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Energy Transitions and the Global Challenge  

•  Today’s Global Energy Consumption: 16.5 TW
- of which 2.5 TW is non-carbon (mainly hydro, nuclear..)

•  By 2050:  30 TW
-  Likely higher (31- 40 TW)

•  By 2050: 15 TW of new non carbon 
- Equal to 6 x today’s renewable global capacity  

All new growth to be met by non-carbon 
sources

If goal is to stabilize 
global emissions 

profile to 550 ppm 
GHG emissions, 
approx 50% of 
Global Energy 

Demand must be 
non- carbon forms of 

energy
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Global population divided into income groups:

Shifting the development profile 
to a “low poverty” world means 
energy needs double by 2050

Shifting the development profile 
further to a “developed” world 
means energy needs triple by 2050
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2050 (B2-AIM)                      2050 (A1B-AIM)

Meeting future energy needs                    (IPCC)
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Intermediate growth, 
local solutions, less 
rapid technological 
change.

Rapid economic 
growth and rapid 
introduction of new 
and more efficient 
technologies.
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Magnitude of change required for CO2 
stabilization 

Source: WBCSD 2007
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Is there an acceptable limit for 

CO2 emissions?

Scenario A1B emissions 
rangeScenario B2 emissions range
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The rate of technological 
change is closely related 
to the lifetime of the 
relevant capital stock 
and equipment

Motor vehicles 12 – 20 years

Nuclear 30 – 60 years

Coal power 45+ years

Hydro 75+ years

Gas turbines 25+ years

Buildings 45+++ years

Source: WBCSD 2007

The lifetime of energy infrastructure
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. . . because of the large 
existing base of power stations 
and their long lifetimesAdditional capacity needed

Declining current capacity

CO2  emissions
Mt per year

10’000
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… CO2 emissions from the 
power sector will still not start 
to decline before 2030

• All new coal stations capture 
and store carbon or nuclear/ 
renewable capacity is built 
instead

• Natural gas is the principal other 
fossil fuel 

Even if…

Alternate power generation technologies:
Impact on emissions
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Total vehicles,
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Total alternative vehicles

Total traditional vehicles

Annual total vehicle growth of 2% p.a.
Annual vehicle production growth of 2% p.a.
 Large scale "alternative" vehicle manufacture 
starts in 2010 with 200,000 units per annum 
and grows at 20% p.a. thereafter.
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Useful Energy: Efficiency: Waste ???
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§ “The Moving Finger writes; and having 
Writ, Moves on; 

Nor all your Piety nor Wit Shall lure it 
back to cancel half a line, Nor all your 

tears wash out a word of it.”
- The Rubaiyat of Omar Khayam, Edward 

Fitzgerald

Useful Energy: Efficiency: Waste ???
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technologies.
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Low energy / carbon 
intensity development, 
enabled by societal and
technology changes.
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A Balanced Mix of Options
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How do we manage the big risks? 
Not to focus on regulations for helmets!
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Low-carbon energy futures:

WGSI.org
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Large scale storage for 

renewable energy
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Coal ?
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Minneapolis/St Paul

Chicago

A New Metropolis on the North American Continent ?



Click icon to add picture Future Grid

§ Reliable and 
stable output

§ Storage critical 
for increased 
compatibility of 
renewable 
energy to the 
grid.

Wind Power

Central Power 
Plant

Physical ESS

PV Generation

Electrochemical 
ESS

Electricity 
Controller

Customer 
Load

Energy Storage for the Future 
Grid





Click to edit Master Enhanced Geothermal 
Power

Geothermal technologies

§ Enhanced 
Geothermal Systems 
(EGS)

§ Co-produced systems
§ Advanced binary-

cycle plants



Click to edit Master Enhanced Geothermal 
Power

Challenges for EGS
§ Large upfront capital cost for 

drilling projects
§ Lack of access to private 

sector capital to undertake 
high-risk capital intensive 
projects

§ Lack of long-term investment 
incentives such as a price on 
carbon

§ Lack of proof of resource for 
many geothermal prospects

§ Lack of technically and 
commercially proven projects
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Click to edit Master Challenging your assumptions about 
nuclear

Nuclear
waste

§ Nuclear waste is fuel
Ø Avoids long-term storage

§ Closing the fuel cycle
Ø Inexhaustible supply

§ Inherent safety
Ø Public acceptance

§ Decarbonizes base load
Ø Eliminates coal

2020 2030 2040 2050
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Why nuclear?
§ Proven capacity to deliver on a large scale
§ Build on existing technological base 
§ Closing the fuel cycle: eliminate waste, improved 

safety, near inexhaustible resource 
§ Transition from fossil fuels without Advanced Nuclear 

Technologies?

