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A ACTIVITIES ) A OUTPUTS ) A EFFECTS )
I | I | l i |
| Short—term | Mid-term | Long-term |
. [ outcomes | [ outcomes | | outcomes |
SURVEILLANCE Identify factors and
populations
Evidence-based 5 " Adopt changes in
models. e oY | policies, laws and
Strategies to changes regulations
Identify modifiable risk implement models.
and protective factors Best implementation
practice.
RESEARCH & anchonsequences ]
DEVELOPMENT Pt Change physical
interventions environment.
Create/identify best
method and models 1
Support/develop Diff ly of Ch:
- Network of strong iffuse supply of i ange
CAPACITY frontline frontline imol tools, practice and |— e AdOPLPractices L o oihed/takes [l Proventand
infi .| frontline implementers. and programs control problem.
BUILDING infrastruoture. Good training tools programs. root
Identify skills and
s and resources T
Identify channels, Effective prevention
COMMUNICATION audiences, and key w|  messages and Change || | Gt domand
beliefs information. - knowledge. and T e toole
Effective delivery behavor
channels. T Change social
. environment,
PARTNERSHIP Idenufyn:ua(eglc i
partners Adtivated for Access to leaders. Strong
f—m  Accesstokey [—@= p ps at all
prevention groups levels.
Forum for convening. Shared vision
LEADERSHIP Develop research and
other agendas.
Increased
resources

HiFT : T. J. Chapel (2005) "Integrating Program Planning and Evaluation Using Logic Models" X ¥ #i#

X 3-8 GOV IETILOH

vYy Z7ETATHE, BE, TBRILCHER TU ML) 28 T2DITIRLNEN? |
EVOIWNTEBVIEL, T al T AOTRTOEICES E TREBRAERML TV
T,

Yy BT VOERCTEHERZ X, 7077 AOFEEANEZ ETHrEPRICE
#9252LTY, LORTIE, 2% (Effects) THEON TV DO DEYIDOFIOR v 7 A
MR T w7 b & A (Short- term outcome s ) & L CHEIF bR TWET, WH, Vv r/ 7
DL TEBRSNDDRF OO ETT, BRITHEN T 07T LORBEZIT AL
ZELTWE  IR&N7e B (BRICHY) T2 EMNT ¥ k41 2 (Long-term outcomes)
ZEBTLTHAS I E VI WEEZRLTOET,

LNLBRE, BHAT U M AOFEBOZOIZIE, THHT 7 b AREICER SR
LZMENRHY . I BIZENIETE T, EHINZRT U M ARER SRR TR L 20
VS FARBRERLTCWDLRT, Yy JET MEIREARAR I a=r—va Y —
NERY ET,
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7a 77 AOEREMIT, FHUEOFMRE 0y 7 ET VOISOV T—FEICEEE
THIEEBXRITINT Y A, v Yy 7 ETMIET 2RBE R OFMMOFMZE &
TRTTEATX =V —ORBICBET 5 EMAER A MG DED I LiIckY, Yy
JETNE L VIRBNERE ST DN TEET,
Yy VT NEMET H72DICIE, ROMREREZPLNICTHILERH Y £,
o JELE) (activities) : TDOT B ST LD T T, BRT D7 7 ¥ —MWEHT 5 EERITENIT
filh, bbb, 77U N AOERBICERT 2 FEIGEITTH,

e TU RSy b (outputs) : FEREBOT ¥ 7y MIfA, Thbb, IFEINEFI
N2 L E2RTHLOEMP, 77 Ty MEIT U M LEROZDDOIFEOKUETH D |
HIZR 2T (tangible), #x 5415 (countable) H D& LTRSS,

o HHIT U k72 (short-term outcomes) : IEENCT U Ry B AL ZEMOT T
ML ThHD, RV 7ETMIBNTT U M, LT BERLE) & TYE
L7c) L W0WO X577y ar U —RafoTBY , IFHCT U N7y FOfERERL
T2, 7877 LOFTERHHE L TRIKRFELZ bOREHERE LRI NS,

o KT Y b H A (mid-term outcomes) : FHIKT 7 b A ADOBEICIIT BR DO
WOy, W2, Tr s T LOBHXRTLHLEMNRT U NI LOFEBITHE IR FM
M, ZRSOT Y M AE T Y AL THD LRSS,

o RHIMT ¥ k2 (log-term outcomes) :  BURDERAKMZT 7 M KI3Mh, EH L
TINSDIFERITON TN DD, T B, —MKIZEEIND L0 RWERIZ N |
BORAH A B E L, KVRIEHR L~ UZHD LR HTHD,

LU S, aYy 7 BT VI HRB L30T e 7T AOMKESRELH Y £3, f

ZIE,

o FDXHITurTFARNERMENDDTONTD, BED<RY AL b EOFEMFE

o HERE . BREEM., EHOTn v R KSR EH T HbOT, A¥ vy 7EM, EEO
Ay FFa AL FORYEY O X 9 7RiGHE),

INnbix, BERT 0T AOEBTTA, @F, nYy 7 ETFVIIAND Z LT TE
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0Yy 7 EFAERETHLOICIIT RS T AOTEREZ S ETHILERDH Y

