding principle in their modelling. Two explanations for these approaches (or  omittances) are possible: 1) explicit behavioural changes (of individual actors and  groups) are not considered to play a role in future energy systems 2) explicit  behaviour is considered to be too complex to be modelled in energy scenarios. 



It has to be discussed whether behavioural dimensions can be explicitly integrated 

into the existing architecture and logic of scenarios at all, or the scenario structures 

themselves have to be changed. It is still an open question to what extent explicit 

behavioural dimensions can be quantified at all or to what extent they have to remain 

a parameter that can only be analysed qualitatively. 
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scenario approaches to focus on behavioural changes as a major parameter. 



The integration of behavioural changes into current scenario structures remains a  great challenge that has not been addressed in a satisfactory way yet. As a first  approximation of integrating some aspects into scenario modelling, the focus should  be put on the following aspects: References to individual actors and consideration  and integration of social and cultural relations (context of “Lebenswelt”). A stronger  reflection of the normative orientations of the scenarios themselves should be  combined with the development of means to methodically deal with norms. 



Behavioural changes could be integrated better into more open and transparent  scenario models that allow detailed modifications of assumptions. Typical bottom-up  models could principally be used for this: they allow setting assumptions for each  sector and each technology separately, which helps to make the modelling and its  results as transparent as possible. 


Resumé 



The report’s results emphasise that there still is a considerable unexploited potential 

for renewable energy, energy efficiency as well as for behavioural changes to reduce 

future global energy-related CO
2 emissions. The overall technical and behavioural 

potentials for renewable energy technologies and energy efficiency improvements 

are significant. Further development is needed for their exploitation, in particular for 

overcoming economical, infrastructural and political constraints. 



(13)Die Rolle von erneuerbaren Energien und Energieeffizienz in globalen 
 Energieszenarien 



Die Analyse globaler Energieszenarien zeigt, dass für die Einhaltung globaler CO
2- Emissionsreduktionsziele die Ausnutzung der Potenziale der Energieeffizienz sowie  der Technologien zur Nutzung erneuerbarer Energien jeweils eine Schlüsselrolle  spielen. 



Szenarien, die eine Stabilisierung der Treibhausgaskonzentration auf einem Niveau  von maximal 450 ppm CO
2-Äquivalenten anstreben, erreichen im Jahr 2030 einen  Anteil erneuerbarer Energien zur Deckung des Primärenergiebedarfs zwischen 31% 



(Greenpeace/EREC, Energy [R]evolution) und 23% (IEA World Energy Outlook 2008,  450 Policy Scenario). Für das Jahr 2050 wird erwartet, dass der Beitrag erneuerbarer  Energien auf 56% (Greenpeace/EREC, Energy [R]evolution) bzw. 35% (IEA Energy  Technology Perspectives, BLUE Map) des Primärenergieeinsatzes gesteigert werden  kann. 



Die unterschiedlichen Einschätzungen des Beitrags erneuerbarer Energien sind  unter anderem auf Differenzen in den Annahmen bezüglich des Potenzials von  Effizienzsteigerungen zurückzuführen. So ermöglicht die deutlichere Reduktion der  Energienachfrage im Greenpeace/EREC Energy [R]evolution Szenario einen im  Vergleich zu anderen Szenarien höheren Anteil von erneuerbaren Energien am  Primärenergieeinsatz. In den Szenarien der IEA spielen außerdem Kernenergie und  fossile Energieträger in Verbindung mit CCS (Carbon Capture and Storage) eine  bedeutende Rolle zur Erreichung der Klimaschutzziele. Allerdings führt insbesondere  der Einsatz von CCS in den Szenarien der IEA zu hohen CO
2-Vermeidungskosten,  da ein wirtschaftlicher Einsatz von CCS vor 2030 nicht erwartet wird. Es bleibt unklar,  welchen Beschränkungen die breite Markteinführung kostengünstiger Technologien  zur Nutzung erneuerbarer Energien in den IEA Szenarien unterliegt. 



Während die betrachteten Szenarien detaillierte Informationen zu einzelnen 

technischen und ökonomischen Fragestellungen geben, ist ein grundsätzliches 

Defizit in Hinblick auf eine nachvollziehbare und transparente Darstellung zentraler 

technologischer und ökonomischer Grundannahmen vorhanden. Vergleiche 

zwischen den Szenarien werden dadurch erschwert. Insbesondere Daten zum 

Wärmesektor bleiben weitgehend unvollständig. Angesichts der Bedeutung des 

Wärmesektors bezüglich Energiebedarf und CO
2-Emissionen ist diese zweitrangige 

Behandlung nicht angemessen. In künftigen Szenarioanalysen sollte eine 

umfassendere und transparentere Dokumentation grundlegender Annahmen und 
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Das weltweit größte technische Potenzial zur Stromerzeugung besitzen solare  Technologien wie konzentrierende solarthermische Kraftwerke (Concentrating Solar  Thermal Power Plants, CSP) und Photovoltaik (PV). Es folgen onshore Windenergie  und Meeresenergie. Das technische Potenzial für die thermische Verwendung von  solarer und geothermischer Energie übertrifft um ein Vielfaches den weltweiten  Niedertemperatur-Wärmebedarf. 



In Afrika ist das Potenzial zur Stromerzeugung von CSP und PV besonders groß. 



Das technische Potenzial der Windenergie (onshore) ist besonders hoch in  Nordamerika, während Lateinamerika über ein ergiebiges Biomassepotenzial verfügt. 



