
Technologies for Stabilizing Technologies for Stabilizing 
Climate ChangeClimate Change

NebojNebojšša Nakia Nakiććenovienovićć
International Institute for Applied Systems Analysis International Institute for Applied Systems Analysis xxxx

Technische UniversitTechnische Universitäät Wient Wien xxxx
naki@iiasa.ac.atnaki@iiasa.ac.at

IIASAIIASA--RITE International Symposium RITE International Symposium ““Towards Stabilization of Global Towards Stabilization of Global 
WarmingWarming““, Tokyo , Tokyo –– 12 March 200712 March 2007

mailto:naki@iiasa.ac.at


NakicenovicNakicenovic ##22 20062006

Which world Which world 
do we want?do we want?

The future is always present, as a promise and a lure.The future is always present, as a promise and a lure.
Karl PopperKarl Popper

Source: Raskin, 2002Source: Raskin, 2002
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Global Energy ChallengesGlobal Energy Challenges

Access to modern forms of energy Access to modern forms of energy 
(a prerequisite for reaching (a prerequisite for reaching MDGsMDGs))

Growing demand for Growing demand for energy servicesenergy services

Security and reliability of systemsSecurity and reliability of systems

Deep CODeep CO22 and GHG reductionsand GHG reductions

Investment in RD&D and diffusionInvestment in RD&D and diffusion

After: Thomas Johansson, 2005After: Thomas Johansson, 2005



s Observed Climate ChangesObserved Climate Changes
Surface temperature, sea level and show cover Surface temperature, sea level and show cover 

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)
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MeltwaterMeltwater Flowing into a MoulinFlowing into a Moulin

MeltwaterMeltwater stream flowing into a stream flowing into a 
large large moulinmoulin in the ablation zone in the ablation zone 
(area below the equilibrium line) (area below the equilibrium line) 
of the Greenland ice sheet.of the Greenland ice sheet.
Source: Roger J. Braithwaite, The Source: Roger J. Braithwaite, The 
University of Manchester, UKUniversity of Manchester, UK



Historical Transitions

Early Civilization 
c. 10,000 years

20,000 10,000                               0
Years Before Present

Planetary Phase
c. 100 years ?

Modern Era
c. 1,000 years 

Stone Age 
c. 100,000 yearsC

om
pl

ex
ity

Anthropocene?
Paul Crutzen

Source: Raskin, 2002 



Tools for Transitions 
well-being consumption

throughput

rich

poor

Market Forces

Policy Reform

Great Transition

dematerialization 
wedge

poverty 
spring

dematerialization 
wedge

lifestyle wedge equity 
clamp

Source: Raskin, 2002 
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Telephones
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ElectricityElectricity

Global DisparitiesGlobal Disparities

2 2 bnbn without accesswithout access

80% of global population dispose of 19% of MER80% of global population dispose of 19% of MER
* 80% of global population dispose of 40% of PPP80% of global population dispose of 40% of PPP

PPPPPP

Source: Source: GrueblerGruebler, 2006, 2006
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Global PopulationGlobal Population



NakicenovicNakicenovic ##1010 20062006

Global Final EnergyGlobal Final Energy
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Night LightsNight Lights

2000 Permanent “Blackout”
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Night LightsNight Lights
SRES A2

2070
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ΔΔ TemperatureTemperature

2070



Surface Temperature ChangeSurface Temperature Change
AOGCM projections for illustrative SRES scenarios AOGCM projections for illustrative SRES scenarios 

s

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)



Integrated Assessment Framework
Scenario Storyline
•Economic development
•Demographic change
•Technological change
•Policies

Population Economy

DIMA
Forest 

Management
Model

AEZ-BLS
Agricultural

Modeling 
Framework

Downscaling Tools
Spatially explicit and national scenarios

MESSAGE-MACRO
Systems Engineering / Macro-Economic 
Modeling Framework (all GHGs and all 

sectors)

Endogenous Climate Model

National, regional & spatially 
explicit socio-economic drivers

Spatially explicit socio-economic 
drivers

Consistency of land-cover changes 
(spatially explicit maps of 

agricultural, urban, and forest land)

Potential and costs of 
forest bioenergy and 

sinks

Carbon and   
biomass price

Feedbacks

Agricultural bioenergy
potentials and costs

Drivers for land-use related 
non-CO2 emissions

Feedbacks

Global and Regional Scenarios

CLIMATE and
ACIDIFICATION
IMPACT
MODELS

NATIONAL
POLICY MODELS
(GAINS)

