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WHAT IS LAKE CHARLES
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LAKE CHARLES METHANOL

KEY PROJECT FACTS
v UP TO $2 BILLION IN LOAN GUARANTEES

1T  IST 15T LARGEST

v LPO’S FIRST «+ NATION’S v WORLD’S v WORLD’S

Advanced Fossil FIRST FIRST LARGEST
Energy Project Petcoke Methanol Facility Industrial
Under its -to-Methanol to Employ Manufacturing
Title XVII Program Facility Carbon Capture Carbon Capture
Technology Facility

1 U.S. DEPARTMENT OF ENERGY

~ LOAN PROGRAMS OFFICE energy.gov/Ipo



U.S. regional refinery
capacity and complexity
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Figure 4: The growth in petcoke production capacity at U.S. refinerios, =
180
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CRACKING

Example: Cracking Butane

AG=AH®-TAS®

14% CH3‘CH2‘CH2—CH3 — CH2=CH_CH2_CH3 + H2



TWO GRA

DES OF PETCOKE

Table |. Petcoke Elemental Composition

By Weight Percent

Composition Green Calcined
Carbon 89.58-91.80 98.40
Hydrogen 3.71-5.04 0.14
Oxygen 1.30-2.14 0.02
Nitrogen 0.95-1.20 0.22
Sulfur 1.29-3.42 1.20
Ash (including heavy metals 0.19-0.35 0.35
such as nickel and vanadium)

Carbon-Hydrogen Ratio 18:1-24:| 910:1

Source: U.S. Environmental Protection Agency, Screening-Level Hazard Characterization, Petroleum Coke
Category, June 201 |; and H.W. Nelson, Petroleum Coke Handling Problems, 1970.

Notes: The process of “calcining” converts green coke to almost pure carbon, with a defined structure to

produce carbon anodes for the aluminum industry.

http://www.nam.org/CRSreport/




Figure 2. World Petcoke Use
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Source: American Fuel & Petrochemical Manufacturers

http://carnegietsinghua.org/2015/05/31/managing-china-s-petcoke-problem-pub-60023

Figure 3. U.S. Crude Imports From Canada and U.S. Petcoke Exports
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GASIFICATION

Coal Slurry Coal Slurry

Oxygen

Water Return

3C (i.e., petcoke) + O, + H,O — H, + 3CO (aka syngas)

Water Exit

https://www.netl.doe.gov/research/coal/energy-systems/gasification/gasifipedia/ecust



METHANOL PRODUCTION

Gasifier Sour shift Acid gas Synthesis Methe
remaoval gas purification syx‘lt"es S
( xygen
: = Siean
Coa
E
L(‘ 2 H2 +CO — CH3OH
CO, + 3 H, = CH,OH + H,0
CO + H,0 — CO2 + H,
Sour shift nthesis gas purification Methanol synthesis
* * _s
0+HO == (0, +H, E°€.z’lé’ i‘fﬁ,?siﬁé 0, +3H, = CHOH+HO

| M ] W

http://www.jmcatalysts.cn/en/syngas-catalystproducts-methanol-coal.htm



Methanol In Our Lives

Methanol

Urathens Foars

carrer
Reformulated gasoline
- MTBE

Primary Derivatives Derivatives Diverse Demaad Drivers.
FORMALDEHYDE Urea formaldehyde Renovation, new bullding sctivity,
rd
1 Abutanediol substitution for solid wood, changing
Acetal Resins ‘wood panel mix, growth In high technology
chemicals.
ACETIC ACID
Terephthalic acki legisiation, packaging trends, growth I
Solvent esters o
CLEAN FUELS Methanolwater blends | Demand fo
- fuel cell "Rycirogen- emntronment, clean alr leglslative geals,
g aqummpsdm?:m \erts

(€. lead, aromatics), safety u'::v‘lne
performance.

