Will fusion be welcome in the
world of the mid 21st century ?

|

Or will It be an Edsel ?

Ed Frieman
APS Division of Plasma Physics
Nov 14, 2002



Why examine now ?

US actively exploring rejoining ITER
Euratom, US & Japan post - ITER draft development plans
under discussion

Net electricity in 35 years, + 15 to full scale production, build on
ITER; regional imperatives differ

Sharp competitive assessments will likely follow tabled plans

The transition to a sustainable world is emerging as the
dominant vision of the future

May likely be the umbrella for examining fusion’s future role

Seek conditions for positive positioning of fusion in the global
context of the mid-century



Some tools to probe these issues

= Studies of critical global trends

= Scenarios of future world trajectories
think - draft world plans

= Technical analyses of fusion vis-a-vis other technologies on a
broad range of issues

= Analysis of tradeoff possibilities between energy, environment,
economics and equity

= New partnerships and alliances

= Address specific criticisms

= Seek fusion applications with redeeming social value
= Provide feedback to development plans

= Maintain small agile cadre to follow zigs and zags



What is sustainability anyhow ?

= Integrates and balances economic, social and environmental
issues in decision making

m to improve peoples lives, conserve our natural resources,
and protect our environment in a world growing in
population, with ever-increasing demands for food, water,
shelter, energy, health services, sanitation and economic
security

= Rio Summit ‘92 provided conceptual framework, Agenda 21
= Followed by a decade of studies, analyses, hopes and rhetoric

= Johannesburg ‘02 attempted to set actions in place



Sustainability today

Have learned that it is a dynamic concept

New issues
- focus on richness of cultural diversity
- acceptance of globalization for developing world
- events of Sept 11 reinforced need for development with
harmony

All global environmental considerations, including climate
change, lie within the Sustainable Development Intergovern-
mental structure

Business, especially multi-nationals, becoming heavily
involved - WBCSD

Business - NGO alliances beginning

Sustainability now widely accepted as a guiding principle for
public policy



Critical trends
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HEALTH AND AIR POLLUTION.........
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World Population Projections
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Population (millions)

Rural-Urban trends,1950-2030
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Urban-Rural trends by region in
developing world
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Distribution by city size

Living In An Urban World

URBAN POPULATION (MILLIONS)

World Urban Population by City Size, 1975 -2015
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Where are they all ?

Source LOICZ



Observations

Largest population growth expected in Asia

Growth largest in cities with less than 500,000 population, not in
“mega cities”

75% of world will live near coasts

On these time scales, a major driver for the implementation of
fusion is the developing world

As population continues to cluster in coastal regions, off-peak
power use for desalination may be an attractive option

Developed world power markets not driven by population
growth - urgency for fusion driven by other imperatives

The developed world drivers are relatively well-understood, so
focus here on developing world



Critical trends
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Energy Resources

=  World non-renewable resources -150,000 quads
= World Consumption- 380 quads in 2001
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Energy consumption and sustainability

Three Scenarios af Global Energy Consumption Projected to 2050
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The energy-poverty nexus

1.6 billion people have no access to electricity = 1.4 in 2030
2.4 billion rely on biomass = 2.6 in 2030

Electricity lack, biomass use are hallmarks of poverty
precluding industrial activities, jobs, amenities

UN suggested actions
V access to energy services
Vv energy efficiency
vV renewables
v advanced fossil technologies
vV energy and transport

Almost all scenarios assume essentially little future for fission

Estimate $ 500 billion / yr for 30 years to reach electricity
sustainability

World-wide energy subsidies now run $600 billion / yr
Return to biomass issue later



Observations

Current electricity use
per capita in kwh
North America 11,330

- = Question: will cities of 100,000 at 1/3
OECD I OECD level be ‘overpowered’ by
East Asla 604 plants at 1-1.5 GW ?

= If so, can make H, H,0O , heat, put on

SOliAs - grid if city density warrants

Sub-Sanaran Afica | 439 = Suggests investigating feasibility

Widdle East 1168 of acceptable fusion plants
smaller than 1 GW

Ghina Gavy

= Adds emphasis to importance of
Transltion economles | 2,788 research program in parallel with
ITER to search for optimal reactor

|east developed
countriesg B3




Global energy observations

World is not running out of energy, but it is running out of environment
Current world trajectory is not sustainable

The critical problem is steering a path to sustainability while supplying
the developing world’s needs

The potential role of fusion in alleviating poverty is a powerful social
good which needs to be explored

All scenarios indicate that energy sustainability is attainable only by a
mix of policies, plans, technologies, and funding

Fusion has been absent from these considerations except for some
negative comments and an occasional pat on the back

Need to explore ways to get it on the energy agenda
Suggest be part of discussion in post-ITER planning



Critical trends
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Climate

Climate for climate change is changing

Droughts, flooding, storms, monsoons, glacial retreat and many
other phenomena present evidence of change now

Developing nations vulnerability is shifting their attention to
adaptation

While they dominate emissions later in the decade, don’t want to
limit growth now

Some Kyoto support waning as its shortcomings in timing and
magnitude become understood, but general agreement will be
signed within the year

More complex mix of mitigation and adaptation options may follow

Current arguments for presenting fusion as a zero CO, emitter may
want to be augmented by viewing in a mitigation/adaptation context



An emerging global environmental issue

= Dense cloud of pollution from
fossil, biomass over South Asia

= reduces sunlight by 10-15%,

= Bangladesh, Nepal, Northeast
India flooding

= Drought in Pakistan, Northwest
India

= 100,000’s of deaths reported
= transporting across world
= drives climate & air pollution

= fossil sequestration now must
capture particulates as well as
CO,

= Fusion immune to both




Critical observations on fusion

World Energy Assessment - UNDP

- argument weak for extensive RD&D investment in large,
sophisticated, ‘lumpy’ inflexible technologies such as
fusion power.....”