Schließlich lässt sich feststellen, dass der heutige weltweite Endenergiebedarf  weniger als 5% des projizierten technischen Potenzials zur Nutzung erneuerbarer  Energien beträgt. 


Kosten der Nutzung von erneuerbaren Technologien 



Die Kosten für die Stromerzeugung aus erneuerbaren Energiequellen werden in den  zentralen Studien auch in der langfristigen Betrachtung relativ übereinstimmend  eingeschätzt. Für Technologien wie PV und Wind unterscheiden sich die  Kostenprojektionen nur sehr geringfügig. Die Differenzen sind größer bei  Technologien, die sich noch in einem frühen Stadium ihrer Entwicklung befinden, und  für die daher noch keine anerkannte Leittechnologie verfügbar ist (z.B. 



Wellenenergie). Es treten aber zum Teil deutliche Unterschiede in der Einschätzung  zukünftiger Kosten auf, wenn standortspezifische Bedingungen die Investitionskosten  stark beeinflussen (z.B. Wasserkraftwerke, Geothermie). 



Für den Großteil der Technologien zur Nutzung erneuerbarer Energien gilt, dass sich  die in der IEA-Studie “Energy Technology Perspectives” aufgezeigten Kosten  tendenziell eher im unteren Bereich der geschätzten Kostenentwicklungen befinden,  obwohl der Anteil der Erneuerbaren in den IEA-Szenarien meist kleiner ist als in den  anderen Szenarien. Die Kostenannahmen des Greenpeace/EREC Szenarios, eines  ausgewiesenen “Erneuerbaren-Szenarios“, liegen eher über den Schätzungen der  IEA. 



Es wird erwartet, dass in den nächsten zwanzig Jahren für fast alle Technologien zur  Nutzung erneuerbarer Energien (mit Ausnahme der Wasserkraft) eine deutliche  Reduzierung der Stromerzeugungskosten realisiert werden kann. Unter Annahme  steigender Kosten für fossile Energieträger und für CO
2-Emissionen ist zu erwarten,  dass bis 2030 die meisten Technologien zur Erzeugung regenerativen Stroms  wettbewerbsfähig sein werden. 



Daten zur Kostenentwicklung von Technologien zur erneuerbaren Wärme- und  Kältegewinnung werden in den untersuchten Studien nur unvollständig ausgewiesen. 



So weit vorhanden, stimmen sie - unter Berücksichtigung der Unsicherheiten infolge 
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Unterschiede bestehen allerdings in den Annahmen zu Kosten für Wärmepumpen,  die oberflächennahe Erdwärme nutzen. 


Potenziale zur Steigerung der Energieeffizienz 



Für den Fall einer “Business as usual”-Entwicklung wird erwartet, dass die weltweite  Nachfrage nach Endenergie um 95% von 290 EJ im Jahr 2005 auf 570 EJ im Jahr  2050 steigt. Sollte in der gleichen Periode das vorhandene Potenzial zur Steigerung  der Energieeffizienz genutzt werden, ließe sich die Zunahme auf 8% begrenzen. Der  weltweite Bedarf an Endenergie könnte so auf jährlich 317 EJ im Jahr 2050 reduziert  werden. 



Der jährliche Primärenergieeinsatz kann bei der Implementierung von Maßnahmen  zur Verbesserung der angebots- und nachfrageseitigen Energieeffizienz auf 392 EJ  im Jahr 2050 reduziert werden. Das sind 10% weniger als der Primärenergieeinsatz  des Jahres 2005 (440 EJ) und 55% weniger als für den Fall einer „Business as  usual“-Entwicklung für das Jahr 2050 angenommen wird. 


Kosten und Hemmnisse zur Umsetzung von Energieeffizienzmaßnahmen 



Kosten und Nutzen von Maßnahmen zur Steigerung der Energieeffizienz werden nur  in  wenigen Studien behandelt. Analysen, die Kosten für eine Verminderung von  CO
2-Emissionen im Bereich von Energieeffizienz berechnen, zeigen dabei große  Differenzen auf. 



Kostenabschätzungen für Energieeffizienzmaßnahmen hängen stark von den  Annahmen zu fossilen Energieträgerpreisen ab. Sie können in Folge höherer  Brennstoffkosten das Vorzeichen wechseln und negativ werden. Daneben  beeinflussen die zugrunde gelegte Diskontierung sowie inkrementelle  Investitionskosten von Effizienzmaßnahmen und erwartete Einsparungen an  Ausgaben für Brennstoffe die Höhe der erwarteten Kosten signifikant. Weitere  Forschungsanstrengungen zur Abschätzung globaler und regionaler Kosten der  Durchführung von Effizienzmaßnahmen sind also erforderlich. 



Für die Implementierung des in dieser Studie analysierten technischen Potenzials zur  Steigerung der Energieeffizienz wird erwartet, dass die Höhe der Kosten 2050  jährlich ca. 0,5% des weltweiten Bruttoinlandsproduktes (der weltweiten  Wirtschaftsleistung) betragen wird. 



Es besteht ein großes Potenzial an kostendeckenden Effizienzmaßnahmen. Als 

solche wurden ca. 55% bis 60% der insgesamt betrachteten Effizienzmaßnahmen 

identifiziert. Eine erfolgreiche Markteinführung kann allerdings durch Marktversagen 

und andere Hemmnisse verhindert werden. Hierzu gehören beispielsweise 
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Energieeffizienzsteigerung sehr wichtig. 


