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Advisory Group on Energy (AGE)

• Covers FP and Euratom

• Non-representative of MSs, but…

• Representative voice of energy RTD 

actors

• Nominated by Commission, appointed 

by Commissioner for Research

• Independent advice

• Influence?  None other than what the 

AGE creates
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FP6 AGE

Four published reports:

• “Key Tasks for Future European 
Energy R&D (2 vols – 2005, 2006)

• “Towards the European Energy 
Research Area”  (2005)

• “Transition to a Sustainable Energy 
System for Europe: The R&D 
Perspective” (2006)

Austrian member:  Prof Gerhard Faninger

Institut für interdisziplinäre Forschung und 

Fortbildung

4

FP7 AGE

• First (partial) meeting:  July 2006

• First full meeting:  Oct 2006

• First task: opinion on FP7 work 
programme

• Now formulating a programme for 
FP7/Euratom AGE

• Likely to build on strategic focus from 
FP6

Austrian member: Dr Josef Spitzer, Joanneum

Research
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This presentation….

1. EU/EC level: recent developments, 

some trends and projections, and 

some worrying ‘disconnects’

2. Views on priority R&D fields for short, 

medium and long terms

3. Organisation and funding issues:  a 

new paradigm for EU energy research?

4. Some closing personal comments
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Recent EU developments -

policies

• Common policy approach to energy:

- Security of supply (= Nat gas from 
Russia!)

- Shared approach to taxation measures

(sustainability)
- Competitiveness an issue of increasing

concern

• Raising the visibility of energy issues in 
Europe

8

Proposed activities include:

• Regular Strategic EU Energy Review

• Action Plan on Energy Efficiency 

(objective:  20% improvement in EE by 

2020) (accelerated action)

• Renewable Energy Road Map

• Strategic Energy Technology Plan

• Common external energy policy
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The EC:  …Urgency… Scale…

• “Europe must act urgently:  it takes many 
years to bring innovation on stream in the 
energy sector”  (Green Paper - March 06)

• “A common approach, articulated with a 
common voice, will enable Europe to lead the 
search for energy solutions” (Barroso, May 06)

• “…The EU will need to reduce its CO2 
emissions by at least 50% over the next 
decades…. we are beginning to realise the 
magnitude and the urgency of this problem”
(Piebalgs, May 06)

10

Yet….

1. EU-25:  In 2000, the second highest CO2

emitter from FF only (16.0% of global)

2. Primary energy imports 50%;  “on present 
trends”, by 2030:

- 90% dependent on imports for oil

- 80% dependent on imports for Nat Gas

3. Likely range of EU GHG emissions to 2025:
-1% to +39% (mid-point: +20%)
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Yet…. (Contd)

4. At the least, a high probability of maximum global 
oil production in the short term (from 2010 – 2020), 
while…

5. …Global oil demand must be expected to grow at a 
high rate over this time…

6. But important modelling exercises don’t reflect this 
(e.g. POLES Ref. Scenario:  60 years reserves at 
current production - EOR to increase recoverable 
reserves from 1,700Gbl (2001) to 2,500Gbl (2050) –
50% increase!

7. Demand for electricity will continue to grow (global 
projection: +45% by 2030);  Europe too….   And 
H2….EVs?

12

Yet…. (Contd)

8. Ageing European energy system: 

€1,000,000,000,000 investment needed 

by 2025, much of it to meet baseload

9. But the technologies we need aren’t 

ready yet, and significant market share 

takes decades
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Europe stirs…

• In fact, the Commission has been 
pushing the agenda hard since FP5…

• And recent events are driving a common 
overall energy policy approach…

• But will the Euro-Russian accord plus 
easing oil prices slow this again?

• A few MSs are driving their energy/GHG 
agenda

• But still an absence of strategy at EU 
level…..

14

Is energy R&D really important in 

EU?

FP

1

2

3

4

5

6

7

Energy budget as % of total FP budget

66%

50%

23%

22%

18%

11.6%

4.6% (7.25% of Cooperation budget)
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Is energy R&D really important in 

EU?

EU level:

• FP6 Thematic Progr Energy:     €424 M

• FP7 Thematic Progr Energy:     €341 M

Member State level:

• Though it may now be steadying out, 
EU (EU-15) Government energy R&D 
expenditures have been in decline 
since 1982 (adjusted to 2000 prices)

16

This presentation….

1. EU/EC level: recent developments, 

some trends and projections, and 

some worrying ‘disconnects’

2. Views on priority R&D fields for 

short, medium and long terms

3. Organisation and funding issues:  a 

new paradigm for EU energy research?

4. Some closing personal comments
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Initial comments (FP7)

• Portfolio approach of FP7 seems 

inevitable and strategically appropriate

• Proposed Work Programme for FP is 

(fairly) comprehensive… and it covers 

(almost) all AGE concerns

• But wait a while for complaints about 

shortage of funds…

• Strategic element remains largely ad hoc

18

Prioritising – strategic issues

• Required: a long term vision and 

quantitative/qualitative objectives for a 

“sustainable energy system”

[“Sustainability” including environmental, economic, social 
dimensions]

• Both transformation and transition

• Identifiable ‘pathways to sustainability’

• Long term fuel availability

• Parallel focus: immediate-short, medium, 

long, and very long term horizons
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And focusing on all these ‘terms’ is costly

Activities focused on the:

Horizon I-S Term M Term L Term VL Term 

2010-12 

2025 

2050 

2100+ 

20

Overall strategic energy R&D focus in the

I-S Term M Term L Term 
Energy efficiency a key 

competitive advantage 

in all markets (stimulate 

‘virtuous R&D circle’) 

‘Sustainability’ a key 

competitive advantage 

in all markets 

Long term 

sustainability a pre-

requisite in all markets 

Radical efficiency 

breakthroughs 

Deploy most efficient 

available technologies 

Accelerate R&D focused 

on proof of concept 

and pilot 

Established RE 

technologies fully cost 

competitive 

Develop required 

energy system 

infrastructures 

Plan for post-pilot 

activities 

Demand reduction 

Societal participation: 

Accelerate 

development of “+ 

Gen.” technologies 

 - Incr. 

understanding 

 - Commitment 

World-leading R&D 

infra- structures 

World-leading CoEs 

Build competence/ 

capacity 
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FP7:  The elephant not in the 

room
Fission reactor research:

• Nuclear power will be in the mix, like it 

or not

• Offers pathway to sustainable energy if

- Fuel utilisation is increased greatly

- New fuel cycles reduce quantity/ 

toxicity of waste products

- Waste disposal/recycling are

addressed

22

Generation IV needs public funds

• Recent modelling (SAPIENTA) shows 

Gen. IV is especially sensitive to R&D 

funding:

- Zero-GERD scenario: G.IV costs in

2050 double and G.IV fails in the market

- High-GERD scenario: G.IV gains 50%

more share than in the Reference

Scenario
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Conversion technologies: 

heat/power
• Renewables, ‘clean’ coal and nuclear will ‘slug 

it out’ in the market

• But the ZEP’s aim is a commercial product by 
2020

• Global demand for coal? (Heat…Power…CTL)

• And nuclear build capacity is severely 
constrained and needs time

• And EU-level fission reactor research support 
is zero

• A sizeable window of opportunity for RES!

• Expect emphasis on community-scale 
biomass for heat and power

24

Energy for transport

• Expect hydrocarbons to dominate for 
decades

• Thus all measures to reduce private/ 
freight transport emissions/use

• Accelerate uptake/devt of high-
efficiency ICEs/hybrid drives

• Maximise BTL penetration; accelerate 
2nd Generation biofuels/fuel from waste 
streams/integrated biorefineries

• H2/FC & EV options: both need high-
temperature source + infrastructure!
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Energy for transport (Contd)

• Watch out for biofuel/mass feedstock 

constraints (enter GTL, CTL)

• European biocrop infrastructure will 

require integrated policy and extensive 

R&D

• Speculative R&D needed on biofuel

production – enzymes, photoferment-

ation…

• It would be a pity if small-scale 

electricity storage were ignored…

26

Energy for transport (Contd)

• Incentives and regulation can boost 
efficiency and low-emission 
technologies, but…

• …in the long run the market will decide 
between biofuel/FF ICEs and hybrids, 
H2/FC, and electric vehicles

• There will at least be niche markets for 
all – well, maybe…

• Expect new entrants and new market 
segments/structures in the transport 
industry



Seite 24

27

End use efficiency

• Potential is massive, but requires 

massive multi-stranded policy support 

to stimulate ongoing R&D

• All sectors

• FP7 emphasis on industrial process 

R&D for step-change efficiency 

improvement is necessary and welcome

• EU-level research should: focus on 

large-potential topics; breakthroughs; 

competitiveness; supporting policy

28

Carbon Capture & Storage

• Extensive short and long term research 
programme still needed

• Environmental, regulatory, legal issues 
to be resolved

• Public acceptability may turn out to be a 
hidden trip-wire

• Is CCS our latest comforting bedtime 
story?