OTHER

Metbyl methacrylate

Tetal chemical production, general

c

Direct use

pressures.

http://www.methanol.org/chemical/

WHAI ARE THEY

Hydrogen

ammonia

53% | L R S -

rts

methanol

7%

http://www.essentialchemicalindustry.org

DOING WITH [Te

Sulfuric Acid

phosphates

metal processing

phosphate fertilizers
50%

fibres

hydrofluoric acid
7q paints, pigments
pulp, paper

[

/chemicals/sulfuric-acid.html

http://www.essentialchemicalindustry.org/chemicals/hydrogen.html



WHAT ABOUT THE CO2¢

Gasifier Sour shift Acid gas Synthesis Methanol
removal gas purification synthesis

v WORLD’S
FIRST

Methanol Facility

to Employ
Carbon Capture
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WHAT IS EOR?

Production Well

Remaining Oil Primary

Seconda
(Waterflood

~18%

2 i iecivle  Oil
Vhsiat SS}-, Bank

EE s ars et N 5 s Tertiary
e =2 = | ; (CO, EOR)
~17%
Injected CO; COy and OMl expands and moves
encounters trapped ol ol mix towards producing well

https://www.energy.gov/fe/science-innovation/oil-gas-research/enhanced-oil-recovery



ECONOMICS OF CARBON
CAPTURE AND SEQUESTRATION

Cost per tonne of CO, avoided

$100.00

$90.00
Activity Cost (USD/t CO,) Uncertainties
$80.00
$7000 CO; capture 5 to 50 (current) Low end for pure streams that only need compression;
(including compression) 5 to 30 (future) high end for chemical absorption from gas-fired
§ 56000 combined cycles
€ uone CO; transportation 21020 Depends on scale and distance
H CO: injection 21050 Low end for Mt size aquifer storage;
g s high end for certain ECBM projects
o300 CO; revenues 55t00 No benefits for aguifers; highest benefits
for certain EOR projects
e Total 40 to 100
e http://ccs-info.org/onewebmedia/iea_oecd_ccs_prospects.pdf
so00

Amre S50 | Subl | SC ST (SubC| SC | USC | CFs ST [ SubC ST | SC SC | OXY | Cxy GLRG GLQ GIRG| CoP | Shell GIRG) GLQ | Shed | Cob
oxy oxy

DOE | MIT | MIT | MIT | MIT | MIT | MIT | MIT | MIT Rubin| NETL NETL| EPRI SFA | MIT | SFA | MIT |Rubin/ NETL | NETL | NETL| EPRI | EPRI | EPRI | EPRI

www.globalccsinstitute.com/files/publications/119726/cost-analysis-ccs-latrobe-valley.pdf



CO2 SEQUESTRATION PER DOLLAR

Lake Charles Methanol Solar

Project Cost $3.8 Billion Project Cost

Oil Production through EOR
CO2 Sequestered by EOR

Total CO2 sequestered
Sequestration per dollar
CO2 Release from Qll

Net Sequestration

Net Sequestration per
dollar

4.5 million b/year Cost of Solar
0.16 - 0.62 t/barrel Energy Produced per Watt

0.72 - 2.8 Mt/year Total Energy Production

0.19 - 0.74 mt/year/$ CO2 emissions from fossil fuels
0.44 t/barrel Total emissions saved

-1.26 — 0.81 Mt/year Sequestration per dollar
-0.33-0.21 mt/year/$

$3.8 Billion
~1 $/W
1.5 kWh/W/year

5.7 TWh/year
0.9 kg/kWh
5.1 Mt/year
1.3 mt/year/$




« “With power, CCS is one of the options, there's also renewable energy and
nuclear energy,” said Kurt Waltzer, managing director of the Clean Air Task
Force, an environmental group that supports CCS. “But for the industrial
sources, in many cases, CCS is really our current best option to reduce
emissions. So getting more industrial CCS projects up and running sets an
important precedent.”

* “While there is still time, we fully infend to push back and make sure that
taxpayers aren’t left on the hook for another fossil-friendly boondoggle,” said
Lukas Ross, campaigner on climate change and energy for Friends of the
Earth, in a statement.



CONCLUSIONS AN

D

DISCUSSION

« What are the benefits and drawbacks of this projecte

* |s this a good thing for the government to support, or a boondoggle

for the fossil fuel industry?

« Will they be able to raise the $1.8 Billion more to make the project @

realitye



