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PROJECT OVERVIEW

Future CO, emission regulations may

necessitate CO, reduction plans _
« Brine may be processed and sold to

CCS a viable option in the Rock recover cost of CO, sequestration

Springs Uplift region _ i

 Design, optimize, and compare two
different processes for treating brine

This necessitates displacing brine in : _ :
(which one is least expensive?)

the salt formation with CO,

Carbon Capture and Storage (CCS): A method of reducing carbon dioxide emissions to
the atmosphere by sequestering and injecting it underground into a saline deposit.



PROCESS INTEGRATION
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BRINE PROCESSING OPTIONS: -

Option 1: Concentrate and reinject the brine underground
or

~ Option 2: Concentrate and process the brine to recover lithium and sodium chloride for sale, then
reinject residual brine. "

N bt



DESIGN SPECIFICATIONS AND CONSTRAINTS

 Specifications
 Power plant: 460 tons/hour of CO, emitted, of which : 50% captured and sequestered
* Brine plant: corrosion resistant (87 ppm H,S)

 Lithium: 100 ppm, 90% recovery by concentrating to 25% by volume

 Constraints
« 1:1 ratio of tons of CO, injected to tons of brine displaced
* 99% lithium carbonate purity
* H,S removal =

* Pumping from reservoir



~  PROCESS FLOW DIAGRAM
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STEP 1:
HYDROGEN SULFIDE REMOVAL

Hydrogen sulfide is present in the brine feed at a high concentration of 87ppm.

The pH of the brine feed is 6.4 so the percentage of dissolved HS- will be around 20% and
the rest is H,S.

The chosen option for removing this hydrogen sulfide is chemical oxidation with hydrogen
peroxide:

H,S + H,0, — S (solid precipitate) + 2H,0
Insulated tank to prevent heat loss for following evaporation
Followed by plate and frame filter to remove the formed solid

Y N s s
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STEP 4: LITHIUM CARBONATE RECOVERY
o (ONLY IN OPTION 2 DESIGN)
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DESIGN ALTERNATIVES

Reverse 0smosis

Steam generation from power plant combustion waste heat
Electro-oxidation for H,S removal

Surface discharge of residual brine

Well pump alternative design

Liquid-liquid extraction using a mixer-settler



REVENUE BREAK-DOWN

OPTION 1 TOTAL REVENUE $10,115,473/YEAR OPTION 2 TOTAL REVENUE $15,206,345/YEAR

Hydroxide

Sodium Chiloride
54%

Sodium Chloride
89%




PROFITABILITY ANALYSIS

Item

Option 1 Option 2 (Lithium

Recovery added)

Fixed Capital Investment (2 years) $148MM $165MM

Working Capital (One time) $26 MM $29MM

Start up (One time) $15MM $16.5MM

Revenue/ year $10.1MM $15.2MM

Total Expenses/year $11.9MM $15.9MM

Net Present Value 0 $420MM $500MM

Net Present Value 10 $280MM $340MM

Brine Plant Internal Rate of Return 26% 42%

Cost of brine treatment per ton of CO; $7 /ton CO, $12.40 /ton CO,

captured + injected

>
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CONCLUSIONS

« Option 1 is the better alternative that minimizes the cost of brine treatment during carbon
capture and sequestration in the Rock Springs UpL.ift formation.

* [t is less economically viable to recover lithium using current technology and lithium market
prices.
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SUMMARY

 Break-even points
« Sodium Chloride selling price: $325/ton (5x the current price)
« Lithium Carbonate selling price: $250k/ton (12.5x the current price)

« Since brine processing IS necessary:

« Option 1 is the better alternative until lithium prices reach $65,000/ton (3.25x the current
price)
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ADDITIONAL INFORMATION......