• Shall we say that widespread CCS will 
be a ‘transition technology’?
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Societal and even cultural issues

• Political short-term-ism leads at best to public 

confusion; at worst, to complacency

• Issues include:

- Understanding & informed opinions

- Understanding that abundant, clean, 

affordable energy must have ‘costs’

- Commitment to ‘clean’ choices & lines

of behaviour

- Lifestyle and values

- Cooperative & collaborative approaches

• R&D needs; FP7 emphasis welcome

30

RE R&D priorities – overview (1)

• Wind energy: cost reduction & scale; 

reliability & remote applications; 

predictability

• Solar low-temp: efficiency & cost 

reduction; applications (industry; 

desalination)

• Solar high-temp: extensive, including 

capital/operating cost reduction, 

materials/components, demonstration/ 

applications
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RE R&D priorities – overview (2)

• Solar PV:  Strategic Research Agenda; 

breakthrough R&D needed to achieve 

mass-producible low-cost film

• Biomass: All stages of supply chain; 

operating cost reduction; efficiency 

(gasification); demo/scale-up

• Biofuel: Gen 1:  cost reduction; Gen 2: 

lignocellusosic feedstock & syngas to 

liquid;  biorefinery devt.

• Ocean energy: Prove potential

32

FP6 AGE & FP7/Euratom WP

• Very close correspondence between AGE 
unanimous recommendations and the proposed 
WP for FP7

• BUT:

- AGE wanted a four-fold increase in 
budget

- AGE believe a major EU initiative  (JTI, MS 
participation, risk-reduction) on fission reactor,
fuel cycles, waste reduction/recycling not only
makes sense, but is essential

- AGE believes rapid progress towards more
JTIs is needed (though costly…)



Seite 27

Heather Greer

33

This presentation….

1. EU/EC level: recent developments, 
some trends and projections, and 
some worrying ‘disconnects’
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3. Organisation and funding issues:  
a new paradigm for EU energy 
research?

4. Some closing personal comments

34

Organisation & Funding (Overview)

• Energy technology R&D has a particular 

need for ERA principles

• Pooled MS/EU funding and risk-reduction will 

be needed in a number of fields of energy 

R&D (ERA-NETs can help substantially)

• Better organisation of crosscutting R&D 

funding must happen in FP7

• We need world-leading energy R&D 

infrastructures and Centres of Excellence
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Is progress sufficient?

• Strong progress since 2000

• European Commission have driven the 

agenda, but

• Engagement by most Member States lacks 

conviction and urgency

• Requires strong top-down approach as well 

as bottom-up

• Still a gross absence of strategy at EU and 

most MS levels – even an absence of data!

36
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Some (mostly) personal 

comments
• Who is really aware of the “magnitude 

and urgency” of the problems we face

• Without strong MS political commitment, 

we will fail. We may anyway

• We simply cannot afford not to pursue 

all options – particularly not one as 

potentially important as fission

• Changing the way we do energy R&D in 

Europe is as important as the R&D itself

38

Finally…

• “Our problems today result from a lack 

of commitment to energy R&D in the 

past.  We cannot now afford to repeat 

this mistake.  There is no time to 

spare.”

European Commission, “Transition to a Sustainable 
Energy System for Europe:  The R&D Perspective”,
Summary report by the Advisory Group on Energy, 2006
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Notes

• Slide 10:  EU was also second highest to US (26.8%) in terms of 
cumulative emissions (1950-2000) of CO2 from FF & cement production, 
at 22.2% of world CO2 emissions.

• Slide 11: C. Campbell’s extensive database suggests that global oil 
production will reach a maximum within the coming years, if not already.  
Total (France):  Top level report suggests 2020 a possibility under 
pessimistic assumptions.
All projections are for a continuing increase in world FEC – e.g. from 
about 10,000Mtoe today to about 17,000 in 2030 , a 70% increase
EU increase is much more modest, but still an increase.
In fact, the EOR (Enhanced Oil Recovery) assumption is essential in 
order to close the gaps for 2050 within the Reference Scenario. To 
date, EOR has not prevented oil production plateaux and decline in 53 
oil-producing regions/major fields.

• Slide 23: The sources referred to make clear the magnitude of the gap 
between the nuclear industry capacity and the likely demand in the mid 
and maybe the short terms.  It is not planned that Toshiba Westinghouse 
will allocate significant, if any, capacity to new nuclear build in Europe.
Locally based use of biomass CHP/DH for industry, commerce and the 
residential and other sectors not only represents an efficient  (from a 
total systems and a conversion efficiency point of view), but also 
represents a desirable drive towards individual and group participation in 
energy provision and use.
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Notes (Contd)

• Slide 34: Assuming Technology Platforms’ outputs lead to a much more 
closely planned and coordinated approach to developing technologies 
towards deployment, this in turn will demand a more coordinated 
European/MS approach to R&D programmes and particularly pooling of 
EU and MS funds to achieve ambitious objectives. And energy research 
is characterised by the scale, duration and risk associated with many 
fields.
For a detailed treatment of the organisational, structural and funding 
issues, see European Commission “Towards the European Energy 
Research Area”, Recommendations by the ERA Working Group of the 
[FP6] Advisory Group on Energy, 2005.

• Slide 35: Examples of lack of data include (a) an absence, despite 
several efforts, of reliable and up to date information on national energy 
R&D policies, programmes and resources;  and (b) a lack of independent 
data and analysis in relation to oil and natural gas reserves (the 
“Observatory” established in DG TREN recently may address the latter).
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Energy Technologies of the Future 
and R&D priorities

Arsenal Research, Energy 2050 Conference
29 November 2006

Richard Doornbosch
Principal Advisor 
OECD Round Table on Sustainable Development
www.oecd.org/sd-roundtable meeting papers
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Energy 2050: two myths

The world depends on oil from the 
Middle East 

Technology will come to the rescue to 
save the planet
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Oil resources
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Security of Supply

Cheap oil in OPEC countries

costs

88

Carbon free energy
In 2050 the world needs ~ 15 TW additional

~ 42~ 21450

~ 38~ 15550~3802.8Free

~ 29~ 11750

462914.2

210020502003In TW

Source: Hoffert et al (1998) and IEA
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Global carbon free alternatives

Bio-energy 

~ 3 TW (total 
additional 
potential)

Wind

~2-7 TW

Geothermal

~ 1 TW (2003: 0.06 TW 
and not much room for 
improvement)

Hydro

~ 1 TW (total 
potential)

Solar

~ ? TW 
(2003: 0.006 
TW)

Nuclear 

~ 2 TW is 18 new 
plants a year until 
2050

CCS

~ ?

(15 TW = roughly two 
Sleipner plants a day 
until 2050)

1010

2050: Fossil fuels dominate 
energy mix
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R&D priorities and programmes
- not up to the task -

Trend is declining, challenge is 
increasing

R&D intensity in comparison with other 
sectors of the economy is low

Energy R&D portfolio 
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Development private R&D 
expenditure (in OECD)
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Catch 22?

Treaty, only if the technology is there at 
low cost

Technology becomes available at low 
cost, only if there is a treaty

Is the technology there? At what costs?
bilisation Wedges (2004)

1%?
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Energy 2050: carbon price now!

Real challenge, not security of supply 

Global R&D 
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Global Final Energy by FormGlobal Final Energy by Form
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B1, A2

B1

A1

B2

A2

0

20

40

60

80

100

2000 2020 2040 2060 2080 2100

Fi
na

l E
ne

rg
y 

Sh
ar

es
 (%

)

B2, A1

Grids 
(electricity, gas, district heat, hydrogen)

Liquids
(oil products, methanol, ethanol)

Solids (biomass, coal)

NakicenovicNakicenovic ##22 2006200616

0

10

20

30

Gas CC Coal Wind Hydro Nuclear Solar-
Thermal

Solar
PV

ELECTRICITY COSTS

C
EN

TS
 P

ER
 k

W
h

Source: Kheshgi, Exxon Mobil (2002)

Seite 50



Seite 51

NakicenovicNakicenovic ##1313 20062006

1859: 292 $/bbl

$
/b

b
l 
(c

u
rr

e
n

t 
a

n
d

 c
o

n
s
ta

n
t 

U
S

$
2

0
0

0
)