Emissions Emissions & Abatement Costs
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WhatWhat’’s New?s New?
New demographic perspectivesNew demographic perspectives
(lowering of (lowering of ““highhigh”” population projections)population projections)
Low (EU) targets included (20% by 2020)Low (EU) targets included (20% by 2020)
Consistent multiConsistent multi--gas multigas multi--sector analysissector analysis
(land(land--use conflicts, impacts,..)use conflicts, impacts,..)
New technological options includedNew technological options included
(e.g. biomass, CCS, hydrates, hydrogen)(e.g. biomass, CCS, hydrates, hydrogen)
Assessment of impacts (climate AND mitigation)Assessment of impacts (climate AND mitigation)
““DownscalingDownscaling””: spatially explicit scenario : spatially explicit scenario 
indicators available (POP, GDP, FE)indicators available (POP, GDP, FE)
Linkage to national policy frameworks (GAINS)Linkage to national policy frameworks (GAINS)
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Global Primary Energy Global Primary Energy –– A2rA2r
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Global Primary Energy Global Primary Energy –– B1B1
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Primary Energy in A2rPrimary Energy in A2r
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Primary Energy in B1Primary Energy in B1rr
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World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario
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World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario
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World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario
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World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario
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World GHG EmissionsWorld GHG Emissions
IIASA A2r ScenarioIIASA A2r Scenario
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World GHG EmissionsWorld GHG Emissions
IIASA B1 ScenarioIIASA B1 Scenario
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World GHG EmissionsWorld GHG Emissions
IIASA B1 ScenarioIIASA B1 Scenario
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Share of CarbonShare of Carbon--Free in A2rFree in A2r
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Share of CarbonShare of Carbon--Free in B1Free in B1rr
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The Innovation Chain

● Research and Development Programs

● Demonstration and Niche Markets

● Early Deployment (Cost Buy-Downs)

● Widespread and Pervasive Diffusion
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Japan Japan -- PV Costs vs. ExpendituresPV Costs vs. Expenditures
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Hydrogen BuyHydrogen Buy--Down as a Learning CurveDown as a Learning Curve
Falling hydrogen price versus hydrogen production, USA, 1971-2003
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Toyota Toyota PriusPrius CNGCNG
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Hydrogen VehiclesHydrogen Vehicles
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Hydrogen Airplane DesignHydrogen Airplane Design

Source: AirbusSource: Airbus
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Unconventional Configuration Studies
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Source: EPRISource: EPRI

Energy SuperGrid and Energy SuperGrid and MagLevMagLev TrainsTrains
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Methane HydrateMethane Hydrate
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Existing and Planned ProjectsExisting and Planned Projects
SleipnerSleipner Project, saline formation, North SeaProject, saline formation, North Sea
WeyburnWeyburn, EOR, Saskatchewan, Canada, EOR, Saskatchewan, Canada
In In SalahSalah, gas reservoir, Algeria (development), gas reservoir, Algeria (development)
SnohvitSnohvit, off, off--shore saline formation, North Seashore saline formation, North Sea
Gorgon, saline formation, Australia (planning)Gorgon, saline formation, Australia (planning)

Nakicenovic #41 Source: Sally Benson, 2003
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RENEWABLES
Hoffert et al., Science, 2002

Nakicenovic # 42 IIASA&VUT 2003
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A Future Energy SystemA Future Energy System

Source: EUR 20719, 2003Source: EUR 20719, 2003
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Climate Mitigation vs Total Energy Investments
(World, 2000-2030)
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© OECD/IEA - 2006

The Reference Scenario:
Investment

Oil 21%

Electricity
56%

Coal 3%Gas 19%

Cumulative Investment in Energy-Supply Infrastructure, 
2005-2030 = $20.2 trillion (in $2005)

Power 
generation

54%

46%

Other
Refining

73%

18%
9%

LNG chain
Transmission and 

distribution

56%

37%
7%

Mining

Shipping & 
ports11%

89%

$4.3 trillion
$11.3 

trillion

$3.9 trillion
$0.6 trillion

Biofuels 1%

Exploration & 
development

Transmission 
& distribution

Exploration & 
development

Just over half of all investment needs to 2030 are in developing
countries, 18% in China alone 
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Global Energy AssessmentGlobal Energy Assessment
Towards a more Sustainable FutureTowards a more Sustainable Future

•• The The magnitudemagnitude of the change required is of the change required is 
hugehuge

•• The challenge is to find a way forward The challenge is to find a way forward 
that addresses all the issues that addresses all the issues 
simultaneouslysimultaneously

•• A paradigm shift is needed: energy endA paradigm shift is needed: energy end--
use efficiency, new renewables, use efficiency, new renewables, 
advanced nuclear and carbon capture advanced nuclear and carbon capture 
and storage.and storage.

Source: Johansson, 2005Source: Johansson, 2005
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How will GEA be different?How will GEA be different?

comprehensivecomprehensive and and integratedintegrated
assessment of energy issues assessment of energy issues 
combine a combine a technicaltechnical assessment with assessment with 
strategicstrategic policy and investment policy and investment 
recommendations recommendations for global and placefor global and place--
specific actionsspecific actions
provide timely advice for addressing provide timely advice for addressing 
recent and emerging recent and emerging global global challengeschallenges; ; 
and synthesize recent studies on energyand synthesize recent studies on energy
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GEA CoGEA Co--PresidentsPresidents

Prof. JosProf. Joséé GoldembergGoldemberg
Former Secretary of State for Former Secretary of State for 

the Environment of the State of the Environment of the State of 
São Paulo São Paulo GedGed DavisDavis

Managing Director, Managing Director, 
World Economic ForumWorld Economic Forum



IIASAIIASA
International Institute for Applied Systems AnalysisInternational Institute for Applied Systems Analysis

Confronting the Challenges of Energy forConfronting the Challenges of Energy for
Sustainable Development: Sustainable Development: 

The Role of Scientific and Technical AnalysisThe Role of Scientific and Technical Analysis

presentspresents

www.www.GlobalEnergyAssessmentGlobalEnergyAssessment.org.org
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