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Disclaimer

This study report was prepared by Nexant under a contract with the World Bank. Neither Nexant nor any
of its employees or team members make any warranty, express or implied, or assume any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represent that its use would not infringe upon privately own rights. Reference
herein to any specific commercial process, product or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by any
entity identified herein.

The Technology Evaluation Study, was performed, in part, based on information that was provided to
Nexant under the terms of Non-Disclosure Agreements with several technology licensors. No third-party
proprietary information and/or data are directly revealed in the report. In performing the study, Nexant
had to adjust some of the data and fill in any missing information, thus rendering the study results and
conclusions as only Nexant’s interpretation of the technologies.

While it is believed that the information contained in this report will be reliable under the conditions and
subject to the limitations set forth herein, Nexant cannot guarantee the accuracy thereof. The views and
opinions expressed herein and, in particular, in the documentation that constitute this study are
specifically those of the authors of this study. The use of this report or any information contained therein
shall be at the user’s own risk.
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Project Background

As part of the overall World Bank funded effort to develop capacity for carbon capture,
utilization and storage technology (CCUS) in Mexico, the Nexant Team was tasked to perform a
feasibility study to:

> Task 1: Evaluate and recommend the most appropriate commercially- available post-
combustion CO, capture technology for NGCC power plants in Mexico, and

» Task 2: Develop a conceptual design for a CO, capture pilot plant to be located at the 250
MW Poza Rica generation station in the state of Veracruz

The conceptual design would lead to a next phase (Phase Il) of the project to develop a Front

End Engineering Design (FEED) package for the capture pilot plant.

Current presentation will only cover the Task 1 work scope and results. A copy of the entire
report can be found on the SENER website at -
http://www.gob.mx/sener/en/documentos/pre-feasibility-study-for-establishing-a-carbon-

capture-pilot-plant-in-mexico?idiom=en
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Technology Roadmap for CCUS in Power Plants
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Task 1 — Approach and Activities Performed

Site Selection:

1 250MW Poza Rica NGCC Generating Station, located in State of Veracruz
(1 Preliminary site and plant data provided by CFE

Obtain data from CO, Capture Technology Providers:

 Study will only focus on post-combustion CO, capture (PCC)

O World Bank/SENER’s interest in near-term technology deployment

O Advanced amine-based absorption process for PCC nearest to
commercialization

 Prepared and issued “Request for Information” (RFI) to ten (10)

technology developers/vendors; Six (6) agreed to participate in the

study.
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Task 1 — Approach and Activities Performed

Site Selection:

1 250MW Poza Rica NGCC Generating Station, located in State of Veracruz
(1 Preliminary site and plant data provided by CFE

Obtain data from CO, Capture Technology Providers:

= Alstom Advanced Amine Process
= BASF/Linde

" Fluor

= HTC

= MHI

= Shell Cansolv
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Task 1 — Approach and Activities Performed (Cont’d)

Design Basis:
(] Established based on Poza Rica NGCC battery limit data

[ Consistent interface information is provided to participating PCC
technology vendors

4 85% CO, capture rate

Pre-PCC Power Plant Simulation:
(] Developed Thermoflex model of existing Poza Rica NGCC

Reference PCC Design:

J Established a full-size generic amine (30 wt% MEA) PCC plant design
for Poza Rica NGCC
O Estimated cost and overall power plant performance

O Serve as the reference CO, capture case for comparison with
proprietary PCC technologies
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Task 1 — Approach and Activities Performed (Cont’d)

Integrated NGCC/Full-Scale Advanced Amine PCC Technology

Cases:

J Used PCC technology providers’ RFl questionnaire responses as inputs
into model

O
O
O
O

Recovered CO, conditions

Steam conditions and consumption rates
PCC power consumption

Capital costs

] Evaluated cost and performance for the six cases among one another
and with the Reference PCC design

1 Performed Cost of Electricity (COE) calculation consistent with DOE-NETL
methodology



O Nexant
Poza Rica NGCC/PCC Division of Responsibilities
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NGCC Plant with Full-Scale PCC -

Pre- & Post-PCC Retrofit HRSG/Steam Turbine Configuration
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NGCC Plant with Full-Scale PCC -