2000197519501925190018751850

75

50

25

0

100

2025 2050

Shadow prices

Average costs

Volatility zone

Historical Oil Prices and in ScenariosHistorical Oil Prices and in Scenarios

NakicenovicNakicenovic ##1414 20062006

Evolution of Global Primary EnergyEvolution of Global Primary Energy



Seite 52

NakicenovicNakicenovic ##1515 20062006

Evolution of Global Primary EnergyEvolution of Global Primary Energy

NakicenovicNakicenovic ##1616 20062006

Evolution of Global Primary EnergyEvolution of Global Primary Energy



Seite 53

NakicenovicNakicenovic ##1717 20062006

A2A2

Evolution of Global Primary EnergyEvolution of Global Primary Energy

NakicenovicNakicenovic ##1818 20062006

B2B2

Evolution of Global Primary EnergyEvolution of Global Primary Energy



Seite 54

NakicenovicNakicenovic ##1919 20062006

B1B1

Evolution of Global Primary EnergyEvolution of Global Primary Energy

Global Mean Temperature ChangeGlobal Mean Temperature Change
Six illustrative SRES scenarios, full range Six illustrative SRES scenarios, full range 

s



Seite 55

NakicenovicNakicenovic ##2121 20062006

World GHG EmissionsWorld GHG Emissions
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World GHG EmissionsWorld GHG Emissions
IIASA A2 ScenarioIIASA A2 Scenario
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World GHG EmissionsWorld GHG Emissions
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World GHG EmissionsWorld GHG Emissions
IIASA A2 ScenarioIIASA A2 Scenario
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World GHG EmissionsWorld GHG Emissions
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World GHG EmissionsWorld GHG Emissions
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World GHG EmissionsWorld GHG Emissions
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World GHG EmissionsWorld GHG Emissions
IIASA B2 ScenarioIIASA B2 Scenario
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World GHG EmissionsWorld GHG Emissions
IIASA B2 ScenarioIIASA B2 Scenario

1
9

9
0

2
0

0
0

2
0

1
0

2
0

2
0

2
0

3
0

2
0

4
0

2
0

5
0

2
0

6
0

2
0

7
0

2
0

8
0

2
0

9
0

2
1

0
0

Energy conservation and efficiency

improvement

Switch to natural gas

Fossil CCS

Nuclear

Biomass (incl. CCS)

Other renewables

Sinks

CH4

N2O

F-gases

CO2

0

5

10

15

20

25

30

35

40

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

A
n

n
u

a
l 

G
H

G
 e

m
is

s
io

n
s
, 

G
tC

 e
q

.

B2

B2 - 4.5W/m2

Reclip:tomReclip:tom
Research for climate protection Research for climate protection –– technological options for mitigationtechnological options for mitigation

#30Müller, 2006

Top-Down (Makroökonomischer) Ansatz 

Basierend auf folgender Literatur
(1) WifoWifo--SzenarioSzenario (2005)
(2) European European EnergyEnergy and and 

Transport Trends to 2030Transport Trends to 2030
(2004, DG TREN, PRIMES-Modell)

(3) IPCC, Spezial Report on EmissionsIPCC, Spezial Report on Emissions
(2001)

Baselineszenario 2020-2050
Intensitäten von (2)
und (3) MESSAGE A1-B2 Szenarien

Übernommen und an (1) angepasst 

BaselineBaseline Szenario ist energieintensives SzenarioSzenario ist energieintensives Szenario

2
2

(Impact = Population x Affluence x Technology)

Erlich, Holdren  (1972)

( )
( )

BIP ... Bruttoinlandspr
B ... Bevölkerung

odukt
VA ... Sektorielle Wert

IPAT Analyse

CO Equiv
Emissionen in CO Equiv B

B
BIP VA

BIP VA
E

E

E ... Energ
schöp

iebe
fung

darf

BaselineBaseline Szenario 2050Szenario 2050
Methode 
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Baseline Szenario 2050

End-Energiebedarf +60% Emissionen +70%
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Analysen werden bei konstanter Analysen werden bei konstanter 

EnergiedienstleistungsnachfrageEnergiedienstleistungsnachfrage

und Nachfragestruktur durchgeführtund Nachfragestruktur durchgeführt

Durch
effizientere Bereitstellung 
der Energiedienstleistung

Technologien mit höherem 
Jahresnutzungsgrad

Gebäudedämmung / -struktur

Reduktion des Flottenverbrauchs

Durch 
Substitution von emissionsintensiven Technologien

Änderung der Energieträger

Verstärkte Nutzung von öffentlichen Verkehrsmittel

CO2-Abtrennung

Emissionen:

VermeidungsmaßnahmenVermeidungsmaßnahmen

GDPGDP

(BIP)(BIP)

CO2 no changes

Baseline

Additional 

measures
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StromerzeugungStromerzeugung
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Emissionen Baseline

(1) Keine neue Kohle KW

(2) 100PJ (+50%) Biomasse verstromen

(1) + (2)

Vermeidungsmaßnahmen:

Elektrizität:
Ohne Techn. Änderungen: ~10 -> 46 Mt

Baseline: ~ -12 Mt integriert

(1) 100PJ (+50%) Biomasse verstromen:
-4 Mt (320 PJ energ. BMnutzung)

(2) Keine neuen (2) Keine neuen KohleKohle--KWKW:: --1010 MtMt

(1) + (2): -13 Mt

Verkehr:
Ohne Techn. Änderungen: ~22 -> 43 Mt

Baseline: ~ -16 Mt integriert

(1) 30% Biofuels: -8 Mt (200 PJ Biofuels)

(2) 40% Erdgasfahrzeuge: (2) 40% Erdgasfahrzeuge: --55 MtMt

(3) 100% Erdgasfahrzeuge: -12,5 Mt

(1) + (2): -12,5 Mt

BrennstoffwechselBrennstoffwechsel
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Vermeidungsmaßnahmen:

Raumwärme
Ohne Techn. Änderungen: ~10 -> 22 Mt

Baseline: ~ -0 Mt integriert

(1) Öl -50% (42 PJ) 
Erneuerbare: +20%(115 PJ): 

-2,5 Mt

(2) Energieeffizienz: -25% 
Energiebedarf: 6,3 Mt

(1) + (2): 8,5 Mt

Haushalte Haushalte 

HaushalteHaushalte
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(2) Wärmedämmung

(1) + (2)
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Vermeidungsmaßnahmen:

Maßnahmenkosten sind von weiteren globalen 
Entwicklungen der betrachteten Maßnahmen abhängig

Da diese nicht betrachtet werden, werden Kosten im 
wesentlichen exogen aus 

IPCC – SRES

World Energy Assessment Report 

Übernommen und österreichische Kostenpotential 
angepasst

Technologische Maßnahmen zur Reduktion auf niedriges 
Emissionsniveau verursachen in energieintensiven 
Szenarien vergleichsweise hohe Kosten

KostenKosten

NakicenovicNakicenovic ##3636 20062006

TECHNOLOGIETECHNOLOGIE--ENTWICKLUNGENTWICKLUNG
Technology DynamicsTechnology Dynamics

Technologische Unsicherheit:Technologische Unsicherheit:
Beschränktes Wissen über zukünftigeBeschränktes Wissen über zukünftige
TechnologienTechnologien

Deep Uncertainty:                                               Deep Uncertainty:                                               
Limited knowledge on feasibility and costs of future Limited knowledge on feasibility and costs of future 
technologiestechnologies

Endogene Technologiedynamik:Endogene Technologiedynamik:
Kostensenkungen von TechnologienKostensenkungen von Technologien
sind Folgen der gesammelten Erfahrungsind Folgen der gesammelten Erfahrung
Technological Learning:                                         Technological Learning:                                         
Improvements are a function of  accumulated experience Improvements are a function of  accumulated experience 
(learning curve)(learning curve)
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Cost 
reduction
~ $120 109

NakicenovicNakicenovic ##3838 20062006
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Technological Uncertainties: Technological Uncertainties: 
Learning rates (push) and market growth (pull)Learning rates (push) and market growth (pull)
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Existing and Planned ProjectsExisting and Planned Projects
Sleipner Project, saline formation, North Sea

Weyburn, EOR, Saskatchewan, Canada

In Salah, gas reservoir, Algeria (development)

Snohvit, off-shore saline formation, North Sea

Gorgon, saline formation, Australia (planning)

Nakicenovic #39 Source: Sally Benson, 2003

NakicenovicNakicenovic ##4040 200620069

RENEWABLES

Hoffert et al., Science, 2002

Nakicenovic # 40 IIASA&VUT 2003
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NakicenovicNakicenovic ##4242 20062006

Source: AirbusSource: Airbus

Hydrogen Airplane DesignHydrogen Airplane Design
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Climate Mitigation vs Total Energy Investments
(World, 2000-2030)
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Total Energy-related Investments
(World, short & long-term)
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Public Expenditure on EPublic Expenditure on E--R&DR&D

NakicenovicNakicenovic ##4848 20062006

Global Energy Assessment:Global Energy Assessment:
Towards a more Sustainable FutureTowards a more Sustainable Future

TheThe 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, renewables, and carbon use efficiency, renewables, and carbon 
capture and storage.capture and storage.
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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: 

presents a proposal for apresents a proposal for a

Global Energy AssessmentGlobal Energy Assessment

NakicenovicNakicenovic ##5050 20062006

naki@iiasa.ac.atnaki@iiasa.ac.at
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Yasushi Setoguchi

1

Energy Technology 
Vision 2100

Strategic Technology Roadmap 
in Energy Field

Yasushi SETOGUCHI
MIZUHO Information and Research Institute Inc.

