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KM CDR - Kansai Mitsubishi Carbon Dioxide Removal — Process®)‘ MITSUBISHI

HEAVY INDUSTRIES AMERICA, INC,

= Similar to other amine-based
technologies DEHYDRATION AND

COMPRESSION UNIT

= KS-1™ solvent with low Treated Elue
degradation and negligible Gas Outlet >
corrosion Co,
Product

= Proprietary features
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KM CDR Process is a registered trademark of Mitsubishi Heavy Industries, Ltd., in Japan, the United States of America, European Union (CTM),
Norway, Australia, and China.
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KM CDR Process® Development History

From 1991 -
2 TPD Nanko Pilot Plant on
Natural Gas Exhaust
(Kansai Electric Power Co.)

From 2002 -

1 TPD Hiroshima Pilot Plant on
Coal Exhaust

(MHI R&D Center)

From 2006 —
10 TPD Matsushima Pilot Plant
on Coal Exhaust
(J-Power)

Engineering Q
(Yokohama)

From 2008 -
400MWeq Absorber Flow Tests
(MHI Mihara)
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KM CDR Process® Commercial Experience Amrsum&g

MHI is the world’s leading large scale post-combustion CO, capture
technology licensor.

2009 Bahrain 2006 India (Aonla)
6 450 Mt/d for Urea 3 450 Mt/d for Urea
NG Furnace NG Furnace
2010 UAE .
7 400 Nit/d for Urea 2006 dndia (Phulpur)
Rl 2R 4 450 Mt/d for Urea
NG Furnace
Plants in operation 2017Jdapan

13 283 Mt/d for Chem
Process Gas

Plants under construction
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® A 2005 Japan
: 330 Mt/d General Use
12 4776 Md for EOR 500 Mt/d for MeOH
Coal Boiler NG Furnace @
11 2010 Vietnam
8 240 Mt/d for Urea
2011 Pakistan eliace
340 Mt/d for Urea
1999 Malaysia
NG F
9 urnace 1 210 Mt/d for Urea
NG Furnace
2009 India (Kakinada)
450 Mt/d for Urea
NG Furnace | 10 2012 India (Vijaipur)
5 450 Mt/d for Urea
NG Furnace
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Testing and Scale-up for Coal-fired Flue Gas MITSUBI

MHI performed extensive testing to
understand the impact of flue gas
iImpurities and develop countermeasure

technologies.

=S ' B o
2002 — Hiroshima 2006 — Matsushima
R&D Facility (1 tpd) Pilot Plant (10 tpd)

MHI performed liquid distribution tests
for rectangular towers which simplify
scale-up and modularization efforts.

(Scaling technique is similar to that used on - iz
more than 200 commercial FGD systems.) i Tt

2008 — Mihara Works (~35 ft x ~15 ft)
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25MW,, CCS Demonstration Project at Plant Barry )‘mrsu BISHI

Plant Barry CO, Demo Plant — helped prove commercial viability of
carbon capture on coal fired flue gas
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Flue Gr?s = X Southern Company, MHI, and
Quenc er L p——_——
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» Designed to capture 500 metric
g tons per day of CO, at 90%
capture efficiency.

From 2011-14: over 12,000 hours,
over 250,000 tons captured, over
125,000 tons injected as part of
SECARB sequestration
demonstration.
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‘ .' ~ CO,compression
(EAERSE, . & Dehydratlon unit

» Tested multiple technology
improvements.
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Petra Nova
| Proje__ct




Complete Petra Nova Project Overview S miTsuBisHi

Oil revenues from CO, enhanced oil recovery can recover costs for the
entire project without significant impact to the existing power plant.

WA Parish
ELECTRICAL GENERATING STATION

90% CO,-free

Prooessiﬂuenas Four Key Components:

COscapture = ¢ CO, Capture System
” separeer (MHI technology)

FLUE GAS
WITHCO, -
o ,,m + Cogeneration Plant

+ CO, Transport / Pipeline

* Oil Field & Processing Facilities

NRG Fact Sheet: Carbon capture and enhanced oil recovery: http://www.nrg.com/documents/business/generation/581409-
factsheet-petra-nova-carbon-capture-final.pdf
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Petra Nova Commercial Structure MITSUBISHI

HEAVY INDUSTRIES AMERICA, INC,

NRG Energy and JX Oil and Gas formed the Joint Venture, Petra Nova
Parish Holdings. They own the CCS facility and 50% of the CO, pipeline
and oil field.