WEA argument based on premise and promise of distributed
generation, learning curves for lowering costs, local control,
microturbines, solar etc

Population projections however, show that ‘lumpiness’ is good
for you

Distributed systems are not ‘lumpy’ enough



more observations

=  Amory Lovins on fusion

= “ Badidea...not cheaper than uneconomic fission .. waste/
proliferation concerns...yet another costly complex centralized way
to make electricity.. Already have a safe, free one appropriately cited
150 million km away ”

= Cost, waste, proliferation issues have previously been addressed by DOE
and the community in detailed studies

= Fusion not found wanting in these dimensions, but proliferation
resistance might be revisited for reassurance in view of terrorism concerns

= ‘Complex’ may likely be true, but not necessarily a killer issue

= Centralized is just another way of saying ‘lumpy’



Yet even more observations

Recent negative report by Hirsch circulating on Hill comparing
fossil, fusion, photovoltaics

Three scenarios: restrict air pollution, global warming
constraints, high prices due to scarcity.

Argues against fusion on cost, rad-waste issues, regulatory
burden, complexity, need for p, B ??

Important issues already dealt with

European Greens - lump fusion and fission in same basket on
rad-waste issue

New Scientist report of secret UK effort to kill fusion unfounded

Williams - if fusion..brought to commercial readiness in 50
years..market prospects.. stiffer competition than fission now

Based on competition with renewables & advanced fossil

Fusion survives these criticisms but more competitive analyses
needed



Energy Security:
A Key Requirement for Sustainable
Development

Perspective and Action Plan

for Sustaile Development
¥ EAJUNEPESKOm *Robert Card
Under Secretary
*US Department of
Energy

August 30, 2002



USENERGYATIONPLAN
Develop Long Term Options for Secure
Sustainahle Energy

Hydrogen
— Clean trensportation fuel of the
future

~ Produced from emusmons-fee
nuclear, renewables, or cungsions-
trapped fossi
« Fusion

— The US 15 one ofthe world's larpest
supporters of fusion research

— Consigermg jomung the ITER
consorhum

« Emussions-trapped fossil
— Wark wath [EA

(Generation IV nuelear




Potential alllance ?
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L aunched at WSSD Johannesburg



Fusion is an Attractive Domestic Energy Source

+ Abundant fuel, available to all nations
— Deuterium and lithium easily available for thousands of years
+ Environmental advantages
— No carbon emissions, short-lived radioactivity
« Can’t blow up, resistant to terrorist attack
— Less than 5 minutes of fuel in the chamber
*+ Low risk of nuclear materials proliferation
— No fissile or fertile materials required
+ Compact relative to solar, wind and biomass
— Modest land usage
+ Not subject to daily, seasonal or regional weather variation
— No large-scale energy storage nor long-distance transmission
« Can produce electricity and hydrogen
— Complements other nearer-term energy sources

Stolen from Rob Goldston



A grab bag of things

= Water - serious problem

= Biodiversity , energy can help

= How many earths

= How many people

= How big is the footprint

= Dow-Jones sustainability index

= Global Reporting Initiative

= Indicators and the Environmental Sustainability Index
= Sam, GEF, World Bank, Robobank, CDM

= Tellus - Pole Star, design your own world

= [=PAT, Impact = Population x Affluence x Technology
= The “2%" solution



“Men and Nature must work
hand in hand. The throwing out
of balance of the resources of

nature throws out of balance

also the lives of men.”
Franklin D. Roosevelt

Perhaps we can show that fusion holds one of
the important keys to a sustainable world



Backup charts
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‘ Saline aquifer storage of CO,




Many routes to hydrogen vehicles

Boxed fuels are snly one of
several potential ways of
delivering hydrogen te wvehices.
Hydrogen can be produced by

hydrocarbon referming, nuclear
or solar electrelysis and biomass

conversion. Matural gas steam
referming is by far the cheapest
currenthy, even if carbon disxide
sequestration is required. The
mest efficient and effective way
of distributing the hydrogen is
threugh the existing liquids and
gas infrastructure, producdng
hydragen at retail sites or an-
board wehicles. The critical issue
is how to store it

There are four options:

Solid hydrogen, if commercialised,
would provide superior
convenienoe, safety and -
possibly - cost. Breakthroughs
could come amytime but most
observers suggest they are at
least a decade away.

Liquid hydregen has generally
been rejected as impractical and
uneconomic because of concerns

about boil-off, filling and safety.

Gaseous hydragen is already
used for bus fleets and could fuel
ultra-efficient cars with
redesigned fuel tanks. Hydrogen
could be preduced at retail sites
by natural gas referming.
supparting parallel
developments in stationary
markets. There are concerns over
filling, convenience, safety and
consumer interast.

an board reforming of
hydracarbon liquids is preferrad
by autemakers because of
fuelling and space
considerations, despite losing
mast efficiency benefits over
advanced internal combustisn.
Methanal is easier to reform
than il but there are cencerns
abeut texicity and the nead to
build new infrastructure for a
transition fuel. Oil is sasier to
distribute, but faces performance
and cost challenges and would
reguire a cdeaner fuel.

Cost is unlikely te be the
determining factor. The winner
will be determined by the
strength of consumer interast in
fual cell wvehicles, weighed

mmmimet bhm cmmemmilnmes wf



icity generation

our world and climate change
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reduce greenhouse gas
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Industry
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Buildings
s R
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Agriculture
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