2

Final Energy Consumption in 
Japan
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3

Primary Energy Supply in Japan

4

Power Plants Structure in Japan



Seite 73

Yasushi Setoguchi

5

Source of Generated Power

6

A fundamental concept of measures

Increase in Final 

Energy Demand

Increase in Primary 

Energy Demand

Increase in Fossil 

Fuel Demand

Increase in CO 2

Emissions

Utility Improvement

Fossil 

Resource 

Constraints 

Cost Increase

Environ-

mental 

Constraints

Economic 

Constraints          

1)Cut off the chain between "utility" and

2)Cut off the chain between and

3)Cut off the chain between and

4)Cut off the chain between and



Seite 74

7

Energy Technology Vision 2100

Introduced  by Ministry of Economy, Trade and 
Industry, METI
To prioritize R&D based on the long-term vision 

Excessive conditions on the 4 sectors

residential/commercial

transport

industry

energy transformation

8

Forecasting vs. Backcasting

interpolation from goal 
setting (futures) 

extrapolation from 
historical data

Analysis

feasibility and choiceprediction and likelihoodFocus

on-going monitoringone-time snap-shotExecution

implication-orientedaccuracy-dependentQuality

diverge to possible 
futures with respect to 
freedom of action

converge on the most 
likely future

Result

interpreted and 
envisioned from present 
assessment

preceded by present 
assessment

Future(s)

normative
(goal-setting)
from futures to present

exploratory
(opportunity-oriented)
from present to future

Direction

how desirable futures can 
be attained?

what future is likely to 
happen?

Question

BackcastingForecasting 
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9

Goal Definition

10

Figure 2.Estimation of World Population
(world population to the year 2300)
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11

Economy

12
* Source: oil, natural gas, coal: BP statistics 2003.

4.83 Bt2.5 Gm327 Bbbl Annual production

984.5 Bt156 Gm31,048
Bbbl

Proved
recoverable

reserves

204 years60.7 years40.6 yearsR/P ratio

CoalNatural
gas

Oil
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13

Resources - Nuclear

*Source:  Uranium 2003, OECD/NEA.
8,500 years2,550 yearsfuel cycle (Recycle)

410 years130 yearsLight-water reactor And 
fast

reactor (Combined 
recycle)

300 years100 yearsNuclear fuel cycle
(Pu, single cycle)

270 years85 yearsPresent nuclear fuel 
cycle

(Light-water reactor, 
once-through fuel cycle)

Resources of 
conventional 

types
(including known 

resources)

Known resources 
of conventional 

types
Reactor/nuclear fuel 

cycle

14

Scenario of CO2 Emissions year

G
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WGI450 WGI550

WRE450 WRE550
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15

Surmounting Resource Constraint

Volume of production 

and demand

Production 

volume

Volume of demand 

(trend -based)

Peak of production 

volume

Fuel shift case

Gap

year

Conceptual Diagram of Fuel Demand and Production 

16

(1)Assumption of constraints
in the future

Global resource constraint:

Global environmental constraint:
>CO

Condition of the future image of technologies
in Japan:

-CO
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17

(2)Case studies under excessive
conditions of energy structure

Case A: Maximum use of fossil resources such as coal combined with 

CO2 capture and sequestration

Case B: Maximum use of nuclear energy

Case C: Maximum use of renewable energy combined with ultimate energy-saving

18

2000

Industry

Res/Com

Transport

2050

Industry

Res/Com

Transport

2100

Industry

Res/Com

Transport

Coal

Oil&Gas

Nuclear

Renewables etc.

2000 2050 2100

Coal

Oil & GasNuclear

Renewables

Composition of power generation and hydrogen production

Demand composition for each sector

Electricity & H2

Oil&Gas

Coal
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19

(3) Extraction of technology
specification which is required in
each sector

(4) Expanding major technology
menu which is needed to realize the
technology specification along the
time axis

20

Concept of technology
specifications in transport sector

(1) Common constraints of all cases and sectors
- Resource constraints: Up to the production peaks (oil: 2050, natural gas: 2100), 

substitution of other energy resources should be realized. 

- Environmental constraints: CO2 emissions intensity (CO2/GDP) to be reduced to 

less than 1/3 in 2050 and 1/10 in 2100. 

(2) Technology specifications of each case
-It is assumed that the utility (person km and ton km) increases in proportion to GDP 
and the share of each transport mode such as automobiles, aircraft, ships, and trains 
do not change.
-In Case C , it aims at the energy saving for each utility of 70% in the transport 
sector. 
-the automobile sets the energy saving of 80% as a technological specification in 
consideration of the energy saving possibility according to each transport mode in 
2100.
- The share of electricity and/or hydrogen of 100% is necessary to achieve the 
technology specifications. 
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21

Concept of technology
specifications in transport sector

(3) Technology specifications in 2050 of case C
- The energy saving technology specifications for the entire transport sector and for each 

transport mode are set with consideration of backcasting from technology specifications in 

2100 as well as the balance of the common constraints and the energy saving possibility in 

the end use sectors.  The share of electricity and/or hydrogen required for achieving the 

energy saving technology specifications on automobiles are set. 

(4) Milestones in 2030 are set with back casting based on the requirements in 2050 
and 2100

- For example, hydrogen/electric vehicles are required to be commercialized to compete in the 

market in 2030 if 40% of electricity and/or hydrogen use is to be achieved in 2050. 

(5) A roadmap of technology specifications expected to meet requirements at each 
time

20% reductionEnergy supplied from 
transformation sector* (overall)

70% reduction50% reduction

10-20% reduction
Aircraft, ships, and trains

30-50% reduction20-35% reduction

Energy demand
Share of electricity and/or H2
CO2 intensity

0%
160 g-CO2/km (1 time)

30% reduction
1% or more

100 g-CO2/km (2/3 times)

60% reduction
40%

50 g-CO2/km (1/3 times)

80% reduction
100%

0 g-CO2/km

Automobiles

2100205020302000

Utility (person-km, ton-km) 1.5 times 2.1 times1 time

Energy demand

*The percentage of reduction of energy per unit should be supplied from the transformation sector, compared with utility increases in proportion to GDP.

22

Concept of technology
specifications in transport sector

- 70%- 50%- 20%Unit

Energy 
supplied from transformation sector

X 2.1X 1.5Unit

Utility
Person-km,

ton-km

2100205020302000

ZERO50g100g160gCO2 intensity (CO2 / km )

100%40%1% 0%Share of Electricity and/or H2

- 80%- 60%- 30%Energy demand

Automobiles

All Transport Sector
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Transport-4
Jan/04/2006

Energy 
Conservation

Fuel switch

Biomass fuel (mixture)

Synthetic fuel (mixture)

Automobiles Engine/Electric motor
(hybrid system)

Compressed hydrogen  liquid hydrogen, hydrogen storage material

Battery and capacitor, etc.

Electric motor
Fuel cell/Battery

0 g-CO2/km
(Automobiles)

Cable-connected charge Cable-less non-contact charge

Batch transportation      Effective on-site production pipeline transportation (limited region)

Aircraft

Ships

Trains

Super-light compact 
cars for regional use

Hydrogen drive, Superconducting motor drive
Ship enlargement, Low-speed operation

Energy saving by transport system cooperation

(Oil)

Hydrogen 
storage

Electric energy storage

Energy saving by 
vehicle weight reduction

(Engine)

Engine efficiency improvement

Liquid fuel

Hybrid drive

Hydrogen supply

Electricity supply

Transport 
systems

Energy saving by 
body weight reduction

20% reductionEnergy supplied from 
transformation sector* (overall)

70% reduction50% reduction

10-20% reduction
Aircraft, ships, and trains

30-50% reduction20-35% reduction

Energy demand
Share of electricity and/or hydrogen

CO2 intensity
0%

160 g-CO2/km (1 time)

30% reduction
1% or more

100 g-CO2/km (2/3 times)

60% reduction
40%

50 g-CO2/km (1/3 times)

80% reduction
100%

0 g-CO2/km

Automobiles

2100205020302000

Utility (person-km, ton-km) 1.5 times 2.1 times1 time

Consequentially, 
1/10 or less is 
achieved. 

Energy demand

Transport

*The percentage of reduction of energy per unit should be supplied from the transformation sector, compared with utility increases in proportion to GDP.

Transport

24

Image of share
according to vehicle type and secondary energy demand

Long distance vehicles
(heavy-duty truck etc.)

Intraregional running cars
(passenger cars and pickup trucks, etc.)
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25Energy reduction for production with few resources

Material saving of products 

Improvement of functionality of material and parts

High level of energy use at production process

Cogeneration & cascade use of heat

Co-production 
(simultaneous production of material and energy)

(Energy saving in process) Development of innovative production process
Use of bio/nano catalyst etc

(Fossil resource use) Biomass/hydrogen use
Regeneration of material/energy

Design technique for easy separation & 
sorting
Durability improvement

Efficiency improvement of material regeneration process

Regeneration and utilization 
of material/energy in products

Regeneration &
utilization of 

material/energy
beyond sectors

Integration and cooperation of material and energy

Zero-emission process

Cross-boundary measures beyond sectors

(Production) X (Value of product)

Energy supplied from 
transformation sector*

1) Production energy intensity

2) Material/energy regeneration 
ratio

3) Improvement of functionality 
such high-strength etc.
(functionality /  amount of 
material)

2030 2050 21002000
1 time

1 time

25% reduction

20% reduction

50%

2 times

1.5 times

40% reduction

30% reduction

60%

3 times

2.1 times

70% reduction

50% reduction

80%

4 times

*The percentage of reduction of energy per utility (production x value of product) should be supplied from 
transformation sector, compared with the case where  total energy demand increases in proportion to GDP.

