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Is Homo sap. High-Tech
Civilization Viable on Earth
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Strange
Greenftellows

From longtime global warming warriors to
recent converts, the over-50 figures calling for
action include an ideclogically diverse mix,
to say the |least.

1. Senator Jahn MoCain research at the National oo Liebermuan (1D-CT) OSU climate recagrohes on Chmate Change (IPCC)

(R-AJ) 2. Elen Moskey-
Thompson, af Ohio State
Unhversity (O5U). has
studied climate change
for over 30 years 3. Bonrie
Raitt 4. Pat Fobertson

8. Warrer Washington

Center for Atmosphernic
Respanch 6. Governor
Arnold Schwarrenegae
(R-CA) T. Martin |, Hoffert,
an MY professor and
ErvEFgy -MESEATLH ENOD0-
nend 8, Senator Barbara
Boeer (D=CA) @, Senator

10, Ore-1irre shaptc
Rupert Murdoch 1. Tony
Blair 1.3, Shedla Walt-
Clowsther, & It Bader
arstd Mobel Peide Prize
mcsrmines 18, Sir Richarnd
Branson 14, Lonnie

{and Mosley-Thompson's
hushand; see 2) 1S, Al
ore 16, Wangari Muta
Maathal Kenyan founder
af the Green Balt Mowe-

ment 1T. Susan Solomaon;

she pufled together the
Interpover nmental Faned

report concluding that
humans are the main
force behind giobal wanm
irng 18, Rajondra K
Pachaun, chalrman of the
PCC Y9, Newt Gingrich
20, Robert F Kennedy Jr
21. Ed Begey

head of climate-change ThOmESon. a prominent
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P growth in this century, some combination of ne}
‘bon-emission-free primary power sources (100-30
sent fossil fuel ones by 2050) & efficiency-

proving technologies will be needed, to also keep
bal warming < 2 degrees Celsius® (CO, < 500 ppm)

=

Total primary power in 1592a BAU
(incorporates 1.0 %/yr declining E/CDP)

=

*2degCis a
nominal global
warming target
proposed by
Tony Blair above
which humans
“dangerously
interfere with
climate system”
-- interference
that the UN
Climate Treaty
and the Kyoto
Protocol process
is intended to
avoid.

= & =

3
Power per unit area of the Earth [mW m 2]

8 TW additional emission-
free to reach 500 ppm
from 15922 BAU

=

=

10 TW emission-free
needed by 2050 to
achieve C/E of BAU
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Growth Will Require Massive Low-Emitting
ower Sources AND Massive Efficiency Gair
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» Twenty-first century tradeoff
between emission-free carbon-free
primary power supply and energy
intensity decline rate to stabilize
atmospheric carbon dioxide at 550 ppm
as the world GDP grows 2.9 %/yr to
2025, 2.3%/yr thereafter [from
Hoffert et al., Nature 395, 881-884
(1998)]. Energy intensity is the ratio of
primary energy consumption to gross
domestic product, (E/GDP).

» Tens of terawatts from
supply & tens of “nega-
terawatts” from demand
reduction are both
needed by 2050 to
stabilize climate with
continued GDP growth;
with much more needed b
2100.

» MIH arguing (debating?)
that energy suppy vs.
demand reduction is a
“false dichotomy” with
Amory Lovins (with
pocketed banana) at
Technosphere Conference,
Synergia Ranch, Santa Fe,
NM, Oct. 2005.
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OLAR MODULES & BIOFUEL

BASIC DATA

» Agricultural area of Earth = 15 x 102 m2 = 1,500 million ha (10% land area)

» Mean long-term solar flux at earth’s surface = 200 W/m? (1/5 calibration
intensity at which PV modules are rated)

= Typical commercial solar module efficiency (sunlight to DC) = 15%

» Chemical energy/carbon mass of cellulose (wood) = 35 MJ/kgC = 1.1 W-yr/kgC
» Mean net primary productivity of ag crops = 0.29 kgC/m2-yr

* Present US primary power consumption for all end use sectors (electricity,
transportation, buildings & industry) = 3.35 TW (1/4 world).