Pre- & Post-PCC Retrofit HRSG/Steam Turbine Configuration
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NGCC Plant with Full-Scale PCC - ¢ Nexanr
Pre- & Post-PCC Cooling Tower Arrangement

Existing Cooling Tower #1

dvd

0, |

Surface Condenser

0, |

Surface Condenser

N\

Existing Cooling Tower #2

v

N

Existing Cooling Tower #3 J
Larger 6-cell CT allows @ STG #3

NGCC to operate with 2 or 3 Surface Condenser

STGs when PCCis in service _ .
| |
H New Cooling Tower - ____|.____.=
1 ) s sl Y AT " T " Ca : ‘™ !
== - /‘{'J- /‘{'_l- /,‘{'J- /,‘{'J- /,‘{'J- /,‘{' i—---'"“‘i"’i Pee i

N SO (CCO KL KCiaf Al 1 Plant |

12



. O Nexanr
Poza Rica NGCC Reference (30 wt% MEA) CO, Capture

Plant Flow Diagram

- = - -— e aew

Pt Gl L=¥] e Cami L imda LEala s Vi A e LR e Ae ddLARe e i F ey ik el EW -t Ly tam caa
- ek ki Fre ™ 3= A g E=1 S et F=a L T L* L= Ly . = 3 aa A LY Sram Vad i
[e— Baw D G - Brage  emia Sam iy

. F =
©H R e e SR T e e - A e wd T
b B | ki L T ReRTE ke ISR R BT LB FE Ve OV T S PRI B 4 E1 2T Bary Ty
s et e i P e i, 1. i W i, Sl sl e el [ ia San Baue
e e - pa awa P G e ————
o b A A B Gl ol FURE P

D i = ol e e PN ELTORT Sy SEL P G L TS e

L - - .
amn B B -
"] = am - s ma - o —im . - ——— i o M gAsT
P i i e | sam e mma] se =] ameim| 8w B et mmgrion e e s e i ey il g b i sl 4%%
Pos S 8 Cacil i g i i o i T i =) A - . -
Foacs mies o oy ..E :?l -.3 B ujl um
= = [ e ==

13




ompression

O Nexanr

& Dehydration Plant Flow Diagram
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Aerial View of Conceptual Poza Rica NGCC w/ Generic 30 wiplVexant
MEA PCC
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Aerial View of Conceptual Poza Rica NGCC w/ Generic 30 wiplNexanr
MEA PCC
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Task 1 Findings: Full-Scale Poza Rica NGCC PCC Retrofit Performance

Evaluation (All Licensors @ 85% CO, Capture)

Generic
Auor[See | HTC Shell
See Note 1 No PCC m;w;ﬁ. Alstom BASF woind | £ M ey

NGOC OO2 Emissions, STPD 252 380 %2 379 379 38 =1 377

Recovered CO2 Product, STPD 0 212 2170 2153 2153 2151 2151 2155

% 002 Capture 0 85% 867, 857, 85, 857, 85, &%

' “mm *f:' MW All shov performance improvement overt MEA
Gas Turbine Gross Output 166.6 166.6 166.6 166.6 166.6 166.6 166.6 166.6
Steam Turbine Gross Output 825 396 49.6 494 480 86.7 492 49.4
Back Pressure Turbine 0 26 | 166 | 167 | w4 | w1 | 168 | 167

Total Gross Output 2491 227.8 228 207 220 231.3 2326 207
Awpdliary Consumption
Existing NGCC Plant Parasitic Loads 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2
Flue Gas Blower 0 88 8.8 88 8.8 a8 8.8 a8
POC + OO Compression + Plant Mods | 0 61 | w3 | a1 | w0 | mo | 157 | m2
Total New PCC Parasitic Load 7.2 320 333 301 320 209 317 0.1
Net Pover Plant Export, MW 241.9 195.8 1995 22.6 200.0 201.4 2009 2025
A Plant Bxport, MWW 46.1 424 303 4.9 405 4.0 303
% Plant Export Reduction 191% | 75 | 462 | arzn | e | aeen | e3%
Net Plant Heat Rate, Btu/kiVh 6,584 8,134 7.984 7.860 7,962 7.907 7.9% 7.862
Net Plant Efficiency, % LHV 51.8 420 427 434 429 5.2 431 5.4
Incremental Water Import, gpm 0 406 808 454 455 K| 676 M7