Industry

Industry
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Introduction of non-fossil energy

Renewable energy use

Energy storage

Installation simplification

Efficiency improvement

Geothermal

Solar Technology that can be set up in all places such as roads and dams

Nuclear energy use

Efficiency improvement

Load following operation

Nuclear fuel cycle

Reduction in fossil use

Efficiency improvement 
of fossil fuel use

Fuel switching and efficiency improvement

(oil)

(coal)

Natural gas

Coal (clean coal technology + CO2 capture and sequestration (CCS))

Biomass Wood and biomass
(waste and unused biomass) Fuel crops production

Wind power Onshore Offshore

CO2 Intensity 270 g-CO2/kWh
(2/3 times)

120 g-CO2/kWh
(1/3 times)

0 t-CO2/kWh

370 g-CO2/kWh
(1 time)

2100205020302000

Total energy demand on the demand side
(maximum case) 1.5 times 2.1 times1 time

Share of electricity and/or hydrogen
in final energy

2 times (Case A and C)
3 times (Case B)

4 times (Case A and B)
3 times (Case C)

1 time

Transformation

0 g-CO2/kWh
110 g-CO2/kWh (1/3 times)

In the case of fossil fuel use with 
CCS

Transformation
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Energy saving

Energy creation

Energy management

Use of ubiquitous energy

Efficiency improvement of equipment

Lighting with less heat loss Equipment with less heat loss

Improving electric power conversion efficiency

Food storage at room temperature

Electric power conversion with least loss

Energy saving enables equipment using little energy

Energy creation from ubiquitous energy(minute pressure, temperature difference, vibration, radiowaves, etc.)

Photovoltaic generation

Efficiency improvement and increase of durability

Installation facilitation
Installation in curved surfaces

Installation in windows
Installation in all places such as PV paint

Demand management Management of demand and energy creation Energy accommodation in community

(Energy supply in community) Supply and demand management in community

TEMS

Self-sustainable housing and building

Self-sustainable community

0 t-CO2/household

0 kg-CO2/m
2

Self-sustaining

Energy supplied from
transformation sector*

45%
reduction

35%
80%

reduction
80%

60%
reduction

55%

Efficient heating Efficient heat transfer, preheating by unused energy

Active control of  sun shading and thermal insulation

Supply and storage management in community

CO2 intensity 3.5 t-CO2/household (1 time)
118 kg-CO2/m

2 (1 time)
1.9 t-CO2/household (1/2 times)

77 kg-CO2/m
2 (2/3 times)

1.1 t-CO2/household (1/3 times)
40 kg-CO2/m

2 (1/3 times)
0 t-CO2/household

0 kg-CO2/m
2

Total energy demand 1.5 times 2.1 times1 time

2100205020302000

*The percentage of reduction of energy per unit should be supplied from the transformation sector, compared with total energy demand increases in proportion to 
GDP.

Res/Com

Residential
Commercial

Residential
Commercial

Improving thermal performance 
of housing and building

Residential Commercial
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Thank you !

For detail :
http://www.iae.or.jp/2100.html
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Energy Technology 
Vision 2100

Appendix

Yasushi SETOGUCHI
MIZUHO Information and Research Institute Inc.
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Batch transportation of
by-product hydrogen On-site water electrolysis Pipeline transportation

Electricity storage
Lithium battery New lithium battery or other type batteries

Electric vehicle
(for short distance)

Weight reduction in batteries and vehicles, motor 
and electric power conversion efficiency 
improvement

FC hybrid vehicle

Hydrogen storage
Compression, liquefaction, and storage materials (inorganic, alloy, carbon, and organic)

Supplementary power supply with solar 
cells

FC efficiency improvement, lightening hydrogen and body, and 
motor and electric power conversion efficiency improvements

ICE hybrid vehicle

Weight reduction

Air-conditioning 
energy saving

Super-high-tension steel, high-tension aluminum, magnesium, titanium, compound material

Heat pump efficiency improvement, insulation, shading

Common
technology

Biomass fuel

Synthetic fuel

Electric 
supply

On-site fuel reforming

Cable-less automatic non-contact charging(Manual cable-connected charging)

Fuel efficiency 1.5 times 2 times

Fuel efficiency 3 times 4 times
5 times

Aircraft

Ships

Trains

Domestic: Weight reduction, electric drive, optimal arrangement of small
propellers, superconducting motor.

Ocean: Ship enlargement, optimization of navigation speed, superconducting 
motor

Hydrogen fuel cell ship

Efficient airframe, jet engine efficiency improvement

(non-electrification section) Diesel/battery hybrid train Hydrogen FC/battery hybrid train

Weight reduction, motor and electric power conversion efficiency improvement, aerial conductor/battery hybrid 
system

GTL CTL

Outline

Fuel efficiency  2times

Hydrogen 
supply

Automobil
e

Vehicle weight reduction, engine efficiency improvement, motor and 

electric power conversion efficiency improvement, system control

improvement

(Shift to FC hybrid vehicles )

Ethanol or ETBE, BDF BTL

The value of fuel efficiency is a ratio to that of current ICE vehicles.
(Including the effect of weight reduction)

Fuel efficiency 4 times 5 times
6 times

Supplementary power supply with solar cells
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Efficiency improvement of automobiles
- The amount of utility ( vehicle number running distance) supplied by automobiles increases in proportion to GDP. 

- The efficiency improvement in power trains and energy saving by weight reduction is necessary to improve energy intensity. 

- In order to decrease energy intensity and CO2 intensity drastically in the future, hydrogen fuel cell vehicles or electric vehicles that have high efficiency and don't emit CO2 should become 

mainstream.

Internal combustion engine (ICE) hybrid vehicles
- As for vehicles  mainly used for intraregional driving such as pickup trucks and passenger cars, the shift to a hybrid system will progress, and non-hybrid vehicles will not be used by about 

2050. 

- The use of ICE hybrid vehicles for long-distance vehicles such as heavy-duty trucks will not advance because the advantage of hybridization is small (shift directly from conventional ICE 

vehicles to FC vehicle). 

- Fuel efficiency improvement by weight reduction is expected for both conventional vehicles and hybrid vehicles. 

- All ICE vehicles will disappear by 2100.

- When the HCCI engine is put to practical use, three kinds of engines will be integrated into two kinds (or even one).

Vehicle weight reduction, engine efficiency improvement, motor and power conversion 
efficiency improvement, system control improvement

Fuel efficiency 1.5 
times

2 times

ICE hybrid vehicles

Conventional ICE vehicles

Gasoline engines

Batteries for hybrid 
systems

Nickel-MH Li-ion

Diesel engines

Conventional ICE vehicles

Passenger cars

Heavy-duty trucks

HCCI engines

Exhaust cleaning technology
Application expansion to passenger cars

I/O power density 1 kW/kg 2 kW/kg

Fuel efficiency 1.0 time 1.3 times

Vehicle weight reduction, engine efficiency improvement

1.1 times

(Shift to FC hybrid vehicles )

(Apply to FC hybrid vehicles)

Non-technical factors
- Measures for the improvement of fuel efficiency by the "Top Runner Standards" of "Energy Saving Labeling Program" etc.

- Taxation discount and subsidies to gas-sipper (fuel efficient cars)

Engines Efficiency improvement

(Shift to FC hybrid vehicles )

5 kW/kg

Vehicle weight reduction

Fuel efficiency 1.0 
time

Capacitor

The value of fuel efficiency is a ratio to that of current ICE vehicles (including the effect of weight 
reduction)

Measures of spreading state of the art equipment by "Energy Saving Labeling Program" etc.
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Fuels for internal combustion engine vehicles
- Fuels for ICE will shift from petroleum fuels to synthetic fuels by 2050.  During the shift process, mixed petroleum fuels and synthetic fuels are assumed. 

- Ethanol (or ETBE) and FAME have the possibility to be introduced in the early stage, but neither of them become a main component of the fuels due to their restricted 

supply.

- FT synthesis oil will be introduced as a blend component to diesel oil at first.  In order to use FT synthesis oil for gasoline engines, processing technology development 

for high octane number fuel is necessary.  The application will be later than that for the diesel engine.  Also, synthetic gasoline by way of methanol produced from 

natural gas or coal may be used. 

- The specifications of the fuel for HCCI engines are uncertain at the present time.  There is the possibility that the fuels will be integrated into two kinds (or even one) in 

association with the integration of engines. 

- Additionally, the use of DME, CNG, and LPG contributes to oil substitution and CO2 emissions reduction. 

