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Two Intertwined Problems;

Key Accomplishments

enerqy Security _ Leading Petroleum ;
and Climate |:_-|I'|'|".'.'H;|-'_" i = meporisi i 2003 [ ) £0, spitting over cobah ferrita manalith Demonstrated, for the first fime, the cyelic -
: United States: 11.2 —_—x _ re-energizing CO, splitting reaction via iron- . 1 otdl
Japan 0. folnriiaste b and ceria-based thermochemical processes. T
i Germany 2.5 | \ h! _ by
China 20 - ‘h II J h‘ . . =
Petetinire bt Ll 5 - DOFFIA-RIRE (A0 l | ' (LI LD 1Y o HrIK =
Leading Exporiers | e - i '
LIS, Petroleum imports are roughly equivalent to that consumed Parsian Gulf  18.7 | || f ." § 1 Lt
by the transportation sector. Russia 5 1 | {i; A ekl
Morday 3.3 S T g1
BMaore than 10 TW of ¢le=an ORI Ry Wi dwide are necded Venazuela 2.2 - - s i E 1 -
by 2050 to “stabilize”™ CO. ley I‘!’- Simeaie A e 2 mimuie T minufe
YA B SaHIE P tentotlil oottt e reaclions reactians ! ak
Py Chyp, Bloeenidy Avvewvanao, Sapr 300d
|r'?|.:'|;.:|-'.1._.ll.|“l;]‘ -('L-' into Fuel :\Iiplh-"d 1i'|rrn‘||rd1l,:n.tmif':. 1o link 1he Ir!'lprlm.'vl.-mrnr G =
- : | i thermal reduction with metal substitution to the - -
/ lI" A Hydrogen Economy driven by persistent sources of energy (sun- formation of mived phases and o understand the :
lighty offers a way out. But, by most measures, H, is inferior 1o liquid effect of composition and temperature on phases. e SR ,:.,;,,_,:ém Al
|'n1:|rl,||:_'.1.r|‘|-||r| fuels. Inl;nr|:rrrr.l|ir|ﬂ{_'i,l_, Fl,'l;'!f-r_'ll' into the ||!|-1I'|'I'_Il;!.!|1"l'l
Economy preserves the Hydrocarbon Economy. rr 11y Bem fa
“Re-energizing” CO. and H O back into hydrocarbon form is Linked reaction of Fe and ¥5Z 1o ';“_: e
qql:f!.'ﬂirnl (1] r'l"I-'I'l'HinE, coxmbuslion bal ks 2 n.III_IHﬂLI\. 1 the iI‘"I"I[.'I'-I'ﬂ".I'iI'"lﬂ F.'IE‘I‘IEIFI‘T'IIEII"IEE' ovear imea I:I‘_'IIJ1 a riiga LR :.’.,:' "':f'_ =1
photosynthetic processes that produce bio- and fossil-fuels. not total yield) and established that : naz | -
combination of H.O splitling and €0, el : i
. splitting s supedor io elther alona e ma o =
Sunlight + CO,, + H,O — Fuel + O, FRER e o g 1304
CO produciion for o
* :'-::‘;““"’: differant momaiih
Approach | s eatguistons &E
R ] [F s 1] =
4 ¥ Oy 3 — =

.yl 26 5P damp 00 P .a"f-\ -
Yath to Achieving Vision v Cyc X1 [100K damp £O ) ?.T' =t
Path to Achie 6 Visior o I:.\\QJ i
- . =

Energy Eificiency (sunlight to fuel) is the key consideration
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Thermochemistry: Using Heat to 5plit CO i T
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Unfavorable reaction split into two or more favorable reactions.

A thermochemical cycle is

essentially a heat engine that S i gn iﬁ(a nce

converts heat into work in the
form of stored chemical energy.

Energy security and climale change will be the defining issues for the national laboratories,
the nation, and the global community for the remainder of this century, The availability and
price of transportation fuels is closely linked 1o our economic and national security.
Addressing the challenge of creating a breakthrough technology for the production of

transguartation fuels is a task deally suited for & mulli-mission national laboratory with

In our case, the “working fluid”
is @ metal oxide compound.

High-end temperatures of

~1500 *C couple best with expertise in science, engineering, and systems analysis.
CSP, S : - :
The application of sunlight to re-energize CO, is a key challenge that
Efficiency gains are possible as must be surmounted to solve the intertwined problems of accelerating
canversion to meachanical work energy demand and climate change. Thermochemical CO, splitting,
and electiaily are avoided a key step in CO, utilization, has been demonstrated, laying the

ioundation for the eventual efficient and sustainable production

CO. splitting appeaars favorable A . TR
2 TRIEELE BREE u of transportation fuel from sunlight, carbon dioxide, and water.
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