Energieverbrauch und Verhaltensänderungen 



Die Ergebnisse unserer Analyse zeigen, dass Verhaltensdimensionen in  Energieszenarien nur unzureichend abgebildet werden. In einigen Szenarien werden  diese Dimensionen vollständig vernachlässigt. Andere deuten an, dass explizite  Verhaltensänderungen eine Rolle spielen, erheben explizites Verhalten allerdings  nicht zu einem leitenden Prinzip der Modellierung. Zwei Erklärungen sind dafür  möglich: 1) expliziten Verhaltensänderungen (von Individuen und Gruppen) wird  keine Rolle für zukünftige Energiesysteme zugedacht und 2) explizites Verhalten wird  als zu komplex erachtet, um in Energieszenarien modelliert werden zu können. 



Die Frage muss diskutiert werden, ob Verhaltensdimensionen überhaupt explizit in  die bestehende Szenarioarchitektur und -logik  integriert werden können, oder ob die  Strukturen der Szenarien geändert werden müssen. Es ist noch offen, in welchem  Umfang explizite Verhaltensdimensionen tatsächlich quantifiziert werden können  bzw. zu welchem Maß sie ein Parameter bleiben, der lediglich qualitativ analysiert  werden kann. 



Die aufgezeigten Fragestellungen für die Forschung lassen sich also in zwei  Gruppen klassifizieren: In die Integration von Verhaltensänderungen in bestehende  Szenariostrukturen sowie in die Entwicklung unterschiedlicher Ansätze von  Szenarien, um Verhaltensänderungen als bedeutenden Parameter fokussieren zu  können. 



Als erste Annäherung für die Berücksichtigung von Teilaspekten von  Verhaltensänderungen in der Szenariomodellierung sollten folgende Aspekte im  Mittelpunkt stehen: Bezugnahmen auf einzelne Akteure, die Integration sozialer und  kultureller Beziehungen (Kontext der „Lebenswelt“) sowie eine deutlichere Reflexion  der unterschiedlichen normativen Orientierungen der verschiedenen Szenarien und  Entwicklung von Hilfsmitteln zum methodischen Umgang mit Normen. 



In offenere und transparentere Szenariostrukturen, die detaillierte Anpassungen von  Annahmen erlauben, könnten Verhaltensänderungen besser integriert werden. 



Hierfür können typische Bottom-up-Modelle verwendet werden: Sie ermöglichen es,  unterschiedliche Annahmen für verschiedene Sektoren und Technologien  festzulegen. Dies wiederum ermöglicht eine hohe Transparenz der Modellierung bzw. 



der Modellergebnisse. 


Resumé 



Die Ergebnisse dieses Berichtes unterstreichen, dass weltweit beachtliche, bisher 

nicht ausgeschöpfte Potenziale zur Nutzung erneuerbarer Energien und zur 
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des Energiebedarfs werden vielfältige Möglichkeiten aufgezeigt, um künftige CO
2-

Emissionen des Energiesektors deutlich reduzieren zu können. Zur Ausschöpfung 

dieser Potenziale ist eine Weiterentwicklung von Technologien zur Nutzung 

erneuerbarer Energien und von Effizienzmaßnahmen notwendig, insbesondere aber 

müssen ökonomische, infrastrukturelle und politische Schwierigkeiten überwunden 

werden. 



(18)
(19)
Part I: 



Role of Renewable Energy and Energy Efficiency  in Global Energy Scenarios 



Kristina Nienhaus (DLR), Carolin Capone (Ecofys) 



(20)
Table of Contents 



1  Preface ... 13 



2  Role of renewable energy and energy efficiency in global energy scenarios .... 13 



2.1  Introduction ... 13 



2.2  Scenario types ... 14 



2.3  International Energy Agency: World Energy Outlook 2008 ... 16 



2.4  EREC/Greenpeace: Energy [R]evolution 2008 ... 31 



2.5  International Energy Agency: Energy Technology Perspectives 2008... 42 



2.6  European Commission: World Energy Technology Outlook 2006 ... 50 



3  Synopsis... 58 



3.1  Primary energy demand... 58 



3.2  Final energy demand ... 59 



3.3  Electricity generation... 62 



3.4  Capacity additions... 63 



3.5  Additional investment and savings... 64 



3.6  Energy-related CO
2 emissions... 65 



4  Conclusions... 67 



5  List of abbreviations... 68 



6  References ... 69 



(21)
1 Preface 



Climate change as a consequence of an increasing anthropogenic GHG  concentration (IPCC 2007) urges a reduction of emissions in order to limit global  warming. As energy-related CO
2 emissions constitute one of the major sources, it is  a crucial objective to develop climate protection strategies within the energy sector. 



Global energy scenarios are a necessary resource for guiding the development of  energy policies and investment decisions. 



This analysis’ aim is to reveal the key targets for a selection of global energy  scenarios. The respective trajectories are analysed, as they disclose different ways  for the energy sector to respond to need for deep emissions cuts. 



2  Role of renewable energy and energy efficiency in  global energy scenarios 



2.1 Introduction 



Five studies and seven scenarios have been chosen to be analysed, with an  emphasis on regarding the role of renewable energy and energy efficiency. 



They all have a global scope and are released by established institutions. The choice  for the scenarios has been made by looking for the most ambitious scenario in terms  of CO
2 emissions’ reduction within each study. 