Non-technical factors
- Taxation discounts on new fuel

- Revision of fuel standards and adjustment with exhaust emissions regulations

Ethanol or ETBE

For gasoline engines

Fatty acid methyl 
ester (FAME)

For diesel engines

New fuel for HCCI 
engines

For HCCI engines

Natural gas (GTL) Biomass (BTL)Coal (CTL)

(mixed with diesel oil)

(mixture use with 
gasoline)

Natural gas (GTL) Biomass (BTL)Coal (CTL)

Hybrid processing technology with renewable 

energy

High octane number 
component processing 
technology

Hybrid processing technology with renewable 
energy

Synthetic gasoline
(by way of methanol)

Synthetic diesel oil
(FT synthesis)

Efficient processing technology

Synthetic gasoline
(by way of FT synthesis)

Efficient processing technology
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Fuel cell hybrid vehicles
- Fuel efficiency is a ratio of the mileage for each consumption of the unit hydrogen which is converted to that of gasoline (or diesel oil).  The weight and volume of the 

hydrogen tanks are critical to secure a driving range of 500 km.

- The most important challenge is performance improvement of on-board hydrogen storage technology.  The efficient improvement of fuel cells and vehicle weight 

reduction also contribute to the decrease of the weight and volume of the hydrogen tanks.  High performance is requested for hydrogen storage technology to be applied 

to heavy-duty trucks.

- The hydrogen supply will start with the use of by-product hydrogen and on-site reforming of hydrocarbons, and then on-site water electrolysis becomes mainstream with 

an increase in fossil fuels prices.  It is assumed that concentrated production with pipeline transportation may be done in regions where enough demand density is 

realized through the increasing consumption of hydrogen. 

Passenger cars

Heavy-duty 
trucks

uel efficiency (compared with current gasoline cars)
Hydrogen tank weight
Hydrogen tank volume

FC efficiency improvement, weight reduction of hydrogen tanks and 
vehicles, motor and electric power conversion efficiency 
improvements

4 times
30 kg
40 L 

5 times
20 kg
30 L 

3.5 times
50 kg
50 L 

uel efficiency (compared with current diesel trucks)
Hydrogen tank weight
Hydrogen tank volume

1.5 times
500 kg
700 L 

2 times
350 kg
500 L

Motor

Fuel cells

Permanent magnet synchronous motor

Efficiency    50%
Output density 1 kW/L

55%
Several kW/L

Durability improvement, resistance decrease, platinum substitution catalyst, operating temperature range 
expansion

Electric power conversion

(Induction motor)

Common technologies

60%

Efficiency 90% 95%

Vehicle weight reduction
Vehicle weight 30% reduction 50% reduction

Air-conditioning energy saving
Air-conditioning energy 30% reduction 50% reduction

Super-high-tensile steel, high tension aluminum, magnesium, titanium, and compound 
material

Heat pump efficiency improvement, insulation, shading

Solar cell roof
Cell efficiency 30%

Efficiency 95%
Power density 1 W/cm3

99%
10 W/cm3 100 W/cm3 150 W/cm3

Superconducting motor (large-sized vehicles)

SiC GaN and AlN, etc. CNT transistor45nm process

3 times
170 kg
300 L 

1.2 times
4.2 t

5,000 L 

In-wheel motor

The value of fuel efficiency is a ratio to that of current ICE vehicles (including effect of weight
reduction)

Supplementary power supply with solar 
cells

Supplementary power supply with solar 
cells
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Hydrogen storage 
technology

Non-technical factors
- Hydrogen supply networks developed by governmental investments, a strong  initiative to introduce FCV into public vehicles, and FCV special zones

- Incentives to convert to FCV and a hydrogen society (favorable tax changes, higher priority on parking lots, and deregulation for driving into restricted places, 

etc.)

- Establishment of standards for FCV, fuel and hydrogen fueling equipments, and technological standards (both national and international)

- Promotion of maintenance industries and recycling systems for parts and materials of  FCV.

Ratio of hydrogen stations 60% 100%

Forecourt production and supply

Hydrogen stations

Centralized production and 
supply

By-product hydrogen delivered by truck

Hydrocarbon fuel 

reforming

Water electrolysis

Delivery by pipeline

Hydrogen production 
and supply technologies

50%
1-10 t/day

60%
10 t/day

70%
Liquefaction 

technology

Magnetic and gasified hybrid freezing

% Carnot     30%
Capacity  1 t/day

Magnetic refrigeration

Organic systems
7 wt%

Hydrogen supply technology

Thermal insulated 
tanks

(on board)

Storage materials

8 wt%

Liquefied hydrogen

Inorganic 
systems

(Mg Li N)
Compression/alloy 

systems
Low 

temperature/carbon

2 wt%

40 g/L, 6 wt%

Lowering operating temperature, catalyst 
development, hydrogenation reactor optimization

0.5 %/day
14 days

<0.1 %/day
30 days

9 wt% 12 wt% 15 wt%

High-pressure containers Innovative heat insulator and tank 
material

Storage 
density

Refueling time

9 wt%, 80g/L
2 minutes

12 wt%, 95 g/L 15 wt%, 110 g/L

The storage density represents system storage density

3 wt%, 17g/L
5 minutes

5%

BOG
Storage without release

5 - 7 %/day
0.5 - 1 day
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Electric vehicle
- Fuel efficiency is a ratio of the mileage for each amount of the unit charged electric power which is converted gasoline (diesel oil) equivalent.  The weight of electricity 

storage devices is critical to secure a driving range of 200 km.

- The energy density improvement and life extension of electricity storage devices are the most important challenges.  Fuel efficiency improvement by body weight 

reduction also contributes to the weight decrease of the electricity storage devices.  Small and light vehicles are easily converted to electric vehicles. 

- The practical technologies with a moderate performance have been established for motors and electric power converters.  After the prospect of electricity storage 

technology is established, the development of vehicles, new technologies for charging equipment, and extra power units, are started.

- For distance requirement of 200km or more, a satisfactory result may be achieved by the addition of a small extra power unit (several kW) only when necessary.

- There is a possibility that plug-in hybrid vehicles, which are both fueled and charged (refer to appendix 3), are put to practical use before pure 100% electric vehicles. 

Passenger cars (for short 
distance)

Weight reduction of battery and vehicle, 
motor and electric power conversion efficiency 
improvement

5 times
100 kg

6 times
70 kg

Pickup trucks

4 times
300 kg

4.5 times
220 kg

3.5 times
600 kg

Motor
(Induction motor)

Efficiency 90% 95%

Common technology Permanent magnet 
synchronous motor

Efficiency  95%
Power density 1 W/cm3

99%
10 W/cm3 100 W/cm3 150 W/cm3

SiC                GaN and AlN, 
etc.

CNT transistor45 nm process

The value of fuel efficiency is a ratio to that of current ICE vehicles (Including the effect of weight
reduction)

Vehicle weight 
reduction Vehicle weight  30% reduction 50% reduction

Air-conditioning energy saving
Air-conditioning energy  30% reduction 50% reduction

Super-high-tensile steel, high tension aluminum, magnesium, titanium, and compound 
material

Heat pump efficiency improvement, Insulation, Shading

Electric power 
conversion

In-wheel motor

uel efficiency (compared with current diesel trucks)
Electricity storage device weight

4 times
200 kg 

uel efficiency (compared with current diesel trucks)
Electricity storage device weight

Supplementary power supply with solar 
cells

Supplementary power supply with solar 
cells

Weight reduction of battery and vehicle, 
motor and electric power conversion efficiency 
improvement

36

Non-technical factors
- Charging facility network development by government investment, a strong  initiative to introduce electric vehicles in the public sector, electric vehicle special 

zones

- Incentives to convert to electric vehicle (favorable tax changes, higher priority in parking lots, and deregulation for driving into restricted places, etc.) 

- Establishment of standards for electric vehicles and charging systems, and technological standards (both national and international)

- Promotion of maintenance industries and a recycling system for parts and materials of  FCV.

Garage (private 
use)

Parking lot (public 
use)

Electric supply

Extra power unit 
for long-distance 

driving

Hydrogen fuel 

cell

Cable-less non-contact automatic charging(Manual cable connection type)

Solar cell roof

Electricity storage 
technology

Lithium battery
New lithium battery or 

other type batteries

200 Wh/kg
10 years

250 Wh/kg 300 Wh/kgEnergy density 150 Wh/kg
Longevity    5 years

Cell efficiency 30%

Cable-less non-contact automatic charging
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Vehicle weight reduction
- Vehicle weight reduction will progress with the use of light-weight (high-strength) materials and the shift to smaller passenger cars. 

Non-technical factors
- Incentives and user consideration in the shift to smaller passenger cars

Vehicle weight reduction

Vehicle weight 20% reduction 30% reduction 50% reduction

Light weight materials
- Various materials will be used in proper places as they are currently being used. 