FT, —OOMRNART Tu—F L, FHEOEMHEDOI KR — b EZTRBE T NV—T T 4

ANy a Lo TETNVERBETHZETY, 7/ 7 ML TEESERMAE

FEONIE, mY Yy 7 BT VOBRRBICEM T £,

EPRANGERT R EFE, TOXR32OLIIZ, EH, 7YV Ty b 7o ha (B

W ~RWN) [CHETL2HEEL VA NT v 7 T52LTT,
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T, Tr s T AOFMEEH LN LEBEOMERGEATOE FHEATE ET,
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3323 RASYIVETILOFIVY
M OB ZILREBIRICIR Y vy, BERERENET WA E2F oy 7 LE
T, FRZ. 7Y R haonYy 7 EEICET S 7r—ItEALTTF =y 7 LET,
TU NI AOR Yy 7 RETEERSITKO 2 8TT,
o HDHTUMNIANIENTLIT Y N AOBEEN KRR ERO)?
o T U NUARIEORBBIZVOTHY Lo ?

AIE ORISR T 2RENAEE, (77 M A0EBISH L TR 7eH8E (mediator)
BYFHELTWRNN? ) L) ZETT, FIIE LM T, TFEER L OLFERFEOHL
Fel & NS ORI E VO] A TRERGEICH T 28 Ea08Mm) &n
SHMIHT U NI AE BT O LTHETA, 2O XS REREBGESEBENICHKLT 5T
L X 9D

EEXREDHR
HRDIEFE
EMRREEICLD RELEBEICH
TPUTAVY > TEHRASR
DATLDEA DiEm
BADSDOME
5lEELDEM

T« ST AR AR AT (Rl Rk

K 3-10 ADYIETIVIZE TS B EE (mediator) DI

BEHIZ, 2ED > TBWTHREBEGERKY LHE S ThhiX, vy 7 RHEL
TIEMER S AR, AL 6 OBITERER 2T Ee ¥y 7 BRICEENH 2 L
FEZoNDHEIE, BERRENREREEZRFT 2 2 LI £, Lot e
7T ADROEBE LCHTIZRT 7T 4T« VAT AOEANORLEEERFIL C0E
T

o, BEOEMICHET 2HANEIL, (77 b AOFHRITK LT, HERENRED
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X O F o TWET,
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[72 7T aoHEE]
TS AOBEIZIZRD 4 H5RBIF 5N TWET,
<2012 FEE CTICARBMER RS > AT DEFAWVIEREIANE 7 T AAOET 3¢,/ kWh ([
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b)) i35 230RTH¢ kWh (L) £FTFT %,

+ 2007 4 £ TITH AR S) o 2T 4 (distributed wind system) & HWTHAAES 72 5D
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k& f@EE~ = 27 2 (Carbon Sequestration

Program)] ® 5 HD—o2>D7 =7 hTho, RFEMIE (Carbon Capture) HFFEHHZE
Tuves hONFEMEL LTS DT,

Fuel Conversion Pathways

Priority CO, Capture Pathways

Program Goals

Post-
Combustion

Higher temperature steam
* Super critical

1150 7F, 3500 |1::| 4 eft (EPRI)
» Ulirasupercritical

1400 F, ‘munsl S0-60% off (CURC)

Coal feed to reactor
Water Slurry
Dry foed
CO/eont sharry

Pre-
Combustion

Warn sulfor clean-up

k&

Supply

Oygen

Cryogenie

Oy/N; Membrane
Chenical loop
Pergvskite

~

Reduced OO, vecyele
PC retro-fit designs
High-pressare boiler

Oxygen
Combustion

Aqueons Chemical Serbents (Amines)

« Energy optimation/integration

Absorher inter-cooling
— Waguum regeneration

= Mimimize degradistion

o Advanced contaciors

« pH-hased adsorption/desorption cycles
€O, Solvents (glyeol, methanol)

« Steam sripping to exhoust CO, at higher pressure
COy/Water Hydrate

o lmprove hydrate formation kineties

+ Reactarthent exchanger design
Ajneons Ammionia

= Maintain carbonate/biearbonate cyele

o Inerense pereent SO,MNO, conversion 1o fertilizer
H,/C0; Membrane (H; permeate, cerambe and polymer)

=+ Measure, improve H: permenbility, sclectivity

« Raise mutesial e, limil o wasm gas (450.°C)

» Test, improve sulfur iolerance

» Catalyze COshift reaction while separnting CO.
NO0; Membranes {Enzyimatic, membrane/amine
hybridd)

« Test, improve C0; Mas, sehectivity

+ Test, improve impermeability to contaminants
Salid Sorbents (earbon, amine-enriched sorbents, metul
organic frrameworks, sodium-based sorbeats)