  International Energy Agency - World Energy Outlook (2008): 



550 Policy Scenario (WEO 08 550)   450 Policy Scenario (WEO 08 450) 


  Greenpeace/EREC - Energy [R]evolution (2008): 



Energy [R]evolution Scenario (E [R]) 


  International Energy Agency - Energy Technology Perspectives (2008): 



BLUE Map Scenario (BLUE Map) 


  European Commission - World Energy Technology Outlook (2006): 



Carbon Constraint Case (WETO CCC) 



This report provides comparison merely on an aggregated level. In order to disclose  findings for the deployment of renewables and exploitation of energy efficiency  potentials, the analysis precedes as follows: 



Individual analyses for the scenarios are undertaken in chapter 2. The scenario 

frame is introduced followed by subchapters covering population and GDP 

projections as key determining factors for the development of energy demand. The 

subchapter about cost assumptions gives an insight into expected aggregated 

additional investment costs, fuel savings, carbon prices, specific technology 
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investment costs and fuel prices. This is followed by the analysis of the energy  sector’s development, with a main focus on the role of renewable energy and energy  efficiency (further subdivision: primary energy/renewable energy’s share in primary  energy supply, electricity generation, heat and transport; energy efficiency/end-use  efficiency, energy supply efficiency, carbon intensity). 



A synopsis is provided in chapter 3, comparing the key results of chapter 2. Data is  disclosed for primary energy demand, final energy demand, electricity generation,  new capacities, additional investment and savings and energy-related CO
2


emissions. 



All prices and costs are given in €
2005. Conversion factors have been presumed as  follows: 



1 $
1995 = 0.9861 €
2005


1 $
2005 = 0.8038 €
2005


1 $
2006 = 0.7792 €
2005


1 $
2007 = 0.7589 €
2005


2.2 Scenario types 



The analysed energy scenarios can be categorised into intervention and backcast  scenarios. Intervention scenarios like the WEO 07 APS and EC WETO CCC develop  a plausible future under the question of “What would happen if condition X were  imposed on the future described by a reference scenario?” (Hamrin et al., 2007). 



Backcast scenarios like the climate policy scenarios in WEO 2008 and the Energy  [R]evolution pose the question of “What energy path would achieve a future condition  X?” (Hamrin et al., 2007). 



Comparing the scenarios’ trajectories for the deployment of renewable energy and  the exploitation of energy efficiency potentials, it is also vital to respect their  respective aims for climate policy (maximum increase in temperature compared to  pre-industrial levels and corresponding maximum concentration of GHG). 



Another informative detail on the studies is the traceable participation of 

stakeholders. Information on this and the above described characteristics of the 

analysed scenarios can be found in table 2-1. 



(23)Table 2-1: Characteristics of considered scenarios 


Targets 
 Study  Scenario  Abbreviation  Type of Scenario  Projection 


Period  Maximum 
 increase in 
 temperature 


Maximum 
 concentration 
 of GHG (ppm) 


Model Stakeholder 
 Participation 


550 Policy Scenario  WEO 08 550 Backcast  2030  3 °C  550  WEM 
 IEA WEO 2008 


450 Policy Scenario  WEO 08 450 Backcast  2030  2 °C  450  WEM 


Yes (science, 
 administration, 
 industry & NGOs) 
 EREC/Greenpeace Energy [R]evolution E[R]  Backcast  2050 2 °C  450  MESAP 


PlaNet 


Yes (science, 
 industry & NGOs)  
 IEA ETP 2008  BLUE Map  BLUE Map  Backcast  2050  2 °C  450  ETP MARKAL  Yes (science, 


industry & 


administration)  
 Alternative Policy 


Scenario 


WEO 07 
 APS 


Intervention 2030 3 °C  550  WEM 


IEA WEO 2007 


450 Stabilisation Case  WEO 07 450 Backcast  2030  2 °C  450  WEM 


Yes (science, 
 industry & 


administration) 
 EC WETO 2006  Carbon Constraint Case  WETO CCC  Intervention  2050  3 °C  550  POLES  Yes (science, 


administration & 


industry) 



(24)
2.3  International Energy Agency: World Energy Outlook 2008 



Key scenarios 


Reference Scenario:  
The Reference Scenario is supposed to indicate a  baseline picture - no new energy-policy interventions by  governments are assumed beyond those already 



enacted or adopted by mid-2008. Any further  development is not incorporated. 


550 Policy Scenario:  
The 550 Policy Scenario analyses implications for the  energy sector of international and national policy action  to limit greenhouse-gas concentration in the 



atmosphere to 550 parts per million of CO
2-eq. Energy- related CO
2 emissions are reduced by taking into  account policy mechanisms that are currently under  discussion. 


450 Policy Scenario:  
The 450 Policy Scenario aims to stabilise greenhouse- gas emissions at 450 parts per million of CO
2-eq.  



World Energy Outlook: 550 Policy Scenario 



Scenario frame 


  Key drivers: Stabilisation of the GHG concentration level at 550 ppm with the aim 
 
of limiting a rise in temperature to 3 °C. Implications and results of a respective,  plausible post-2012 international climate-policy framework, regarding policies and  measures that are currently considered. 


  Emissions are assumed to fall after 2020, amounting to 32.9 Gt in 2030. 


  Following policy mechanisms are combined: 


  Cap-and trade systems (binding emissions caps for OECD+ countries - OECD 
 
and EU member countries - for the power generation and the heavy industry  sector) 


  International sectoral agreements (for the iron/steel/cement/vehicle- and 
 
aircraft-manufacturing sector in OECD+ countries and the ‘other major  economies’ group other major non-OECD+ economies, including China,  Russia, India, Indonesia, Brazil and Middle East) 


  National policies and measures (for ‘other countries’ in all sectors, for major 
 
economies (excl. OECD+) in the power generation and iron/steel/cement  industry sector and for the buildings sector across all countries). 