Our Partners
s
n
n rg. = JXHoldings is a leading integrated energy,
— - — resources, and materials company
0 -I-

e @ m =j=-*= NRG Energy, Inc. is the largest independent

= DOE IBIC NEXI n rg. power company in the US

|

FI:etra HIIDLE Petra Nova == Hilcorp Energy is one of the largest privately-held
owWer CCSILLC " P
(COGEN facility) (cC facilty) oil and natural gas E&P companies in the US
Farizh fence ine

% JBIC and NEXI are wholly-owned by

the Japanese government. Provided a
Petra Nova LLC combine $250 MM project loan. NEXI
== J E-4 = I

s+ US DOE awarded $190 MM grant funded through
Clean Coal Power Initiative

Texas Coastal
Ventures, LLC

ks
. West Ranch n A
TCV Pipeling, LLC oil Field rg

&

PETRA NOWA Carbon Captune

Reference: Petra Nova Parish Holdings
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Petra Nova Carbon Capture Facility Project Overview MITSUBISHI

“NRG Energy, JX Nippon complete world’s largest post-combustion
carbon capture facility on-budget and on-schedulet”

» Takes a partial “slip” stream from
host unit - NRG’s Parish Plant
Unit 8

« Captures 5,200 tons of CO,/day
* Achieved COD on Dec 29, 2016

-
,Zl ‘ﬁ

« 2017 — Power Magazine
“Plant of the Year”

-4 ]

e

* October 2017 — 1M tons of CO,
captured

INRG press release: http://investors.nrg.com/phoenix.zhtml?c=121544&p=irol-newsArticle&ID=2236424
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Petra Nova Project CCS Facility Layout S miTsuBisHI
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Petra Nova Pipeline & miTsusisHi

INDUSTRIES AMERICA, INC.

Captured CO, is compressed by Mitsubishi’s compressor and
transported 81 miles by pipeline to the West Ranch Oil field for EOR.

T ~ : =
o \' \ |
L W.A. Parish i
s Generating Station |
¥ (Carbon Capture) 7 A
e 7
1
81 Miles (Parish to West Ranch)
“a . 12” diameter ‘
- .1,900 psi at inlet ! {1 o) I
DeWitt \-., H i
County 2 .
e (O (- . R S [ G <R <A SRR | P ST gl Sl S o . .
/,.;4
H "\,‘C_".“Efx_, S N G 7=y 2
MLV #7
3
La ward 2
YOS wnomen MLV #8
- Oil Field it
“
g - urces: Esri, HERE. Delorme, USGS, intef{ap#ricrement P. ourp}zﬁm fapan, METI, Esn China (Hong Kong), Esri {Thaitand). Mapmyindia. ©
J : il Calhoun h ipenStreetMap contributors, and the GIS {ser Communitys
x s =
> T
Ve = TCV Pipeline o P
=m=mzm Pipeline Route 2 Fort Bend, Wharton. and Jackson Counties, Texas h b n = v

Reference: Petra Nova Parish Holdings
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Petra Nova Oilfield Facilities — EOR Operation S miTsuBisHi

INDUSTRIES AMERICA, INC.

CO, captured from Parish Unit 8 is expected to boost oil production from
300 bbls/day to up to 15,000 bbls/day.

West Ranch Field
Central Facilities

* 200 new wells to be
drilled (over 100 now
complete)

* 2 central processing
facilities to separate oil-
CO,-water

* All produced CO, and
water is reinjected into
the formation

nrg- @x

PETRA NOVACarton Capturs

Reference: Petra Nova Parish Holdings
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Petra Nova Project — Operation 2 MITSUBISHI

MH/I’s proprietary control system (ALAC) successfully maintained
stable operation.