 Slides following this one are just in case they’re needed to answer questions




BRINE FEED INFO i

{
Ih.
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Table 8.1 Analytcal results of measured constituents from the RSU #1 well Table 8.1 (continued)
C Analyses (mg/L. Weber Weber Weber Madison Madison  Madison Amalyses (mg/L.  Weber Weber Weber Madison Madison  Madison
\ unless otherwise Formanon  Formanon Formaton  Limestone Limestone Limestone unless otherwise Formation Fommation Formation Limestone — Limestone Limestone
mdicated) Energy Labs Core Labs  Energy Energy Labs Core Labs  Energy indicated) Energy Labs Core Labs Energy Energy Labs Core Labs Energy
08/27/2011 08/27/2011 Labs 08/27/2011 08/27/2011 Labs 08/27/2011 08/27/2011 Labs 08/27/2011 08/27/2011 Labs
12/14/12 12/03/12 12014712 12/03/12
Alicrobiological Physical .
i ) 0 ’ " o BB S gen 2420 — o120 1940 -
Major Ions pH 7.54 7.11 6.46 7.36 6.01 6.43
A‘::’a'g-o““’ 509 - 3030 1170 - 2620 DS 89.800 119.155  109.000 75.000 95.126 89,800
- 3 _ -

Carbonate as CO, ND 0 ND ND 0 ND g:}d]::m adsorp- gg; _ ;;g ;ggz _ fa:
Bicarbonate as 621 720 3690 1420 1610 3190 tion ratio

HCO, Metals
Calcium 734 705 539 1190 1280 1630 Ahemimam ND 3.5 ™ND ™ND» 1.9
Chlonde 60,900 61.830 57,400 50,300 52,290 51,600 Arsenic o.005 _ 0.444 1.76 _ 0376
Flounde 11.5 84 6.1 35 13 2.8 Barimm ND ND 143 1 ND 4.48
Magnesium 37 40 45 158 170 195 Beryllium ND — 0.007 ™D - 0.037
Nitrogen, Amuno- 33.4 - 331 42 - 39 Bismuth — — 0.02 — — 0.02

nia as N Boron 61.1 — T1.8 952 — 101
Nitrogen. 0.1 ND ND ND ND 0.1 Borate — 81 — 120 —

Natrate + Nitrite Bromide — O4 Q0 — 115 140

as N Cadmaitm ™ND ND 0006 ND ND» ND
Nitrogen, Nitrite ND ND ND ND ND ND Chromium ™ND ND 0.61 0.06 ND 0.576

as N Cobalt 0.02 ND 0.019 ™D MND 0,009
Phosphate - ND - = ND - Copper TNy ND 13.6 ND ND 135
Potassium - 1940 1910 - 4210 3780 TIodide — ™ND» 2 — ND ™ND
Silicon - 26 452 - i6 595 Iron 094 22 441 0.54 8.1 322
Sodium 40,700 43.250 36.500 29,000 32,820 27.900 Lead WD ND 291 ND ND 0.305
Strontivm - 26 14 - 67 Lithinun o2 8 100 0.5 o919 105 Q1.6
Sulfate 11.600 10.320 6030 2800 2280 1820 Manganese 0.07 0.07 0777 012 035 776
Non-Metals Mercury ND = 0.0006 ND
Dissolved inor- 144 - 786 355 - 724 - ND

gamc carbon ND ND
Dissolved organmic 2.9 - 4.5 1 - 4.4 - ND

carbon 0.0004 -
Total organic 2.7 - 4.7 1 - 45 ND -

carbon - -
UV Absorbance  0.92 - 1.99 0.558 - 128 dy1p, -

at 254 nm -

(em™)
Total recoverable 0.61 - 0.16 0.05 - 0.7

phenolics
Total cyamde ND - 0.098 ND - 0339
Sulfide 0.04 120 28 0 82
Sulfide as hydro- 0.04 - 127 29 - 87

gen sulfide
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ECONOMICS: CAPITAL COST

