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FEDREDFHE

(20144, $#%85:$134,042 Mil$, preliminary)

- ot BEEBE 7 HER \
| NSF(FlE, I7oT420 0 BEM)
#ZEFH NIH(EZ, NEHEE)
N DOE/OS(R% B, NERRRZEH)
2B Ems i
NSF
5% 49%
L EfH#eE 65,997Mil$
°8°%E REHESENSE 31,631Mi$
IRIILF—E 10,488Mil$
é@iﬁs £ XEFEH 6,240Mil$
24 MZESHE 9,696Mil$
=i5HE 2,538Mil$

(i 88 : Federal Funds for Research and Development: Fiscal Years 2012-14%EI[ZIAE{ERK)
(Table3: Federal Obligations and outlays for research, development and R&D plant, by agency: Fys 2012-14)
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FY2016 TRILX—EFH

(BERAR—RX, #2%527.9bil$, Feb2015)

Discretionary

Nuclear Security(E%) § in Billions Sl
HEIU $9.8
Environmental Cleanup(B&) .

—_ Management Environmental
) tt RE and Cleanup

Performance
$6.3

Energy / Science =5 M —

Nuclear
Security

Energy / Science® X4 AER (FEIBAIEbil$, % % I BT 4F B ) 1EiR) $11.9

EEF = (Science)(5.3) +5.4%
HBIXR-FHIR(Energy Efficiency and Renewable Energy)(2.7) + 42.3%
B - TR{E#E M (Electricity Delivery and Energy Reliability)(0.3) +83.8%
{E B (Fossil Energy)(0.8) +6.4%
[R-F 7 (Nuclear Energy)(0.9) +8.9%
ARPA-E(Advanced Research Projects Agency — Energy)(0.3) + 16.1%

1§ (Energy Information Administration)(0.1) +12.0%
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ARPA-ED O THRMNETE

B 3207055 LTEZLDTOCTIMRIR (2015%F10 AR T)
o FHMEE JOUII/IEMREAM T4
B FEEE AEBD2EMEER
B FHEEEOTMELE
o REERMOREWMBMICKIZT AUk
o F=FH, BMHAla — 1=——0% =EFHMHFLTMmATR
B RAEEOFHMmELE
® FHEZIER
e JOUIHVMF—LDEG, REX, #EN
& IARUAVIETEIDESM

.' =y =
CHANGING WHAT'S POSSIBLE
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t Valley of Death #3:
Valley of Death #2: Venture
Death #1: Follow-on Capital/
Public Development Private

Funds

Funds Equity

Investment

Time
dﬁlj‘i@ H#L:ICEF20157LE T7—av & 10
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" ARPAENEE&EBNTSTIATIVRDIRL
(Technology Readiness Levels) 20105 L 7K—F D 5l

SEDBLAIVICHHERERI(TRL2-4)IZE S

5O <
iZ H 3 : ARPA-E WebH (b
3
'S 400 BEEEEEEEE
a
=
%)
=
AN .
e
Y 24
=
e 200 . .o B e
<
(¥
°©
T
[T
L2 10l . BT
=
= 4 )
1 Maa L L
TRL 1 TRL 2 TRL3 TRL4 TRL5 TRL6 TRL7 TRL 8 TRL9
Basic Technology Analytical and | Component Component System/ System Actual system |Actual system
principles concept and/or | experimental | and/or and/or subsystem prototype completed and | proven through
observed and |application critical function | breadboard breadboard model or demonstration | qualified successful
reported formulated and/or validation in | validationin | prototype inan through test | mission
characteristic | laboratory relevant demonstration | operational and operations
proof of environment | environment | in relevant environment | demonstration
concept environment
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ARPA-E IMPACCTZ R4 S .LTORINEH

Inertial CO2 Extraction System(ICES) (ATK¥L) NETLT[E
ICES Plant Layout and Footprint @'_K)

A premier aerospace and defense company

Boiler

¥~ | ExhaustStack |
] A

Continuous

b & Flue Gﬁ@;ﬁﬁ
Emission Desurfun;ﬁr
| e e e e e 1 | Monitors (CEMs) !
1 Unigue 1 T
1 Equipment for : \\
I |ICES System 3

"
\| Precipitator

Direct Contact Cooler
(DCC)

At

Hi88: ATKEE &
ICES footprint of ~8k m2 compares to 20k to 30k m2 for an amine plant of similar
capacity. ICES nozzle and compressor stacking can further reduce footprint by N\
30-40%. ACEn o
BAI X LX—EEFEF TLCPAL Rk [COP2I=EIFTI BE \4E 28
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ICES — CO2Z A7 A ARELTHEIYR

ICES Technology Background QALK)

« Supersonic expansion of compressed flue gas results
in CO, desublimation (high velocity — low p & T)

- Inertial separation of solid particles instigated by
turning the supersonic flow