CO, Production Flow Rate Trend (72hrs)
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Petra Nova Project — Operation MITSUBISHI

HEAVY INDUSTRIES AMERICA, INC,

Steam Consumption

Steam consumption exceeded expectations and has been consistently
below design.

Steam Consumption Trend (Actual / Design) (72hrs)
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Steam Consumption Trend (steam-ton/CO,-ton) (72hrs)
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Petra Nova Project — Operation 2 MITSUBISHI

World’s largest integrally geared
CO, compressor delivered by

Mitsubishi Compressor.

« 8 stages
« 28,700 hp

CO, Production Pressure Trend (72hrs)

CO2 Discharge Pressure

2500
= 2000 1 Designi 1900{psig
g e - __________ |
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10:00 22:00 10:00 22:00 10:00 22:00 10:00
Day 1 Day 2 Day 3 End
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Petra Nova Project — Operation

MHLI’s proprietary control system (ALAC) smoothly ramps CO,

production from 50% to 100% in less than 1 hour.

Automatic CO, Production Ramp up (50% -> 100%)
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Automatic CO, Production Ramp down (100% -> 50%)
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New Solvent Testing L miTsuBisHI

¥ INDUSTRIES AME

MHI has been investigating new solvents to further reduce the cost of
CO, capture.

New Solvent Testing — Lab Results

Steam Consumption 1 0.92
Solvent Degradation 1 0.53
Solvent Emission 1 0.40

MHI conducted solvent screening in the laboratory and the Nanko pilot plant.
New solvent has achieved lower steam consumption, solvent degradation, and
solvent emissions than KS-1™,

New solvent may require a higher solvent circulation flow rate which increases
electricity consumption.

Benefits appear to outweigh the higher flow rate.



Natural Gas Application S miTsuBisHi

INDUSTRIES AMERICA, INC,

Table 12.1 Carbon Dioxide Emissions From Energy Consumption by
Source

Million Metric Tons of Carbon Dioxide

3,000

1980 1990 2000 2010

— (Coal, Including Coal Coke Net Imports, CO2 Emissions
— Natural Gas, Excluding Supplemental Gaseous Fuels, CO2 Emissions
— Petroleum, Excluding Biofuels, CO2 Emissions

e1a) Source: U.S. Energy Information Administration
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NGCC CO, Capture Application S miTsuBisHI

MHI’'s KM CDR Process® can be successfully applied to NGCC power
plants.

Typical Flue Gas Conditions

Unit Coalfired |\ fired GT
Boiler

CO, Vol.% 10-14 3-4
O, Vol.% 4-6 10 - 15
SOx ppm(dry) 1-50 <0.3
PM (Dust) mg/Nm3 3-10 NA

« KS-1™ has proved resistant to O, degradation despite higher concentration.
« MHI can provide large absorbers to account for lower CO, concentration.

« KM CDR Process® requires fewer treatment systems as a result of the
minimal SOx and dust in flue gas.



NGCC CO, Capture Application L miTsuBISHI

MHI has the capability to investigate advanced NGCC-CO, capture
configurations to consider existing and new assets.

| | Treated
Fuel ! STG i Flue Gas
I .
| v 1 : T
i !
@|i ﬁ I ) |HRSG/| .| co,
>—> >: S S
! Boiler | Capture COZ
GT | |
L. . I _— _. _ 7

4

Fully optimized integration between NGCC and CO, capture can:
« Take advantage of high efficiency gas turbines
« Reduce parasitic load of CO, capture

* Reduce capital cost of CO, capture
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MHI’s Past, Present, and Future )‘mrsum I

Past

« Tested MHI proved viability at multiple R&D facilities.

» Delivered MHI delivered eleven (11) operating commercial
CO, capture plants prior to the Petra Nova Project.

« Scaled-up MHI successfully scaled-up and demonstrated long-
term operation at Alabama Power’s Plant Barry.

Present

 Petra Nova December 2016 — the world’s largest post-
combustion CO, capture project on coal-fired flue gas
(4,776 mtpd) — completes performance testing.

Future

« New Solvents  MHI is developing new solvents to reduce utility
consumption and emissions.

« NGCC MHI is ready to optimize CO, capture for NGCC
applications.
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