Type Name Option 1 Option 2
Well Pump P1 $16,100 $16,100
Pretreatment: Plate & Frame Filter F1 $34,080 $34,080
Pretreatment: Large Insulated Tank Tl $2,156,400 $2,156,400
Crystallizers: Draft Tube Baffle CRY 1, CRY 2, CRY3 - $2,625,000
Dryers D1,D2,D3,D4 $45,000 45,000
Evaporators, falling film (combined EVP1,EVP2, EVP3 $7,944,800 $7,944,800
cost)
Centrifuges C1,C2,C3,C4 $65,000 $110,000
Evaporative Crystallizer (estimated as E-C $19,085,170 $19,085,170
forced circulation evaporator)
Conveyer belts Conveyors 1 x $25,875 4 x $25,875
Liquid-Liquid Extraction Column Coll - $700,000
FOB - $29,366,325 $32,813,950
Installation & Auxiliaries Factor - 5.03 5.03
Total Installed FCI - $147,712,614 $165,054,168

>
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“ECONOMICS: OPERATING COSTS ($/YR)~

Item Option 1 Option 2 Basis
Utilities $391,045 $391,045 Steam at 0.43 $ per 1000Ib
Labor $550,000 $1,100,000 2 & 4 men/shift at 20$/hour
Maintenance $5,908,504 | $6,602,166 4% FCI
Plant Overhead $220,000 $440,000 40% of labor
Taxes and Insurance $4,431,378 | $4,951,625 3%FClI
Raw Materials $380,340 $2,458,987 Prices in Table 12
Total $11,881,267 | $15,943,823

Prices of raw material;

- Soda Ash: $150/ton

- Calcium Hydroxide: $21.2/ton

- Sodium hypochlorite Pellets: $100/50lbs
- Granulated Activated Carbon: $750/ton
- Di-2-ethylhexylphosphoric acid: $700/ton

Cost of Steam Calculation:
Low.Press= High.Press — 1000 x aE x (HSH —

HSL)/3413mTmG

aE = electrical power cost, $0.1/kWh
H*SL- enthalpy of low-pressure steam Btu/lb
|sentrop|c fficiency of steam turbine

fflcienwaional

nG gener

At

A\
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STREAM TABLES

Table 7. Stream table for Option 1.

Mass Flow (W Streams Tank 1 Filter 1 Evaporator 1

Component 1-Brine-in 15-H202-In 3-T1-Out 31-F1-Filt 29-F1-Out 14-Steam-1 16-Steam-2 | 4-Brine-Out
Total Brine 227831.78 - 227831.78 - 227319.96 - - 179123.84
Water 208458.39 - 208478.08 - 208558.01 - - 160363.18
Steam = - - = - 50000 48156.12 =
Cas(BOs)2 355.25 - 355.25 - 355.25 - - 256.58
Cas(BOs): (s) - - - - - - - 98.67
CaCo0s 593.04 1.29 129 - 1.29 - - 0.99

CaCos (s)

591.75

0.30

CaCl;

52441

524 41

524 41

H2S

H20;

1631.44

el

22.64

MeCl:

17291

| Macl

16054.01




STREAM TABLES

Table 7. cont. Stream table for Option 1.

Mass Flow (kg/hr) Evaporator 2 Evaporator 3 gwcw 4 Centrifuge 1
Component 17-Steam-3 5-Brine-Out 18-Steam-4 6-Brine-Out 19-Steam-5 30-Brine-Out 21-Nacl (s) 7-Reinject
Total Brine - 130415.89 - 81707.95 - 33000.00 407 .64 19413.30
Water - 111655.23 = 6330254 = 14238.05 33454 13903.11
Steam 48707.95 - 48707.95 - 48707.95 - - -
Cas(BOs)2 - 178.65 - 101.28 - 52.75 4.39 48.37
Ca3(BOs)a (s) > 176.61 - 253.97 - 302.5 302.50 >
CaCoy - 0.69 - 0.39 - 0.09 0.0011 0.087
CaCo;s (s) - 0.89 - 0.90 = 1.20 1.20 =

CaCly

524 .41

52441

524.41

6.48

HaS

1631.44

1631.44

20.15

1611.29

| Lig

22.64

2264

0.28

22.36

MgCh

172.91

172.91

2,14

170.77

16054.01

3178.65

39.27

3139.38

12875.36

12875.36

o<




STREAM TABLES

Table 8. Stream table for Option 2.