SOLAR CELL LAND CONSTRAINT

* Area needed to generate ALL present US primary energy power (not just
electricity) by solar modules at the surface = 11.2 x 109 m? = 112,000 km2 = 11.2
million ha (< 0.1% earth’s land area).

» Sfill a huge area to cover with high-tech panels -- equivalent to a square 334 kn
on a side -- but less than half the 28 million ha of the Southwestern Sonora and
Mojave deserts combined. And it doesn’t address major storage and transmission
issues. But doable in principle.

BIOFUEL LAND CONSTRAINT

= On chemical energy per unit area of crops is produced at the rate = 0.29 kgC/m?
yr X 1.1 W-yr/kgC = 0.31 W/m?

It follows that energy conversion efficiency of crop photosynthesis (sunlight-to-
chemical energy) = [(0.31 W/m2)/(200 W/m?2)] X 100% = 0.12 % -- 100 tfimes less
than PV cells (hence 100 times more area needed)!

» Even if ALL THE WORLD's cropland were devoted to cellulosic biofuels with 50%
crop-to-fuel energy efficiency -- an unrealistically favorable assumption for many
reasons, including the need for 6 billion+ Homo sapiens to eat -- the best we could
do is generate 2.23 TW as biofuels, far less than the 10-30 TW of carbon neutral
power needed worldwide by 2050. It only get worse with time.




CRISIS: The geochemistry of oil formed ovz

hundreds of millions of years profound
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The
overwhelming
majority of
global crude oi
reserves reside
in 6 Islamic
nations of the
Persian Gulf
(data from V.
Smil, Energies
(MIT Press,
1999), p. 139.
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1 about 100 years; but Hubbert curves for “cheap oil”
duction rates estimated by various sources all peak
ween “now” & mid-century (likewise for cheap natural

)-

TRENDLINES PEAICONL DEPLETION SCENARIOS 2005
. COMPILED BY FREQDY HUTTER ~ WWW TRENDLINES. CA
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o their GDP growth starting from
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If: 1 “wedge” =
25 billion tonnes
less carbon
emitted over 50
years from carbon-
neutral or energy
efficient technology,

Then: 19 wed

are needed for
Pacala-Socolow
Scenario: 12
“virtual“wedges to ¢
from 3%/yr

GDP growth to
1.5%/yr emission
growth + 7 to get
from 1.5%/yr to ze
emission growth for
50 yr.

Even More

Important:

The wedge count
becomes huge in the
2nd half of the 21s
century. We need t
target this now.
(Tom Wigley




Fossil |Energy content|Carbon content|  (Efyel/C) (E/C) Sequestration
fuel [TW.yr] [GTC] [TW-yr/GIC] | [TW.yriGIC] | rate [GIC/yr]
on| tm | om0 | 16 | M4t | T8

central Carbon sequestration rates to produce j
b power plants 10 TW COz-emisslon-free from fossil fuels
omass

fuel olectricity -
2 & H ii magnesium carbonate bricks
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generate 10 TW carbon-emission-
free



BENERLY PO COAL
From sarth to power plant to alectracity
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storage demo
under
Norwegian
Statoil’s
Sleipner
North Sea
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(LEFT) The conventional light water
reactor (LWR) employs water as both
coolant and working fluid. (RIGHT) The

helium-cooled, graphite-moderated,
pebble bed, modular nuclear fission
reactor is theoretically immune to loss of
coolant (TMI) and criticality (Chernobyl)

accidents.
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Antarctica

Icosahedron: An
equilateral4riangle-
faced solld thal
reduces map projection
STors

Buckminster Fuller's Global Elactrical Grid

Faaiuras of MHR : Ceramic TRISO Fuel, Solid Graphile Modermal o,
Heulon-Transparan] Helium Caclant

 Safer, gas-cooled,
- “Hl graphite- moderated
reactors making
- Bl electricity & hydrogen
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NERGY:

me critics claim we will never power civilization with
newable energy.

ct: Wind & solar are fastest-growing primary power sources,
it are unlikely to grow from present ~ 1% of supply to 10% by
25 and >30% by 2050 without major incentives, R & D and
'monstration of enabling technologies. There are no known
ow-stoppers

Energy Demand 1980-2020 (BAU)

Nor-Fossi Wind & Sola

Mbarrels/day oil
equiv.

