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Topics IR &N A
* GTI Overview RERRSEARWFEE (GTI) f&j4r
* R-GAS™ Coal Gasification Project Collaboration with China
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e CarboLock™ Hollow Fiber Membrane Contactor (HFMC) CO, Capture Technology

h 2 A4 (CarboLock™) —SEALREERA
* Oxygen-Fired Pressurized Fluidized Bed Coal Combustion Technology (Oxy-PFBC)
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 Supercritical Transformational Electric Power (STEP) for Indirect Coal-Fired Power Cycles
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GTI Overview 3B BRSE A T BE(GT) &4
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GTI Gasification Development History
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Development Focus

Industrial Fuel Gas Syngas to Products
Supply Security — Biomass, Renewables Fuels, Chemicals, SNG
Substitute Natural Gas (SNG) Syngas to Power - IGCC

R-GAS Pilot Plant
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R-GAS™ Gasification System R-Gas™S4{L &4t

R-GAS™ Attributes it #4%4:
e Dry feed for high efficiency, feedstock
flexibility 1= 2R3 BT bRk
e Rapid mix injector + plug flow reactor
S for 90% smaller volume 1= %50 & el
AN ZE L 2 S N, s R /N e o6 RS
e Advanced cooling design for robust
i thermal margins, long component life
p—sie SEHERA HIETH RIS B4 22 S0 5
e Eliminates black water system for
conventional coal processing # %1% 4t
PR G R BK AL &R 5t
o2 Coirse Slag e Long MTBF, short MTTR for high
availability ¥/, BEHR, "HMES
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R-GAS™ Gasifier R-Gas™& ki

* 90% smaller reactor volume allows for
factory integration and enables
modularization  KHEJE NP T,
{12 B A AN BT A Fic B

* High temperature operation enables
gasification of high ash fusion
temperature and high ash coals 5 i

IBATAEDE T i KM R e AR A A R
 Reduced water usage H7/K & [#1
* CGE: 2-4% > than other dry feed

7%-9% > than slurry ALK 5 _
Pilot Demo Plant

e 15-25% lower CAPEX & OPEX 4 4~ Plant 800 TPD

18 TPD

Commercial
Plant
3,000 TPD
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800 TPD GTI-Yanggquan Demonstration Plant
GTI-FHAE 800 Mi/ R S nTide &

Project Status I HIR%
« >$75MM demonstration plant investmentii F
e FEED initiated July 2017 Hij¥ % it 6

Bt

« Design & construction 2018 Tt A it 1.
« Commissioning 2019 i 41817

Selected Demo Site (Qingxu)

J l-i iill-'; _.’I_'-_
5 Li“fing?-’ 'AY!\ Yangquan Coal Mining Group
Inner Mongolia ‘ ajing F "’ [‘Eﬁiﬁj

Taiyuan, Shanxi, China

Hebei Tianjin
anxi '

Plant Owner & Project Developer
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East China Engineering
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Carbolock™ for CO, Capture — MR ETIA

ABSORPTION

Lower CAPEX and OPEX & %% A FHAIK = =3 — « CO, permeates through
» High packing density results in >100x increase in mass Pcoz(g) @Jl. PCO(I) membrane, reacts with solvent;
transfer coefficient and smaller equipment C ’ CH4 or N2 do not react and
A 7S AR AR DL AR AR TR AR RN R~ Pgas @ l\bj . P.iquid have low solubilities in solvent
« >30% reduction in weight %% B &% =k éi%%ﬁ%ﬁ%ﬁgg%%m
I 3

Applications NV ATz

Modular — scales easily fHR AL Z) T THOK e B AR

Uses commercial (aMDEA) and advanced solvents

PR L ZAE St (1) b1

 High contact surface area
(~3,000 m2/m3) enable an
increased volumetric mass-
transfer rate

o A T AR SR R A B R R

NCCC PSTU system
(0.5 MW,, packed column)

Natural gas fired flue gas CO, capture KA AL HE
Natural gas sweetening and LNG feed prep KRS MR
L INGHKEHb 3

Pre-combustion CO, capture #A%ERTCO JHEE
Separation of CO, from hydrogen in refineries %/ &<
it B — S A

Biogas separations W) B L2

Dehydration of natural gas K#R < il /K b 2

GTI Carbolock™ system
(0.5 MW,)
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Oxy-PFBC Coal Combustion
REINERAARBER RS (Oxy-PFBC) KA