  The group of ‘other countries’ implements only national policies, but can 

participate in the cap and trade systems by generating and selling emissions 

credits. 



(25)
Population projections 


 Population 
projections  are based on UNDP 2007 projections. 


  Average annual growth rate: 0.97% between 2006 and 2030. Growth is expected 
 
to slow progressively over the projection period. 


  Global population 2006: 6.5 billion people, 2030 8.2 billion. 


  Population in emerging economies is continuing to grow at fast rates. Non-OECD 
 
countries’ average annual growth rate rate: 1.1%, OECD countries’: 0.4%. For  most of the growth in OECD countries the population in North America is  accounted for. Population is expected to decline in OECD Pacific (mainly on  account of Japan) and Eastern Europe/Eurasia (for the most part because of  Russia).  


  Increase will occur in urban areas. Rural population is considered to start to 
 
decline in about a decade. 


  Rapid urbanisation in non-OECD countries.  


  Major parts of the world, especially in Africa, stay widely rural. 


  Ageing of the population in all regions. The proportion of people over 60 years old 
 
rises from 11% in 2006 to about 15% in 2030. 
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Figure 2-1: IEA WEO 2008, Population 



GDP projections 


  World average annual GDP growth rate (in PPP terms): 3.3% over the period 
 
2006-2030. Stronger increase in the period 2006 to 2015: 4.2% per year; 2015- 2030: 2.8% per year. 


  Growth rates in non-OECD countries are higher than in OECD countries. 


  Highest average growth rates in China and India at 6.1% resp. 6.4% per year 

(2006-2030). India’s growth rates are accelerating due to population growth and 

its earlier stage in the development process. 



(26)  All OECD regions have to face intense competition from emerging economies, 
 
ageing and stabilisation resp. decline of their population. Their economies’ growth  rates slow in consequence. 


  Europe and the Pacific: average of 1.9% resp. 1.6% growth per year (2006-2030). 


  North America remains the fastest growing OECD region (2.2% per year between 
 
2006 and 2030), partly due to its relatively young and growing population. 


  No absolute figures for GDP provided. 
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Figure 2-2: IEA WEO 2008, GDP growth rates (in PPP terms) 



Cost assumptions and economic implications 


Table 2-2: IEA WEO 2008, Investment costs for renewable energy 


2006 2015 2030


Wind Onshore (€/kW)  1380-1520 1250-1370 1140-1330


Wind Offshore (€/kW)  2220-2460 1820-2010 1860-2050


Geothermal (€/kW)  2670-3110 2500-2920 2390-2770


PV (€/kW)  4840-5650 2580-2960 1780-2240


CSP (€/kW)  2870-3340 2050-2430 1520-1820


Table 2-3: IEA WEO 2008, Fossil-fuel price assumptions 


2006 2015 2030


Crude Oil Imports (€/barrel)  n.a. n.a. 75.9


Natural Gas Imports (€/MBtu)  n.a. n.a. n.a.


Steam Coal Imports (€/tonne)  49.3 91.1 64.5


  Lower oil prices in the 550 Policy Scenario than in the Reference Scenario due to 
 
lower demand. 


  The carbon price in OECD+ countries is expected to reach €30.4/t CO2
 in 2020 

and €68.3/t CO
2 in 2030. 



(27) Additional 
energy  investment in the energy sector (relative to the Reference  Scenario) in the 550 Policy Scenario adds up to €3.2 trillion. This is the sum out of 



€0.9 trillion invested in power plants (renewables, nuclear and CCS; total  investment in the power sector amounts to €5.5 trillion) and €2.3 trillion invested  in energy efficiency. 


  The additional costs equate to 0.24% of world GDP per year on average over the 
 
period 2010-2030. Additional annual expenditure by individuals is €13 per person  (in the OECD+ region: €41). 


  Fossil fuel savings between 2010 and 2030: over €5.3 trillion. 



Primary energy 


  Total primary energy demand in the 550 Policy Scenario is almost reaching 
 
650,000 PJ per year in 2030. Its growth rate is supposed to decline from 1.45% 



(2006-2020) to 0.76% in the period from 2020 until 2030. The average annual  increase is 1.2%. 


  In 2030, the biggest share is contributed by oil at nearly 200,000 PJ, followed by 
 
coal and gas at about 150,000 PJ resp. 140,000 PJ per year. 


  Plants fitted with CCS are expected to play a significant role: Over the period 
 
2007-2030 new capacity of 161 GW is assumed to be built. 


  Nuclear is estimated to provide an annual 45,500 PJ by 2030, its additional 
 
capacity is considered to amount to 251 GW. 


  The highest growth rate is reported for the group of ‘other renewables’ (wind and 
 
solar are mainly mentioned): it grows at an average of 8.5% yearly from 2,800 PJ  in 2006 to 19,600 PJ in 2030. 
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Figure 2-3: IEA WEO 2008 550, Total primary 
 energy demand 


Figure 2-4: IEA WEO 2008 550, Average 
annual change rates of total primary energy 
demand 
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Renewable energy’s share in primary energy supply 


  By 2030, renewable energy technologies are expected to contribute 115,000 PJ 
 
per year to primary energy supply. 


  Most of the energy is assumed to be extracted from biomass, which will reach 
 
76,500 PJ in 2030. Its yearly average growth rate is presumed at 1.8% per year,  starting from 50,000 PJ in 2006. 


  Hydro energy is growing at 2.9% per year until 2020, in the following decade its 
 
average growth rate falls to 1.6% per year. 


