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Outline

» A statement of the problem and MOEs
* Atmospheric heat sources
 Electricity-generating system options
 Summary and conclusions
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A problem? The earth is heating

* Public assertions
1. Atmospheric temperature increase is an unprecedented threat

2. This temperature increase is driven by anthropogenic CO, emissions
(1.7°C/TtC)

3.  Only control of CO, can reduce or limit unacceptable temperature rise

e We address #3

» MOE: temperature change (AT, °C) and its surrogate, “radiative
forcing” (Q, W/m?2) according to

Q = C,AT
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Atmospheric heat sources: It's the sun! @
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http://en.wikipedia.org/w/index.php?title=Image:Solar
Spectrum.png&redirect=no&oldid=137135398
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Reflection (albedo), Absorption, Re-Radiation ‘=2

Global average solar input
340 W/m?

235 W/m?

Solar reflection

105 W/m2 235 W/m?

« On average 31% of incident solar
energy is reflected

« Only absorbed, re-radiated solar
energy is absorbed by CO,

— Reflected visible light is not
absorbed by CO, (31%)

* Average 69% of incident solar
power could be re-purposed to
reflection

> Ifit's not absorbed it cannot heat!

» Earth’s temperature changes to balance radiation
input and output

Solar IR re-radiation

Total IR re-radiation
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What to do?

CO,-correlated radiative forcing
Is much smaller than total solar
power absorption

CO, reduction effectiveness is
decades-to-millenia vs. years

Therefore, if near-term heating
Is the problem, we should
enhance reflection (albedo) in
the near term to reduce
absorbed power, heating and
temperature increase

Hypothesis: offset heating
effects of CO, by increasing
earth’s albedo (reflection)

Space-based mirrors:

— US$590T to offset CO, doubling

— Compares with (gro posed CO, tax
ofUS$3200T/° avoided
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System Alternatives: 150 MW Data Center 'vs.=5

e ”w

2. 5. 7. 8. Net 9. Net 10. Net
3. 4, 6. . 11. Net
Collector System . .. Annual annual average increment-
1. . Energy System Electricity . L. annual
/ Mirror Cost CO2 addition- radiative al Temp ]
System Area Storage  Cost (MmS/ Cost (Mtonne al heat forcing rise Temp rise
(GWh)  (M$) ($/Mwh) (°C/yr)
(km2) MW) fyr)  (Glfyr)  (W/m2) (°C)
1. Solar + batteries 5.0 3.60 $1,338  $8.92 $137 0.00 0.00 0.00 0.00 0.00
2. Solar +
5.4 NA $999 $6.66 S99 0.282 5.55E+06 2.42E-05 1.96E-05  1.54E-06
natural gas
3. Natural gas
+ mirrors 146.5 NA §12,627 $84.18 $539 -5.14E+08 0.00E+00  0.00E+00 0.00

P ‘ System 3 —
System 2 — Solar CSP Natural Gas + Mirrors
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Footprint — Baseline Sizing

¢ N ()
\ Philadelphia, USA: 367 km? //

{> 1. Solar + batteries
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Virginia solar farm

\California

/423,970 km?

Y

O

For comparison,

making California

100% renewable
requires much
larger areas of solar
(~0.6%) or wind
(~21%) coverage
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Effectiveness: Atmospheric Temperature Changes %

 Natural gas + ' - '
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Uncertainties and Sensitivities Sy

Required Area (km?, log scale)

Results are
sensitive to
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Trees, Desert, or Mirrors? e s
e Trees are worst for reducing Temperature Reclj(uc;cion for 154x Ca
°C
temperature because of enhanced 6.00E-09 (Cm?/vr) S—
power absorption, even accounting
for enhanced CO, power absorption. | >°*%
« Mirrors (albedo = 90%) are best for 4.00E-09
reducing atmospheric temperatures
; 3.00E-09
« |f we're concerned about 2.46E-09
temperature, ground-based mirrors Jooroo | Y
are immediately effective, can be
quickly deployed, and are easily 1.00€-09
reversed if necessary
0.00E+00
TreeT Desert T Mirror T
reduction reduction reduction
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Summary and Conclusions

* Domain-specific
— Atmospheric warming is driven by solar heating (incident global average
340 W/m?)

— Earth’s albedo is more important than CO, in controlling solar power
absorption (157 W/m? vs. 2.4 W/m?2)

— Heating by CO, can be offset by increasing earth’s albedo (above global
average 0.3)

— If limiting or reducing temperature is critical, increasing earth’s albedo, even
at the ground, is a more effective (time, degrees) but possibly more costly
alternative to controlling CO,

« Selecting the wrong system MOE can lead to selecting a non-
optimum solution
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