« Improve sorpion capaeity, kinetics

» Raise operating temperature

=+ Improve stability, resistance to contominants

o Dresign system for gas/solid contactheat ransfer

oncentrate e gas

o underground

Heat and pressure integration with base power plant

207 Develop at least
1w capiung
technologics that each
result i less than a
2 increase in enst of
eneTEY services

2012 Develop a1 Jenst
i technologhes that
each result in less than
0% merense m cost of
SRETRY Servives

HAT + SK[E = L & —H R

Bt (NETL)

Y . Carbon Capture Project O

X 4-7 KETOPx

X 4-7 TiX, v 274 (DOE OBUR)
LOINEST BN, TrY ey NAOKEYT - Tav=s MBEBR
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Deseription

Advantages

Challenges

R&D pathways

Hydrates

Status:

Laboratory scale

R&D by:
Simtech
LANI

At high pressure and low temperature
(200 psi, 4 °C) CO; and water form
solid macromolecular structures called
hydrates. The solids are separated
from the liquid stream and then heated
1o break down the hydrates and
recover CO,

« Has the potential to produce

captured CO; at several
hundred psi of pressure.

= Requires refrigeration energy to counteract
heat of hydrate formation (At 600-1,400
Btu/lb CO; captured).

Cold spots in the hydrate formation reactor
can cause ice formation and aperational
problems.

« Additives to speed up the

hydrate formation reaction and
enable 90% CO, capture,

Heat exchanger design to
ensure uniform temperatures in
the hydrate reactor,

Enzymatic
Sorbents

Status:

Laboratory scalc

R&D by:
Carbozyme
C02Source

€0, Enzyme-based system achieves COa
capture and release by mimicking

= Tast kinctics lower system

size and cost.

ian respiratory

to SO, and NO,.
1 swing based operation
offers potential to produce
€O, above atmospheric
pressure.

100 °F operating limit and exothermic COs
sorption reaction require cooling of fluc gas.
Entrained solids in flue gas from coal boilers
mayblock membrane channels.

Possible sensitivity to acid gases.

«  Develop and test thermal

management approaches

« Demonstrate insensitivity to

80,, NO,, and acid gas

FGATH AT« AR NEWRT H1-DICITEHOT-OOME STV ANRKEE D F
T, PIZIEA—R—ar Pa—XOMBIZBWTIX, ERE%OEMFE Tk NLS
(National Leadership Super-computer) & L CENIMgmEAKREOREME L ToRE %
Rl F 2 LRSI, TO%, BEDOA— = B a—F OMEREDSBOEE L 72 B G,
NIS (National Infrastructure Super-computer) & L COEMHRBEICBITL 7, HER
B OHER Y I 2 L— 23T TICR ARG b 72 6 T HARZ O EE L Lok
Tz, BEpEiiA 7 7 & UTRAPRMMEIEZ S uJat B o L RF A ik & LT
BERE L T ET, BEMMREMGE GAE Lz BT, MR e e 7 MIEE Sl
wiE7en T8 A,

WIFEBIRE O RFEIC >V TR, #E S LIS ORFED > 27 ADBIRIC Eh i) =
A RDBHPSTZPTONT O —_A PHFOEATHIUE, —EDOHRICTHIENTEE
T, MOFEFI L LT, FBIOV AT LAERBET HEICHE BT EERA (PEEfRE, 7
MR, WMk HE, BFEBRFE DY — N2 A A, BRAEM &, WHEERE) 2%+ s2 L
T, YRR BAOIRZ RTZENTELHTLLE I,

Amine-enriched

Sorbents

Status:

Laboratory scale

A carbon material with amine
compounds fixed upon it cxposed to a
CO--rich process stream. The amine
sites absorb the CO,. The temperature
of the material is raised to release the

«  lligh storage capacity

(4 moles CO; per kg solid
sorbent) and use of tertiary
amines allows potential for
lower energy required per
CO; captured.

raisc the temperature of a solid material — can
cause slow de-sorption rates.

Small diameter particles can cause high
pressure drop across absorber.

Relative to a liquid, it is difficult to lower and |«

Improve sorption capacity,
kinctics

Improve stability, resistance
10 poisons

< System design for gas/solid

contact/heat transfer

« Multi-pollutant capture

CO,.
R&D by:
NETL in-house
Tonic liquids Tonic liquids are a broad category of
organic chemical compounds
Status: consisting of anionic and cationic

Laboratory scale

R&D by.
U. of Notre

Sachem; Merck

components. They can dissolve
gaseous CO, and are stable at
temperatures up (o several hundred
degrees C.

Dame

« Ina gasification application,

can avoid cooling down
syngas and heating it back up.

* Physical solvent requires little

heat for CO, recovery.

« Room temperature ionic liquids are not
manufactured commercially and are expensive
($350 - $2,000/kg).

= High viscosity may hinder usefulness.

+ Develop better understanding

of CO; dissolution mechanism

« Screen materials for CO,

solubility, viscosity. thermal
stability

« Conduct toxicity tests
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