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New Worlds: Grand TransformationsNew Worlds: Grand Transformations
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Global Energy TransformationsGlobal Energy Transformations

 Access to energy and ecosystem servicesAccess to energy and ecosystem services Access to energy and ecosystem services Access to energy and ecosystem services 
(a prerequisite for MDGs & wellbeing)(a prerequisite for MDGs & wellbeing)

 Vigorous decarbonization for mitigating Vigorous decarbonization for mitigating 
climate change brings multiple coclimate change brings multiple co--benefitsbenefitsclimate change brings multiple coclimate change brings multiple co benefitsbenefits

 Energy transformations require R&D and Energy transformations require R&D and gy qgy q
rapid technology diffusion & deploymentrapid technology diffusion & deployment

 Sustained energy investments are needed Sustained energy investments are needed 
and would result in multiple coand would result in multiple co--benefitsbenefits

NakicenovicNakicenovic ##33 20102010

pp

The Natomo Family 
6:30am March 27, 1993 Kouakourou, Mali
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The Ukita FamilyThe Ukita Family
4:30pm December 16 1992 Tokyo Japan4:30pm December 16 1992 Tokyo Japan4:30pm December 16, 1992 Tokyo, Japan4:30pm December 16, 1992 Tokyo, Japan
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Mapping Energy Access
Final energy access (non-commercial share) in relation to population density

Billions of people:
Abject poverty: 1 3Abject poverty: 1 3Abject poverty: 1.3Abject poverty: 1.3

Poor: Poor: 0.60.6
Less poor: 1.4Less poor: 1.4

Middle class: 1.4Middle class: 1.4

3.3

2.8
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Rich: 1.2Rich: 1.2
2.8

Source: Gruebler et al, 2009Source: Gruebler et al, 2009



Health Benefits of Pollution Control
(loss of stat life expectancy PM)(loss of stat. life expectancy - PM)

#7Source: Smith et al, 2009Source: Smith et al, 2009

Reasons for Concern Reasons for Concern –– “Red Amber”“Red Amber”
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Carbon ReservoirsCarbon Reservoirs
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Unconventional Hydrocarbons
15,000 to 40,000 GtC

Distribution of Unconventional Gas ResourcesDistribution of Unconventional Gas Resources
3 842 3 842 3,842 3,842 
TCFTCF 627 TCF627 TCF

3 5283 528
510 TCF510 TCF

3,5283,528
TCFTCF

2,5482,548
TCFTCF

39 TCF39 TCF

TCFTCF

274 TCF274 TCF
314 TCF314 TCF

2,3132,313
TCFTCF

2,1172,117
TCFTCF

314 TCF314 TCF

Shale Gas

Tight Gas

Coalbed Methane

TCFTCF

Coalbed Methane

Source: SPE Paper 103356, USGS
16,112 TCF ≈ 17 ZJ



Methane HydrateMethane HydrateMethane HydrateMethane Hydrate
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Europe Population vs. Energy Demand Density

Note in particular renewable supply density threshold of maximum 0.5-1 W/m2
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Global Energy TransformationsGlobal Energy Transformations

 Access to energy and ecosystem servicesAccess to energy and ecosystem services Access to energy and ecosystem services Access to energy and ecosystem services 
(a prerequisite for MDGs & wellbeing) (a prerequisite for MDGs & wellbeing) 

 Vigorous decarbonization for mitigating Vigorous decarbonization for mitigating 
climate change brings multiple coclimate change brings multiple co--benefitsbenefitsclimate change brings multiple coclimate change brings multiple co benefitsbenefits

 Energy transformations require R&D and Energy transformations require R&D and gy qgy q
rapid technology diffusion & deploymentrapid technology diffusion & deployment

 Sustained energy investments are needed Sustained energy investments are needed 
and would result in multiple coand would result in multiple co--benefitsbenefits
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Global COGlobal CO22 EmissionsEmissions

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)
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Global Primary EnergyGlobal Primary Energy
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Global Energy TransformationsGlobal Energy Transformations

 Access to energy and ecosystem servicesAccess to energy and ecosystem services Access to energy and ecosystem services Access to energy and ecosystem services 
(a prerequisite for MDGs & wellbeing) (a prerequisite for MDGs & wellbeing) 

 Vigorous decarbonization for mitigating Vigorous decarbonization for mitigating 
climate change brings multiple coclimate change brings multiple co--benefitsbenefitsclimate change brings multiple coclimate change brings multiple co benefitsbenefits

 Energy transformations require R&D and Energy transformations require R&D and gy qgy q
rapid technology diffusion & deploymentrapid technology diffusion & deployment