Super-high-tensile steel

High tension aluminum

Magnesium

Titanium

Strength 100 kgf/m2

Cost reduction, joint technology for different materials, recycling technology, safety design 
technology, transformation destruction behavior clarification, and simulation technology

Common characteristics

300 kgf/m2 500 kgf/m2 700 kgf/m2

50 - 60 kgf/m2 150 kgf/m2 200 kgf/m2 250 kgf/m2

50 kgf/m2 150 kgf/m2 200 kgf/m2 250 kgf/m2

Compound 
materials (CFRP 

etc.)

High-speed molding technology
Application expansion to panel material to application Structural material

150 kgf/m2 250 kgf/m2 270 kgf/m2 300 kgf/m2

120 kgf/m2 300 kgf/m2 400 kgf/m2 500 kgf/m2

The shift to smaller 
passenger cars
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Fast Charge ?
A conventional gasoline vehicle consume 295Mcal (10km/Litter).

Gasoline

Heating Value 7,820kcal/L

Energy reauired for 500km driving Mcal - - - - 391

Fule economy factor 3 5 4 6 1

Mcal 130 78 98 65 391

Nm3 51 30 - - -

kWh - - 114 76 -

Litter - - - - 50

Replenishment time Min 5 2 5 2 2

Flow rate L/sec 168 253 - - 0.42

Charging power
(Energy flow rate)

kW 1,819 2,718 1,705 2,842 13,640

Energy required for 500km drivingwith
consideration of fuel economy factor

2,580kcal/Nm3 860kcal/kWh

Hydrogen Electricity
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Comparison of energy storage densities of hydrogen, electric power, 
and liquid fuel

(Notes)

1) Lower heating value (LHV). 

2) The values of storage density of hydrogen and electricity are 

referred to in the current performance and maximum values 

described in the road map. 

3) The storage density of gasoline is a presumption value. 

4) The volume based storage density of electricity is calculated with a 

specific gravity of batteries of 1.6. 

5) Total weight of tank and fuel

6) The value of vehicle fuel efficiency factor is a ratio of the mileage 

for each LHV of stored energy compared to gasoline vehicles (Fuel 

cell vehicles are assumed for hydrogen and electric vehicles are

assumed for electricity).

< Comments >

(1) Weight base comparison

The hydrogen storage density of 3 wt% is equivalent to energy 

storage density of 867 kcal/kg-tank, which is about 1/10 of that of 

gasoline, while it will be improved to about 1/2 with the hydrogen 

storage performance of 15 wt%.  Taking good fuel economy of 

hydrogen fuel cell vehicles into consideration, 3 wt% for hydrogen 

storage corresponds to about 30% of energy storage performance of 

gasoline tanks.  With the fuel efficiency factor of 2 times (assumed 

value for heavy-duty trucks), the hydrogen storage density of 15wt% 

is almost equivalent to gasoline tanks.

The technology specifications for the fuel economy factor of 

hydrogen aircraft, hydrogen fuel cell ships, and hydrogen fuel cell 

trains at 2100 in this road map are about 2 times, 1.7 times, and 2 

times, respectively. (They are compared to the current fossil and 

engine technologies.)  The energy storing density of batteries is 

smaller than that of hydrogen by one order of magnitude.  Even if it 

is improved to 300Wh/kg, and the fuel efficiency of electric vehicles 

increased by a factor of 6, it would reach only 17% of gasoline.

(2) Volume base comparison

In the volume base comparison, the values for hydrogen are lower

than those in the weight based comparison, while a little higher for 

electricity.  The relative relation among gasoline, hydrogen, and 

electricity doesn't change.

(1) Weight base comparison

(2) Volume base comparison
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Making Sweden an

OIL FREE

Society

The Association of Swedish 
Energy Advisers

• Non-profit and non-governmental 
organisation

• Founded in 1982
• Purpose: information and promotion on 

energy efficiency and renewables
• 500 personal members
• 20 companies
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E.S.S.

Energi Spar System HB

Retermia
Värmeåtervinning

Energy
Efficiency

Watch!
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Commission on Oil Independence

Chairman:
Prime minister Göran Persson

Delegates:
Professor Christian Azar, Chalmers University of Technology
Lars Andersson, government investigator on bioenergy
Lotta Bångens, Chairman of

Birgitta Johansson Hedberg, Lantmännen
Leif Johansson, Volvo

Göran Johnsson, former chairman of the Swedish Metalworkers Union
Christer Segersteen, Chairman of the Federation of Swedish Forest
Lisa Sennerby Forsse, Secretary General, Swedish Research Council for

Spatial Planning

Staff:
Stefan Edman, biologist, writer

Anders Nylander, architect, expert on energy

The commission was requested
to …..

best strategies for reducing
dependence on oil and actual use of oil in

Sweden by the
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Five national objectives for 
reduced oil dependence

1. We will reduce Sweden’s climate impact

2. We will secure Sweden’s supply of energy in the long
term

3. We can become a leading nation in the development of 
new technology for sustainable use of energy

4. We will strengthen our international economic
competitiveness

5. We will use and develop the energy resources from 
forests and fields, “Sweden’s green gold”

Goals
a 20

2020

2020

40 50 2020

25 40
2020
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3 TWh1 %Production of Electricity

3 TWh6 %Service sector

4 TWh8 %Production of District heating

18 TWh11 %Industry

10 TWh11 %Residential and commercial buildings

2 TWh67 %Building sector

7 TWh70 %Agriculture, forestry, fisheries

95 TWh97 %Transport

Oil useSector

Use of Oil , 2004, by sector

TOTAL 142 TWh

Bio energy
potential 

(increase)

12046TWh

20502020År
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Sustainable Energy System?

Supply Use

Sustainable
Balance

Supply Use

Supply Use

100% 
Sustain-

able
Energy
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The Five Strategies:

• Radically more effective use of energy
by the whole of society

• Historic investment in forest fuels and 
energy crops

• Electricity for a sustainable supply of 
energy

• The role of energy gases
• Control instruments at EU level

Effective use of Energy

– ”Energy Efficiency Center”
– Swedish society as a whole

should improve energy efficiency
by 20 per cent by 2020
This implies an average annual 1.5 per cent
increase in energy efficiency
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Energy Efficiency is invisible!

• … but shows in your wallet …..

15
20

30 70
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Increased production of 

electricity by 

25 TWh

Residential and Commercial
Buildings

• New Buildings
– 75 % low energy houses by 2020
– Tightened building regulations
– Energy-related deductions on real estate

tax

• Reconstruction
– Requirements for improvement of energy

efficiency
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Residential and
commercial buildings

• Electricity for heating
• Voluntary agreement for building owners

– Reduction in taxes when implementing measures 
(directive on energy performance of buildings)

• Public sector as shining examples
– Procurement & purchasing
– Measures (from the directive on energy performance of 

buildings) mandatory

Historic investment in forest
fuels and energy crops

• Forest growth be increased in the long term by 15-20 
per cent

• Energy crops and energy broad-leaf trees to be 
cultivated on arable land and disused, nonafforested
farmland on a scale of 300 000 – 500 000 hectares

• The Government invest funds to stimulate
procurement of technology as well as production
facilities for the manufacture of fuels
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Electricity for a sustainable
supply of energy

• Energy efficiency in industry
• Increased production of domestic renewable

electricity
– Wind power
– CHP

• Reduced consumption of electricity for heating
buildings

Energy gases

• The Commission proposes that the 
Government does not actively commit
itself to increased use of natural gas in 
Sweden in the future

• The Government should support local
and regional infrastructures for bio gas
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Control instruments at EU level

• The Commission proposes that Sweden 
contributes to a gradual tightening of the EU 
emission trading system.

• Objective - total emissions in the trading
sector will be 25 per cent lower in 2020 
compared with 1990

Transport
• Encourage a more energy efficient fleet of private cars!
• More efficient legislation

– CO2-based tax
– taxation of company cars shoul promote effeicient cars
– Energy- and CO2-tas on fuel

• A higher proportion of modern diesel vehicles
• More hybrid vehicles
• Fuel efficiency should be included as an essential requirement in 

connection with environmental classification of cars
• Improve the efficiency of goods traffic
• Make public transport cheaper and more attractive!
• Strengthen the role of the train!
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What happens
now?