* High power density reactor for coal-fired electric power or .
stega mpwith nea r—zeyro emissions % il %%i?ﬁ@ E’?fi@%ﬁ%fﬂ . AR PFBC System COE Relative to Case 11
Bl AR & B BRI A b s 4T |_DOE Goal (<35% increase)

* In-bed heat exchanger for uItra—compact combustor KHKZ
N B P AR ST /N RS A G B

e 1/3 the size and half the cost of traditional boiler 4% 4t &x b

31%

29.9%
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Percent Change in COE Relative to Case 11

}'L _ N, S, N
WERN R =52 =, WAgE:
il
15.0%
GO /M0 10.0% |
Out
Why a pressurized i e 5.0%
fluidized bed?
GHX 0.0% - |
+ 3y Heat Transfer = 13 Pipe Cost ) EII;W AR Baseline AR Baseline AR Baseline AR Baseline
+ Lower velooity = Reduced erosion h_' | -98% CO, 90% CO2 with near with supercritical
. ' = | | [l I'II [ RHX capture capture | term high CO2 Brayton
Cormplete combustion 7 L Sleam PFBC with existing efficiency ASU cycle
+ Mo cyclones needed - In - ASU technology
+ Fuel Flaxibility SRR RHX Steam i
- MR Out Steam Rankine Cycle
* Particle contral and pradictability R IHX Steam
+ High heat release rates "1| e Gut
Fuel In = win i 0, In * No net increase in COE for CO2 prices/credit > $30/ton, or
$18/ton with SCO2 N1 fii i /7 LA
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Supercritical CO, (sCO,) Power Cycles
2] e = %ﬁi)"e(sCOZ)zﬂmﬂE%ﬁ*

Motivation - sCO, power cycles offer A&Iﬁ;‘g;ﬂ" T"g;;;ﬁgp Effggcv j%g
econom I ¢ an d enVi ronm ental ben efitS Fossil Fuel -Fired Power >700°C >50% 100-1,000 MW
FIRsCO,BARR £ 5 A IR RE ° S
e Lower costs relative to steam Cyc|es goncentrated Solar >700°C ~50% 10-100 MW,
. ower
A E T R AT W over | |
e 2-50 point efficiency improvement 3&$E% Steam Turbine Biomass -Fired Power 400-600°C 25-35% 5-30 MW,
Re.d 3:2? reer?']liggglnlg #E;Eaffd%ﬁi;faiage Waste Heat Recovery 300-550°C 20-30% 4-20 MW,
B, MRHHEE R AR 1S LURHE " T
STEP Program Summary ﬁ EM%
« Goal - design, build, and operate a Equivalent MW
10 MW, sCO, pilot plant =00, Turbine

WH EAR: Wit BRIEF L0 MW, sCO, TRIEEE
» Advance high-temp sCO, cycle from TRL 3 (concept) to TRL 7

(pilot) fF&: scozﬁ%mﬁ*ﬂ@ﬁﬁé?ﬁtéﬁﬁ‘&
« Sponsored by U.S. DOE with $80MM funding REJRERIR L ¥ &

sCO, Compressors

existing GE O&G product

» Roles: GTI (prime), SwRI (host site), GE (key turbo-machinery 215°G7250 par niet P P s
SUpp“er) ]ﬁﬁff‘ GTl(E-‘F?F) SWR'(%%) GE(I;ESFMW) (gﬁligggtiis?gvn? . I\C/Ilcro tubeldesllfgns |
Project duration 2017-2022 3 B .31 ompact platefframe designs )
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Summary S45

 Several new clean coal technologies suitable for China market advancing toward
commercialization

LA & T3 B # B S BESOR IEAE 1) v MU Ak B P AR AR e i
e R-GAS™ gasification demonstration project underway
R-GAS™ JESAE AR K TR TET B IEFE#EAT H

» Carbolock™, Oxy-PFBC and sCO, Power Cycles present promising opportunities
in China

Carbolock™, Oxy-PFBC # sCO, & H& it H AR+ B IHE W KRBT A

 Strong collaboration on R-GAS™ demonstration plant project with Yangquan and
ECEC provides template for further cooperation

R-GAS™/~uli H b5 PRI AR 45 i B & UME A — P S 1ER i EAE K
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Turning Raw Technology into Practical Solutions
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