  The group of ‘other renewables’ (solar and wind are the only explicitly mentioned 
 
technologies) is assumed to increase at an average of 9.6% in the period 2006- 2020, from 2020 to 2030 this will slightly slow down to a yearly average of 7%. 
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Figure 2-5: IEA WEO 2008 550, Total 


contribution of renewable energy to primary 
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Figure 2-6: IEA WEO 2008 550, Share of 
 renewable energy in primary energy demand 



Renewable energy’s share in electricity generation 


  Data for electricity generation from renewable energy technologies is dissolved in 
 
categories for hydro, biomass, wind onshore, wind offshore, tide and wave,  concentrating solar, solar PV and geothermal. 


  Renewables account for 9,160 TWh per year in 2030. This is 30.3% of total 
 
electricity generation, which amounts to 30,200 TWh per year in 2030. 


  Hydro energy: reaching 5360 TWh per year in 2030, 17.8% of total electricity 
 
generation. Its deployment slows down from an average 2.9% per year until 2020  to 1.7% in the following decade. 


  Biomass: amounts to 1200 TWh per year in 2030, 3.9% of total electricity 
 
generation. Average annual growth rate is 6.9% (2006-2030). 


  Wind onshore: peaks at 1400 TWh per year in 2030, 4.6% of total electricity 
 
generation. Its average annual growth rate in the period 2006-2030 amounts to  10.4% (2006-2020: 14.4%/yr, 2020-2030: 5.1%/yr). 


  Wind offshore: 2030 contributing 550 TWh per year (starting from zero in 2006). 



(29)  Solar PV: amounts to 350 TWh per year in 2030, 1.2% of total electricity 
 
generation. Average annual growth rate is 20.8% per year in the period 2006- 2030 (2006-2020: 27.9%/yr, 2020-2030: 11.5%/yr). 


  Concentrating solar power: contributes 125 TWh per year in 2030 (starting from 
 
zero in 2006), 0.4% of total electricity generation. Average annual growth rate  from 2020 to 2030 is 20.1%. 


  Geothermal: increases to 200 TWh per year in 2030, 0.7% of total electricity 
 
generation. The average annual growth rate is 5.2% for the period 2006-2030  (2006-2020: 5.5%/yr, 2020-2030: 4.8%/yr). 


  Tide and wave: increases to 30 TWh per year in 2030, 0.1% of total electricity 
 
generation. For the period 2006-2030 the average annual growth rate is estimated  at 15.2% (2006-2020: 17.9%/yr, 2020-2030: 11.6%/yr). 
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Figure 2-7: IEA WEO 2008 550, Total 


contribution of renewable energy to electricity 
 generation 


Figure 2-8: IEA WEO 2008 550, Share of 
 renewable energy in electricity generation 



Renewable energy for heat and transport 


  In the residential sector by 2030 an additional 920 PJ per year for heating is 
 
assumed to be delivered by solar energy. For services this amounts to around  380 PJ. 


  The consumption of traditional biomass for cooking and heating is expected to 
 
decrease. 


  In the transport sector an increased penetration of biofuels and continued uptake 
 
of hybrid vehicles is assumed. Biofuels reach 7,180 PJ per year by 2030 (total  world energy demand for transport: 124,680 PJ, 73% from road transport). 



Energy efficiency 


  Energy efficiency improvements are only implicated by changes in energy 
 
demand and CO
2 emissions, the scenario does not contain specific quantitative  data on energy efficiency. 


  In the transport sector, some quantitative data on energy efficiency on a sub-



(30)  Energy demand and CO2
 efficiency are considered in higher detail; results are  reported for three regions sector-wise as well as per fuel. 



End-use efficiency 


  Increase in primary energy demand between 2006 and 2030 is highest for Other 
 
Major Economies (70%), followed by Other Countries (35%) and is limited to 4% 



in OECD+ countries. 


  In comparison to the reference, decrease in coal demand is highest among the 
 
fossil energy sources. Annual average growth is 0.7% until 2030 as compared to  2% in the reference. Mainly responsible for this drop are more efficient coal firing  plants, introduction of energy efficiency policies as well as capacity additions in  nuclear and renewable technologies in Other Major Economies. 


  Oil demand rises to 95mb/d in 2020 and to 98mb/d in 2030. More than half of the 
 
absolute savings in world oil demand occur in the transport sector in OECD+ 



countries and in the group Other Major Economies. 


  Energy efficiency standards in the building sector reach today´s OECD level in 
 
Other Major Economies in 2030. As a result, residential energy consumption is  reduced by 5,650 PJ compared to the reference. 


  In 2030 energy intensities in the group of “Other Countries” are approximately 
 
twice as high as energy intensities in OECD+ and Other Major Economies. 



OECD+ countries and Other Major Economies in 2030 show comparable energy  use per unit of GDP. 


  Future GDP projections are based on IEA figures for 2006, and follow the growth 
 
projections provided in the WEO 08. 
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Figure 2-9: IEA WEO 2008 550, Energy intensity of economies 
 2030 



Energy supply efficiency 


  Conversion efficiencies of power plants on a global scale increase slightly 



between 2020 and 2030, resulting in a lower energy supply loss factor. A regional 
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differentiation cannot be derived from the data provided in the scenario. 


  Coal demand until 2030 decreases most significantly as compared to the 
 
reference. Two-thirds of these reductions are achieved due to more efficient  power plants in Other Major Economies, mainly in China and India. 
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Figure 2-10: IEA WEO 2008 550, Global energy supply loss factor 



Carbon intensity 


  Carbon intensity declines by 2.6% per year between 2006 and 2030. The average 
 
quantity of CO
2 emitted per PJ of fossil energy used worldwide is projected to  decrease from 70.22 Gt CO
2 in 2006 to 0.0507 Mt CO
2 in 2030. 