Note 1 - Values presented here are Nexant's interpretation of the data provided by the PCC licensors.
Mote 2 - Fluor provided information for CO, capture rate of 90%. Nexant adjusted Fluor’s performance to 85% to be consistent with the design basis
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Task 1 Findings: Full-Scale Poza Rica NGCC PCC Retrofit

Economic Evaluation (All Licensors @ 85% CO, Capture)

Estimated Post-Combustion CO2 Capture Costs
Generic 30%
Incremental Costs to Poza Rica MEA PCC HTC
NGCC without CO2 Capture [Note 1] Design Alstom BASF / Linde Fluor Purenergy MHI Shell CanSolv
CAPEX Estimate, SMM US USGC
PCC Plant + CO2 Compression
[Note 2] 181.4 234.7 187.7 174.0 194.5 178.8 194.9
Flue Gas Blower 14.2 14.2 14.2 14.2 14.2 14.2 14.2
Poza Rica Plant Modifications 32.8 324 30.4 314 29.1 30.9 30.4
TOTAL 228.4 281.4 232.3 219.7 237.8 223.9 239.5
O&M Estimate, SMM US
Variable Costs [Note 3] 7.6 7.6 7.6 7.5 7.3 7.5 7.5
Fixed Costs 11.0 13.3 11.1 10.9 11.4 10.8 11.6
TOTAL 18.5 21.0 18.7 18.4 18.7 18.3 19.1
Estimated Cost of Electricity (COE),
$/MWh [Note 4] 37.6 41.4 35.3 35.0 36.2 35.1 36.0

Note 1 - Values presented here are Nexant’s interpretation of the data provided by the PCC licensors.

Note 2 - All except Nexant 'Generic 30% MEA Design' are based on vendor-provided data, which are considered proprietary.
Note 3 - Major component is the amine replacement costs, which are considered proprietary.

Note 4 - Incremental to estimated existing Poza Rica NGCC COE of $40.69/MWhr
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Task 1 Findings: Full-Scale Poza Rica NGCC PCC Retrofit

COEs for 85% CO, Capture

45 B COEs estimated based on data provided by PCC licensor
B COE estimated based on Nexant’s in-house MEA data

o No one particular licensor-based PCC technology
g stands out at this level of accuracy
wr
w 35 -
()
o
s
3
£
o
£ 30 -

25 -

MEA Alstom BASF Fluor HTC Purenergy MHI Shell CanSolv
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Task 1 — Conclusions

] Retrofitting Poza Rica with PCC can incur significant thermal penalty to
the plant

e ~19% reduction in the net MW plant output based on current state-of-the-art 30% MEA
amine capture technology

 All six proprietary PCC technologies evaluated show slight improvement
in performance, 16%-18% reduction in power export vs 19% for MEA

U Estimated incremental capital cost for retrofitting Poza Rica for CO,
capture is between $224 to $282MM US -

» Estimated CAPEX based on the study design of a 30% MEA amine capture is about $228MM
of which breakdown as follows:

O Amine CO, capture plant 62%
0 CO, compression plant 18%
O Flue gas blower 6%

0 NGCC plant modification 14%

] Estimated incremental O&M cost is between $18.3 to $21.0MM per
year.
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Task 1 — Conclusions (Cont’)

J Within the accuracy of the data provided, the performance of all six
technologies are reasonable and comparable; no one technology is ‘head
and shoulders’ above the rest

 Pilot plant testing would be needed to independently validate the
claimed performances, in order to make sound choice of technology for
large-scale commercial deployment

(] Decided on an MEA-based pilot plant with design flexibility
O Discussed in Task 2 of the World Bank report
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Full Report

http://www.gob.mx/sener/en/documentos/pre-feasibility-study-for-establishing-a-
carbon-capture-pilot-plant-in-mexico?idiom=en

Report No: AUSESTS - 2

United Mexican States

MX TF Carbon Capture, Utilization and Storage
Development in Mexico

Pre-Feasibility Study for Establishing a Carbon Capture Pilot Plant in
Mexico

May 18, 2016

GEED4
LATIN AMERICA AND CARIBBEAN
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Thank you!

Questions?
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