 Sustained energy investments are needed Sustained energy investments are needed 
and would result in multiple coand would result in multiple co--benefitsbenefits
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Mitigation Portfolios (which technologies we need)Mitigation Portfolios (which technologies we need)

versusversus R&D (which technologies we develop)R&D (which technologies we develop)

cumulative emission
d ti 2000 2100

cumulative R&D current R&D

All IEA countries

reduction 2000-2100
 (mean of all scenarios)

GtC % min % max %

(1974-2007) 2007

109 US$2007 % 109 US$2007 %

Energy efficiency 1662 57.5 714 56.4 2350 54.8
Fossil Fuels 171 5.9 73 5.8 279 6.5
Renewables 537 18.6 217 17.2 826 19.3
N l 269 9 3 100 7 9 433 10 1

38 8.9 1.6 13.0

55 12.8 1.4 11.3

37 8 7 1 5 12 3Nuclear 269 9.3 100 7.9 433 10.1
Others 252 8.7 162 12.8 398 9.3

Total 2890 100.0 1266 100.0 4286 100.0

37 8.7 1.5 12.3

236 54.8 4.6 38.0

64 14.8 3.1 25.4

431 100.0 12.0 100.0

NakicenovicNakicenovic ##2121 20102010Source: Gruebler, 2009Source: Gruebler, 2009

A Vision of a Future Energy SystemA Vision of a Future Energy System
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Existing and Planned ProjectsExisting and Planned Projects
 Sleipner Project, saline formation, North Sea
Weyburn, EOR, Saskatchewan, Canaday
 In Salah, gas reservoir, Algeria (development)
 Snohvit, off-shore saline formation, North Sea
Gorgon, saline formation, Australia (planning)

Nakicenovic #23 Source: Sally Benson, 2003

Buildings utilizing passive solar construction 
(“PassivHaus”)250 ( PassivHaus )
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Source: Jan Barta, Center for Passive Buildings, www.pasivnidomy.cz



Example of savings by reconstruction 

Reconstruction according 
to the passive house Before reconstruction to the passive house 

principle
Before reconstruction

-90%
15 kWh/(m²a)over 150 kWh/(m²a)

#25
Source: Jan Barta, Center for Passive Buildings, www.pasivnidomy.cz, EEBW2006

CITARO HCITARO H22 Fuel Cell BusFuel Cell Bus
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Area Occupied by Various Transport Modes
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Energy SuperGrid and MagLev TrainsEnergy SuperGrid and MagLev Trainsgy p ggy p g
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Potential Synergies between New Energy and 
T t I f t t A i “S id”Transport Infrastructures: Asian “Supergrid”

Super Cables Super Cables 
Power linesPower lines

Electric Power Research institute ©

MAGLEV

Source:
Y. Yamagata, NIES. 2010
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 Access to energy and ecosystem servicesAccess to energy and ecosystem services Access to energy and ecosystem services Access to energy and ecosystem services 
(a prerequisite for MDGs & wellbeing) (a prerequisite for MDGs & wellbeing) 

 Vigorous decarbonization for mitigating Vigorous decarbonization for mitigating 
climate change brings multiple coclimate change brings multiple co--benefitsbenefitsclimate change brings multiple coclimate change brings multiple co benefitsbenefits
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Global Investments in New RenewablesGlobal Investments in New Renewables
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Global Investments in Upstream Oil and GasGlobal Investments in Upstream Oil and Gas
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CoCo--Benefits of Energy InvestmentsBenefits of Energy Investments

3000

Based on IIASA‐GEA: Riahi et al, 2010 Multiple benefits include:

1) Avoided subsidies (ref?)
2) Avoided costs of pollution control due to application of zero‐polltion  

technpologies and efficiency enhancements (GEA)

3) Reduced need for energy security expenditures for limiting  energy imports 
(due to higher reliance on domestic renewables and efficiency) : GEA estimate
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4) Health benefits due to universal energy access (based on GEA pathways and 
DALY estimates from WHO)

5) Avoided climate change impacts  (based on GEA pathways and estimated social
cost of carbon from IPCC AR4, WGIII, chapter 3)
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www.GlobalEnergyAssessment.orgwww.GlobalEnergyAssessment.org
T d S t i bl F tT d S t i bl F t

The magnitude of the change required in theThe magnitude of the change required in the

Towards a more Sustainable FutureTowards a more Sustainable Future
The magnitude of the change required in the The magnitude of the change required in the 

global energy system will be huge global energy system will be huge 

The challenge is to find a way forward that The challenge is to find a way forward that 
addresses simultaneously climate changeaddresses simultaneously climate changeaddresses simultaneously climate change, addresses simultaneously climate change, 
security and equity issues.security and equity issues.

Paradigm change is needed: radical Paradigm change is needed: radical 
improvements in energy endimprovements in energy end use efficiencyuse efficiencyimprovements in energy endimprovements in energy end--use efficiency, use efficiency, 
new renewables, advanced nuclear and carbon new renewables, advanced nuclear and carbon 
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capture and storage.capture and storage.