Mbarrels/day
oil equiv.

Fossil
"~ Fuels
ndustrialzed




Renewable
electrolyzer | electricity and

\ =
I

photovoltaic
arrays

[

wind farms

to hydrogen |
pipelines and
storage

to superconducting

liquid nitrogen
. electric power grid

chiller

Mass-produced widely distributed PV
arrays and wind turbines may

eventually generate 10-30 TW
emission-free




LIOTUEIe eeU arge
reas, energy inputs &
2llulose converters
)r large-scale use.
YU acid hydrolysis
2chnology (cellulose -
sugar -> ethanol) of
'0s is shown

e Original Daniel Libeskind
Freedom Tower design for
.r WTC site shown had wind
| turbines inside open upper
% story tensioned lattices to
ﬁ' provide 20% of the
. '5&  building’s electricity

* Solar Hydrogen
Home on LI by NY
Institute of
Technology & USMMA
with PV elecfrolysus,

T T e e | BB




-----------------

* High-altitude
tethered autogiros
could tap high
Kinetic energy in jet

\-L ~" streams

Photovoltaic (PV) cells
nvert photons more
1ergetic than

miconductor band gaps to
C electricity. Dominant
2chnology today is
ystalline Si modules

PV Module Cost Versus Cumulative Production in peak = EKO‘H c +h in Fi '-|

oIk S e R (Gafs CulnSes,
CdTe, amorphou

Mo prie dnerspoveby SI) promise cost

S ke ae breakthroughs.
PR IR An alternate
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Average amt.
mitted per
ilowatt-hr of
lectricity
onsumed in the

1.340 |b
02/kWe-hr

0.365 |b
/KWe-hr

0.166 kg
/kKWe-hr

* Therefore, even a home wit
0.8 kWe mean solar power
input (at least 20 square
meters of solar panels) using
electricity at a mean rate o
7.8 kWe as in the example
above would cause CO2 to b
emitted at the power plant .
the rate 7.8 kWe x 0.166 k
- W  C¢/kWe-hr = 1.3 kg/hr

* In one year (8760 hr) the
- carbon emitted would be
11,400 kg C, or 11.4 metric
tonnes.




LOAD MATCHING RENEWABLES v I.tll'ge-ﬂ:f.llﬂ oULIAT QNG

MAY REQUIRE MASSIVE STORACE

wind will need energy
storage, transmission
and power management
technologies to match
supply & demand

 Compressed air

energy storage % :
(CAES) is one 4
promising &
pproach for the
US where
pumped hydro is |
limited

* Pure fusion is the Hol
Grail (the ITER tokama
is shown). But early
implementation of fusio
neutrons to breed
fissionable U-233 from
thorium in burner-
breeders should perhap




wer continuously available in

O 5-10 times surface intensity
beamed to Earth for base

d. The NASA-DoE design of

2 70s employing microwave
amers is shown

LAUNCH COST EVOLUTION: $20,000/kg -> $2/kg
id from | . Bakay, Advanced Spoce System Concepts and Techmoloaies
2010-2030, Aeiospace Press, El Sequndo, C&, 2004, p.54)

* Launch costs could
potentially drop
from the present
Shuttle $20,000/kg
to $2/kg,

r . . -. : : , +
ey, comparable to
! »- 22 %40

= “Moore’s Law” ag.
| g

uT -_-"

240kl concentiator
e R,

- » Laser diode SSP
1 |- MGG beaming to PV
A modules in Sahara
could supply load
curve of Europe
according to recent
study

Collection:




ney?

)r by failure of imagination?

1ISTORY OF US FEDERAL GOVERNMENT R & |

Homeland Security,
Global Warming?

Reagan “Star
Wars" Program

3 JFK Apollo
Program

40 Carter Energy
; Program
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Ne can well afford “Apollo Programs”
stainable alternative energy research,
velopment, demonstration & global deployment

Nhat we can’t afford is collapse of our high-



Does Economics Trump
Technology?

Or: Does Technology Create New
Economic Realities?

"l think you should be more
explicit here in step two.”