  63% of CO2
 emission reductions (compared to the reference) stem from efficiency  improvements in the end-use sector and in power generation. 


 CO2
 emissions from transport grow by 27%, reaching 8.3 Gt in 2030. Overall,  transport accounts for one-third of the global increase in emissions from energy- related sources. 


 Energy-related 
CO
2 emissions from OECD+ countries are one-fifth lower in 2030  than in 2006. Other Major Economies see an increase of 60% from 2006 to 2030. 


  In the transport sector, more efficient OECD+ countries improve their fleet 
 
efficiency by 34% until 2030 (106g CO
2/km in 2030), less efficient OECD+ 



countries see an improvement of almost 40%, resulting in a fleet efficiency of  130g CO
2/km in 2030. Other Major Economies reach a level close to the average  reached by OECD+ countries while Other Countries arrive at a less stringent  standard of 135g CO
2/km in 2030. 


  In the buildings sector, biggest reductions in emissions occur in OECD+ 



countries, while Other Major Economies are projected to have growing emissions 

throughout the projection period, and total emissions in Other Countries grow at a 

rate of 0.9% per year between 2006 and 2030. 
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Figure 2-11: IEA WEO 2008 550, Carbon intensity of primary energy 
demand 
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World Energy Outlook: 450 Policy Scenario 



Scenario frame 


  Key drivers: Stabilisation of the GHG concentration level at 450 ppm with the aim 
 
of limiting a rise in temperature to 2 °C. Implications and results of a respective,  plausible post-2012 international climate-policy framework, regarding policies and  measures that are currently considered. 


 Energy-related 
CO
2 emissions are presumed to fall sharply after 2020. Emissions  peak at 32.5 Gt in 2020, then decline to 25.7 Gt in 2030. The overshooting of the  target level is explained with slow rates of capital-stock turnover in the power  sector. 


  Following policy mechanisms are combined: 


  Cap-and trade systems (binding emissions caps for OECD+ countries for the 
 
power generation and the heavy industry sector) 


  International sectoral agreements (for the iron/steel/cement/vehicle- and 
 
aircraft-manufacturing sector in OECD+ countries and the group of ‘other  major economies’) 


  National policies and measures (for ‘other countries’ in all sectors, for major 
 
economies (excl. OECD+) in the power generation and iron/steel/cement  industry sector and for the buildings sector across all countries) 



(See “550 Policy Scenario”, with one extension: the ‘other major economies’ 



group is presumed to participate in the cap-and-trade regime from 2020 with  binding emission caps.) 


  The group of ‘other countries’ implements only national policies, but can 
 
participate in the cap and trade systems by generating and selling emissions  credits. 



Population projections 


  See “550 Policy Scenario”. 



GDP projections 


  See “550 Policy Scenario”. 



Cost assumptions and economic implications 


  Specific technology costs: see “550 Policy Scenario” 


  The group of ‘other major economies’ is expected also to participate in the cap-
 
and-trade system. The carbon price for these countries is assumed to converge  the one for OECD+ countries, which is estimated to reach €136.6/t CO
2 in 2030. 


  The high carbon prices are supposed to drive an investment of €508 billion for 

CCS technologies (including retrofitting). 
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comprising additional €2.7 trillion for power plants and €4.3 trillion for efficiency  measures over the period 2010-2030. 


  The necessary investment at average equates to 0.55% of world GDP. 


  In the period 2021-2030 investment is presumed to be much higher than in the 
 
first decade. This also applies to investment in energy efficiency, especially in  buildings. Additional annual individual expenditure by individuals in OECD+ 



countries is €114 in the projection period’s last decade. 


  Fossil fuel savings: €4.4 trillion. Relative to the 550 Policy Scenario energy 
 
savings are larger, but electricity prices are assumed to be higher in consequence  of increasing carbon prices. 



Primary energy 


  Primary energy in the 450 Policy Scenario is expected to grow at an average of 
 
1.4% per year until 2020, reaching about 600,000 PJ in 2030, then growth levels  offs to 0.1% per year between 2020 and 2030. On average, primary energy  demand rises at annual 0.8% (2006-2030). 


  Fossil fuels maintain their increasing path until 2020, then contributing around 
 
468,000 PJ per year. In the following decade fossil fuels decline, at the end of the  period they amount to annual 404,000 PJ. The input of coal decreases most at an  average of 4.2% per year in that time. Oil as the fossil fuel contributing the largest  share peaks at annual 190,500 PJ in 2020, in 2030 it provides 180,400 PJ per  year. 


  Over the period 2007-2030 new capacities of plants fitted with CCS in the amount 
 
of 348 GW are assumed to be built. 


  Nuclear energy is increasing at 2.7% per year on average over the period 2006-
 
2030, capacity additions reach 391 GW. Its total amount in primary energy  demand peaks at 57,000 PJ in 2030. 
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Figure 2-12: IEA WEO 2008 450, Primary energy 
 demand 


Figure 2-13: IEA WEO 2008 450, Average annual 
change rates of total primary energy demand 



(35)
Renewable energy’s share in primary energy supply 


  The contribution of renewable energy is particularly expanding in the period 2020-
 
2030. Starting from annual 52,400 PJ in 2006, they contribute 72,400 PJ in 2020  and peak at 117,300 PJ in 2030. 


  Biomass is increasing at an average of 2.5%/yr (2006-2030). In 2030, it amounts 
 
to 88,700 PJ per year, 14.8% of total primary energy supply. 