* CO,-rich capture stream is removed and processed Slip gas

recirculation
+ CO,-depleted stream is diffused and sent to stack

Flue gas from
compressor Solid particles
capturing
Cyclone
separator
' CO; to pipeline |
: Supercritical I et .
) —— ;
CO, Processing L\_\EJ_ Solid/Liquid CO, Processing 3
ACER|
..|I\.'.|..|.'.|:_\IJ 3
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Electrofuels
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ARID
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SRIEIFR(OAITDOZT)T) SRM&CDR

© Lenton and Vaughan 2009 “The radiative forcing potential of different

climate geoengineering options”, Atmos. Chem. Phys., 9, pp. 5539-5561 LIl SUETSEAM, BT 25, 2011

At AR

mm FEKEL—ILF
K55 &
(SRM:Solar

Radiation i
Management) A gm0y
OB : i B R
P K| C0, !/
bt | cok=
EF7ILA Figh N (CDR:Carbon
1 -aldgy)” Dioxide
\ Removal) )
il ’ AR
i A F e i N T ﬂéﬁé
= & ¥ HEBE
)] -
BAIRLE—ZHERRH FLCOPARUIMCOP2LIZRIFTTIZEY 2015411108 () \AE 0

E $I*)b¥—ﬁ5§ﬁﬁ%"ﬁﬁ 7('%35 The Institute of Applied Energy



e : +9
NRCRUE T FHES
ONRCRIEIZHEE (February 2015) ‘Climate Intervention’

28R IERX

Carbon Dioxide Removal and Reliable Sequestration
Reflecting Sunlight to Cool Earth
2FTavDRE, B, AXMIER.
-Climate Interventionld, fRF1OE G DRFIZTESELY
(NO SUBSTITUTE)
CDR KBRS F I DEFMEASALE
*Albedo modification
BIBEZTOMD) R VIZOWNWTOEREI+ 5 TELN.
%—‘aﬁlﬁ’ﬂ’é’a‘%éx@'—)bfd)%Hﬁ’&’d‘/\%’cgt\
KYZLDHARLLHE. . 48
jJ/\j_JX’\d)nﬁ-
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Jao D H BECCS
A4))A4CCS7O>xT o

> REEHRBDKSE3IBLLT, CO2BEIXII%LLLE (KT —R—R).
> Tri-ethylene glycol ZRUL \=BiKIZKY, /K9 0.006%LL F&ELTH TEE.
> BFrBBARIE, 5,500 ~ 7,100 feet (1,680 ~ 2,470m) @) Mt. Simon P& E.

> EPAQ T EARFEH%Z1)7 (Class 6)

Reciprocating

; Supercritical COy P— ~ —
Compressors (3250 HP) Centrifugal 8.in, 1.mile Pipeline Injection Well IL-ICCS VXTA? o—
4 Stages with Intercoolers Booster 3500-2000 MTPD P set by permit
Centrifugal Pump M <0.005 (estimate < 2300)
Blower o 4th Stage Discharge (400 HP) :
2 -
(3000 HP) P=35 CO, P=1425 .U Primary Source of
Wet CO, from 1 Drinking Water
Corn-to-Ethanol | co 24.inline [ Dehydrated Tri-ethylene Glycol ~ (D=140)
;f:rge;gr 1500-1t £0:to Dehydration Unit /" HNew Albany Shale
__(P=A5, M<3) CO, Inlet 4 Stage - (D=2000, T=120):
36-in Separator co Tertiary Seal
Collection z
Header 3™ Stage Contactor Maquoketa
Discharge Shale
CO, P=590 / (D=2600, T=200):
Z Secondary Seal
Water
Water = Glycol 5t. Peter Sandstone
X Regenerator _T I[-[?::E]rur;-_'l"l]':'m UsDw
Not ¢ [Eau Claire Shale
sotes. — D=5000, T=500): .
P = psia Regenerator R Lrimary Seal ) . IBDP
M = wit% moisture Reboiler etum . ° e
MTPD = metric tons per day Dry Glycol Mt. Simon W eb’\—“/
D = depth in feet ) : | Sandstone
T = thickness in fest CO, Sequestration g = (D=5500, T=1600):
-7,000 ft. depth in Lotaa \\.\ Saline Reservoir

(all values approximate) :
Mt. Simon Sandstone

BAIRILT—EERRR FLCOPARUIMCOP21IZRIFTTIEH 2015511108 (K)
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Pre-Cambrian Granite
(D=T200)
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[t BRI KBN SR T AT F)—/f 38
ATF—IHRILE —D
5 &R

el EADE )

TR EF

i ™

2k Ty g
(translation, transparency, dialogue, responsivity)
J
HEEFHR. 27— HIL S —EORM .
(transdiciplinarity, stakeholder imvolvement) "
]
FRAOEE. Bal. FAESE BREE .
(interdisciplinarity, consistency, uncertainity]  Co-Production ]
]
I"\.\_ : _'_.ll .
RELK. FREE. FEY '
(funding calls, propasals, review, etc.) '
AROIE. & ,
{research scale, research questions) W ‘ ------------ ’
we DRCEE Co-Design
(topic depends on societal emergence)

. A
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Thank you for kind attention.

kurosawa@iae.or.jp
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