Advanced nuclear 
fuel cycle concepts
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Comparing three nuclear fuel cycles
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2.5 billion energy-poor people

Electricity Access for All 
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Powerlines But No Power
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Organic Photovoltaics (OPV) as an illustrative 
example§ PV technologies in development form an ecosystem from silicon-

based photovoltaics to thin films and emerging next-generation 
nanotechnology concepts

§ They in turn are a part of a larger system with the potential to be 
integrated within smart micro-grids, along other local renewable 
resources

The thin film family: amorphous silicon, copper indium 
gallium diselenide (CIGS),  cadmium telluride (CdTe), 
organic thin films and dye-sensitised integrated 
photovoltaic



Click to edit Master The context

Q (kWh)

Price ($)

500 c/kWh

10c / kWh

Urban Scale

Subsistence
Power

Niche

50 c/kWh
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Low Willingness To Pay: High kWh
High Willingness to Pay: Low kWh
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High WTP, Low kWh

§ 2.5 billion people without electricity (500 
million households)

§ @$200/system, $100B
§ Cost of systems being purchased now in Haiti
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Critical Pathways for Human Development Goals

Flexible, Portable, Light-weight and Resilient.

Attractive Price.
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Medium WTP, Medium kWh

Replace Si based PV in 
applications such as:
• Water pumps
• Refugee camps
• Military forward bases 

(>$1000/gallon delivered 
diesel)

• Distributed sensors 
(rugged for deployment)
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Business/ 
Industry

Civil Society Government International 
Organizations

Bosch

BASF

Mitsubishi

ENI (Italian 
oil)

Konarka

Nano-C

Digicel

TERI

En+Co

Acumen 
Fund

Oxfam

KIVA + 
others

Government of 
India

Militaries

CIDA, DFID, 
USAid, GIZ

Other developing 
country gov. 
partners

UNFCCC 
(NAMAs)

UNHCR

Red 
Cross/Crescen
t

Development 
Banks
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Rapid Urban Population Growth = Increasing Mobility 

Needs 
         

Air Quality GHG 
Emission Congestion

6 Billion

200
5

3 Billion

2030

Additional 3 Billion People!
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Shanghai, China

Jakarta, 
Indonesia



Click to edit Master  Emerging Innovations 

House

Information
Through

Mobile Phone Destinatio
n

Mass Transport
Personal 
Vehicles

Electric Bus, Trains Electric Cars & Bicycles

One Subscription

‘We Want Access, Not Ownership’
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Advanced Lithium Ion

Flow Battery

ICT 
(smart-phones, GPS)

Cars, Bicycles

Bus, Fleets

Integrating 
Information 

Access
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§ Need an intelligent infrastructure that can accommodate 
renewable energy solutions: 

• Matching load with renewable energy availability 
• Electrification of transportation

§ Knowledge is literally power
• Ability to influence  future construction & design
• Ability to influence behaviour now

 Smart Urbanization 
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Smart Grids
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Interrelated opportunities



Click to edit Master Guideposts:  shaping future directions

54

1. Scale and complexity of change suggests transition to a low 
GHG economy will take a long time

2. Global dimension of energy poverty is an even larger and deeper 
social and economic problem

3. Compelling global need for a non-carbon based source of high 
quality energy

4. Radical improvements necessary: OOM efficiency/cost 
5. The power sector will be characterized by a low carbon intensity 
6. A balanced mix of energy resources is key to achieving  

sustainable prosperity and environmental performance. 
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Paths to a  
Sustainable Life 
Quality
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