  The contribution of hydro energy is reaching 23,200 PJ/yr in 2030, its annual 
 
average growth rate is 3.2%. 


  The group of “Other Renewables” has got the highest average annual growth rate 
 
of 10.2% per year. Their share reaches 4.8% of total primary energy supply. 
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Figure 2-14: IEA WEO 2008 450, Total 
 contribution of renewable energy to primary 
 energy supply 


Figure 2-15: IEA WEO 2008 450, Share of 
 renewable energy in primary energy supply 



Renewable energy’s share in electricity generation 


  Total electricity production is assumed to increase from 19,000 TWh per year in 
 
2006 to 29,000 TWh in 2030. 


  Renewable energy’s contribution is also considered to rise from around 3,500 
 
TWh in 2006 to 12,000 TWh per year in 2030, which is 41.1% of total electricity  generation. 


  Hydro energy: peaks at 6,400 TWh per year in 2030, 22.2% of total electricity 
 
generation. Average annual growth rate is 3.2% per year in the period 2006-2030. 


  Other renewables than hydro: reach 5,500 TWh per year in 2030, 18.9% of total 
 
electricity generation. Average annual growth: 11.2%. 


  For Europe it is projected that in 2030 39% of electricity is generated from 

renewable sources. 
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Figure 2-17: IEA WEO 2008 450, Share of 
 renewable energy in electricity generation 



Renewable energy for heat and transport 


  For the group of OECD+ countries and the ‘other major economies’ an uptake of 
 
renewable heating installations (excluding biomass) is expected to reach 4190 PJ  per year in 2030. 


  In the transport sector biofuels are expected to contribute over 10,050 PJ per year 
 
in 2030. The majority is expected to be made up of second-generation biofuels. 


  An off-take of electric vehicles and plug-in hybrids is assumed to result in an 
 
increased demand for electricity in the transport sector of 2100 PJ per year in  2030 compared to the 550 Policy Scenario (no absolute figures available for  comparison). 



Energy efficiency 


  As well as the WEO 08 550 scenario the WEO 08 450 scenario represents only 
 
results in terms of carbon intensity. Energy efficiency is only indirectly implicated  in terms of CO
2 emission reductions. 


  While the scenario provides some data for end-use efficiency, the supply side is 
 
almost entirely neglected. 


  In general, only few qualitative data is provided and figures are mostly reported 
 
relatively to the WEO 08 550 scenario. 



End-use efficiency 


  Energy efficiency improvements result in reduced energy demand across all 
 
sectors. 


  The level of coal demand in 2030 is below current coal demand. 60% of the 
 
reductions in fossil fuel use (relative to the reference) are reductions in coal  demand. Two-thirds of the reductions occur in Other Major Economies, mainly in  the power sectors in China and India. 


  World electricity generation in 2030 falls by around 4% relative to the 550 Policy 

Scenario due to efficiency gains. 



(37)  In the industry sector energy efficiency improvements in Other Major Economies 
 
lead to most of the reductions in CO
2 emissions (4.3 Gt in 2030). In OECD+ 



countries CCS is responsible for most savings. 


  The building sector sees a wide range of energy efficiency improvements of 
 
appliances and machinery, including a worldwide shift to compact fluorescent  lamps and other best available practices. Global electricity use is reduced by  1,850 TWh compared to the reference scenario in 2030, mainly because of rising  electricity prices. About 90% of the absolute savings are generated in OECD+ 



countries and Other Major Economies. 



Energy supply efficiency 


  For Other Major Economies policies to improve efficiency of fossil fuel plants are 
 
assumed, leading to a greater number of high-efficient, ultrasupercritical and  integrated gasification combined cycle coal plants, rather than conventional  subcritical units. 



Carbon intensity 


  The indicator for carbon intensity of primary energy demand in 2030 is reduced to 
 
42,743 t CO
2/PJ. 


  Global energy-related CO2
 emissions peak in 2020 at 32.5 Gt and then decline to  25.7 Gt in 2030 as a result of strong and broad policy action. Other Major  Economies are responsible for most savings. 


  In Other Major Economies, CO2
 emissions peak in 2020 and then decline steeply  as a result to the introduction of a carbon price to 12 Gt/yr in 2030. Emissions in  OECD+ countries are in steep decline, resulting in 3 Gt/yr in 2030, or 30% less  than in 1990. 


 CO2
 emissions from the power sector in 2030 fall to 8.3 Gt, 27% lower than in  2006. Improved energy efficiency, employment of the CCS-technology, as well as  addition of capacity in nuclear and renewable power generation are responsible.  


  In the industry sector CO2
 intensity is one-third lower worldwide by 2030 in  comparison to the reference scenario. With a 60% decrease in emissions, Other  Major Economies are the main contributor to the reductions. 


  In the building sector the reduction in electricity use leads to a decrease in CO2



emissions by 4.5 Gt in 2030 compared to the reference. Additional 0.9 Gt are  saved from fossil fuel consumption. Biggest savings occur in OECD+, where  emissions will be 46% lower in 2030 than in 2006. 


  The transport sector saves 1.1 Gt of CO2
 emissions until 2030 as compared to the  reference. Average fleet efficiency in OECD+ in 2030 is 90 g CO
2/km, 110 g  CO
2/km in Other Major Economies and 122 g CO
2/km in other countries. 


  As for the 550 policy scenario, future GDP projections are based on IEA figures 

for 2006, and follow the growth projections provided in the WEO 08. 
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Figure 2-18: IEA WEO 2008 450, Carbon intensity of economies 2030 
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