Tack så mycket!
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The Enhancing Energy Security and Mitigating Fossil 
Risk: The Role of Renewables

Shimon Awerbuch, Ph.D.
Energy Economics and Finance 

www.awerbuch.com

SPRU Energy Group University of Sussex
Brighton, UK

- ENERGIE 2050 -

Bundesministerium für Verkehr, Innovation und Technologie (BMVIT) 
Bundesministerium für Wirtschaft und Arbeit (BMWA)

IEA

Vienna: 29-30 Nov 2006

Dr. Shimon AwerbuchDr. Shimon Awerbuch©©
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2

Renewables Provide Renewables Provide andand
Economic BenefitsEconomic Benefits

•Micro: Renewables reduce generating cost by 
mitigating financial risk

e.g.: Risk of future fossil volatility
Individual investors can hedge, but not society

•Macro Benefits- Energy Security:           
Oil/Gas volatility hurts GDP growth

Cannot be effectively hedged
– Renewables can reduce this risk
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Macroeconomic Consequences of Fossil Macroeconomic Consequences of Fossil 
Price Risk:  A major costPrice Risk:  A major cost

Fossil volatility hurts employment & GDP 
growth in oil consuming & producing nations

Macroeconomic cost of 2000-04 oil spikes in 

Exceeds total estimated renewables investment 
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Market Risk Affects KWH Cost EstimatesMarket Risk Affects KWH Cost Estimates

Risk affects value and economic 
expectations

Engineering kWh cost estimates ignore risk 
– Have no economic interpretation
– Should carry no weight in policy making
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How to Estimate Meaningful RiskHow to Estimate Meaningful Risk--AdjustedAdjusted
kWh Generating Costs for Gas and Wind kWh Generating Costs for Gas and Wind 

Invite a large number of investors to submit 
firm 20-year price bids

– Binding- no adjustments, no re-openers, no discharge 
in bankruptcy

Assuming no collusion, these bids will represent 
a reasonably unbiased estimate of true kWh 
generating cost for each technology 
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Such an Experiment Would be Extremely Such an Experiment Would be Extremely 
ValuableValuable

• Meaningful KWH cost estimates must mimic bids 
investors would submit when facing future cost risk

• Differs from engineering KWH cost estimates

-- Produce “rule-of-thumb” valuations that ignore risk 
differentials (and taxes)

• Fossil prices vary systematically

risk

- Costs of passive/capital-intensive renewables are 
systematically riskless

- Mimic Financial properties of US Treasury obligations
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Engineering Versus Finance (CAPM) Based Engineering Versus Finance (CAPM) Based 
Generating Cost Estimates Generating Cost Estimates -- 20052005

UK-DTI (a) IEA (b) Royal Academy
of Engineering

CAPM 
Based
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Gas Combined-Cycle Wind

(a) Adjusted for inflation 
Source: S. Awerbuch, 
Renewable Energy World, 2006
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Policymakers:  Take a Cue From Policymakers:  Take a Cue From 
Financial InvestorsFinancial Investors

Are used to dealing with risk

Hold efficient, diversified, balanced 
portfolios

– Even if true, picture could change dramatically
– RE reduces portfolio cost-risk– even if it costs more 

RE question not if how much

– Relative cost dictates make-up of optimized mix
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Risk: Expected Year-to-Year Price Volatility

E
x
p

e
c
te

d
 G

e
n

e
ra

ti
n

g
 C

o
s
t

Fossil
Portfolio

RISK AND COST OF GENERATING PORTFOLIOS 

1

Renewables Help the Generating Mix Renewables Help the Generating Mix 
They Affect Portfolio Cost They Affect Portfolio Cost andand RiskRisk

2

Fossil
+ RET

Portfolio

3Fossil + RET
Remixed to
Initial Risk

Fossil
Portfolio

Dr. Shimon AwerbuchDr. Shimon Awerbuch©©
D Shi A b h

10

EC fossil prices  EC Fossil cost + Carbon = 0 (Baseline)
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(New PV = 

(New Hydro-
Large = 31%

5_baseline_noC_Oct_05

2020 EU Technology Cost2020 EU Technology Cost--RiskRisk
(includes wind system integration charge)(includes wind system integration charge)

Cost estimates from TECHPOL database, courtesy Philippe Menanteau, 
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Projected BAU and Optimized Mixes: 
(Baseline + C=40 

Geo

Coal

Gas-CC Turbine

Nuclear

Hydro-Large

Hydro-Small

Wind
New Coal

New Nuclear

New Hydro-Small

New Wind-Offshore

New Biomass

EU 2020
BAU Mix

Mix P

Mix N

Mix S
Mix Q

Risk: Year-to-Year Standard Deviation
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New 

ResultsResults

EU-2020 
BAU Mix P Mix N Mix S Mix Q

RISK

/KWh

CO2: Mil Tons/Year

Coal

Gas-CC Old

Gas-CC New

Oil

Nuclear

Hydro

Biomass

PV

Geo

Wind-onshore

Wind-Offshore

Generating Shares

- Optimized Mixes Reduce Cost-risk and CO2                      
- Enhance security
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--

 EF_Combined-older_ppt.xls Carbon = 40 
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Accelerated wind deployment costs little                        

EU-2020 
BAU Mix P Mix N Mix S Mix Q

RISK

/KWh       
CO2: Mil Tons/Year      

Generating Shares
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WETO 2050

Mix S Mix Q

WETO - 2050 
Reference Mix

Mix N

Risk: Downside Year-to-Year Cost Volatility
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EUEU--2050 Reference and Optimized Mixes2050 Reference and Optimized Mixes

EU-2050 
Reference Mix

Mix N Mix S

2050 Portfolio Details
WETO-

REF

Nuclear -17% +15%
Coal +20% +2%
Gas -19% -20%

Hydro +20% -12%
Wind-Onshore +20% +20%
Wind-Offshore +20% +20%

Biomass + H2 + Other RE +20% +9%
Total

347

8778

TWh Generation

1848
732

633

475

2634
1857

Ref-
Mix
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After: Stirling, 2003

IgnoranceUncertainty
No Basis for 
Probabilities

Knowledge About Likelihoods & Outcomes 
and the Resulting Type and Degree of Incertitude

KNOWLEDGE 
ABOUT 

LIKELIHOODS

Some Basis for 
Probabilities 

Risk Ambiguity

DEGREE/TYPE OF INCERTITUDE

KNOWLEDGE ABOUT OUTCOMES

Well-Defined 
Outcomes

Poorly-Defined 
Outcomes

MeanMean--Variance Risk vs. Variance Risk vs. UncertaintyUncertainty && IgnoranceIgnorance

•Mean-variance portfolio optimization manages Risk

•Portfolio Diversity Hedges Uncertainty & Surprise
- Diversity = Euclidean distance of disparity attributes

Based on: Andy Stirling, 2003 



Seite 158

Dr. Shimon AwerbuchDr. Shimon Awerbuch©©
D Shi A b h

15

Risk-Return and Diversity for 3-Technology US Generating Mix

14%

16%

18%

20%

22%

24%

26%

28%

30%

32%

0% 2% 4% 6% 8% 10% 12% 14%

Risk: Portfolio Standard Deviation

P
o

rt
fo

li
o

 R
e
tu

rn
: 

k
W

h
/c

e
n

t

100% 
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Mix N:
45% Gas
37% Coal
18% Wind

100% 
Gas

Mix S:
66% Gas
34% Coal
0% Wind

Mix R:
Max Diversity

31% Gas
25% Coal
44% Wind

US-2002 Mix
15% Gas
85% Coal
0% Wind

Diversity Vs. MeanDiversity Vs. Mean--VarianceVariance
andand

for Illustrative US Generating Mixfor Illustrative US Generating Mix

Source: S. Awerbuch, Mitigation and 
Adaptation Strategies for Climate Change, 2006
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Energy Security: A Powerful Joint Energy Security: A Powerful Joint 
Benefit of Optimized Generating MixesBenefit of Optimized Generating Mixes

Energy security concerns focus on 
catastrophic supply interruptions

Exposure to fossil volatility: more powerful 
market-based security concept

Optimized generating mixes:
- Minimize generating cost
- Minimize exposure to Oil/Gas-GDP induced  macro-

economic losses

Energy Security costs less

- Like quality in manufacturing
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Where markets do not functionWhere markets do not function

Renewables Investors cannot capture risk-
mitigation benefits they provide for generating 
portfolio
– Leads to under-investment in RE relative to optimal societal

levels

Gas investors in many countries have sufficient 
market power to externalize fuel risk to consumers
– Creates over-investment in gas relative to optimal societal 

levels

These imperfections arguably create economic 
basis for publicly supporting renewables
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Why Integrate Renewables into Why Integrate Renewables into 
European Power Networks? European Power Networks? 

Promote EU energy security / diversity
– Mitigate Oil-GDP Losses
– Provide Counter-cyclical Benefits

• “National insurance” (R.C. Lind-J.K.Arrow, 1984)

Create Sizeable Portfolio Benefits
– Reduce overall generating cost and risk

Reduce Market Power
– Help open markets & unlock promised benefits of 

liberalization
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Heinz Peter Wallner, Kurt Schauer

Entwicklung von Zukunftsbildern 
Forschung und Entwicklung

Am zweiten Tag der ENERGIE 2050 Konferenz - 
Technologien für die Zukunft 

einbringen. 

Es ist die unglaubliche Vielfalt der  Perspektiven 
der Menschen, die mich fasziniert hat. Mein Bild zum Thema hat sich in den intensiven 
Diskussionen sehr gewandelt. Ich fühle mich bereichert und sehr motiviert! Schade, dass es nicht 
öfter Gelegenheiten gibt, in einer so dichten Atmosphäre gemeinsam zu arbeiten

The World Cafe is more than just a methodology bringing people together and to harness the 
collective knowing on a topic. It is also the means by which we can edge our way through the 
doorway into a brighter future. ).
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