Mass Flow (kg/hr) Pump 1 Tank 1 Filter 1 Evaporator 1 Evaporator 2
Component 1-Raw Brine | 15-H;0xIn 3-T1-Out 31-F1-Filt 29-F1-Out 14-Steam-1 | 16-Steam-2 | 4-Brine-Out 17-Steam-3 | S5-Brine-Out
Total Brine 207119.80 - 207119.80 - 206654 51 - - 162839.85 - 118559.90
Water 189507.63 - 189525.53 - 189598 19 - - 145784.71 - 101504.76
Steam = = = = = 50000.00 43814.66 = 4427985 =
BO; = = - - = - = = = -
Cas(BOs)2 322.96 - 322.96 = 32256 = = 233.26 = 162.41
Cai(BOs): (s) - - - - - - - 89.70 - 160.55
CaC03 539.13 1.17 1.17 - 117 - - 0.80 - 0.63
CaCo0; (s) - 537.96 537.96 537.96 - - - 0.27 - 0.73
CaClz 476.74 - 476.74 - 476.74 - - 476.74 - 476.74
Ca{OH)a(s) < S = = = 5 > 2 = 5
H20: - 71,61 - - - - - - - -

HaS

| KCl

1483.13

Li2CO3

LixCO;3 (s)

| Lict

MgCl

| Mg(OH):

Mg(OH): (s)

Na:COs (s)

Nacl

1458455

1459455

14554 55

1458455

1459455

| Nacl (s)

S3(s)

16.85




STREAM TABLES

Table 8, cont. Stream table for Option 2.

Mass Flow (kg_/lg) Evaporator 3 ng!Cry Centrifuge 1 Crystallizer 1

Component 18-Steam-4 | 6-Brine-Out | 19-Steam-5 | 30-Brine-Out | 21-NaCl(s) | 7-Brine-Out 7-Ca(OH)2 Mg-Slurry 8-Brine Out
Total Brine - 74278.95 - 30000.00 371.07 17632 33 - 236.47 17422.08
Water = 57547786 = 1254368 30474 1263824 = 169.61 12469.34
Steam 44279 .95 - 4427995 - - - - - -
BO: = = = = = = = = E
Cas(BOs)2 = S52.08 = 20.46 399 16.456 = 0.22 16.24
Cas(BOs)2 (s) - 230.88 - 302.50 302.50 - - - -
CacCo0y - 0.36 - 0.08 0.00 0.08 - 0.001 0.08
CaCoas (s) - 0.81 > 1.09 1.09 = - = -
CacClz - 476.74 - 476.74 590 470.84 = 8.68 64312
Ca(OH)z(s) - - - - - - 120.81 - -
H202 = = = = = = = = =

Ha2S

| xcl

1464.78

LizCO3

Li2COs (s)

| 8O

MgClz

| mg(om:

Mg(OH): (s)

Na:COs (s)

| MaCl

1459455

2501.54

35.89

2865.65

NacCl (s)

11693.01

11653.01

Ss (s)




STREAM TABLES

Table 8, cont. Stream table for Option 2.

Mass Flow (kg/hr) Centrifuge 2 Crystallizer 2 Centrifuge 3 Liquid Liquid
Component 22-Mg(OH)2 (s) 32-Brine Out 37-NaxCO; Ca-Slurry 9-Brine Out 23-CaCO; (s) 33-Brine Out 13-Extract 10-Brine Out
Total Brine 2.84 233.63 - 1520.38 16171.18 18.81 1501.57 - 17672.20
Water 2.04 167.57 = 1099.22 11537.68 13.60 1085.63 = 12608.85
Steam = = = = = = = = =
BO3 - = - 0.69 7.65 0.01 0.68 = 8.34
Cay(BOs)2 0.002 0.22 - - - - - - -
Cay(BO1): (s) = = = S = = = - =
CaCos 0.00001 0.001 - 0.01 0.07 0.0001 0.01 0.07 0.004
CaCos (s) = = = 608.11 = 608.11 = = =
CaClz 0.10 8.58 = ~ = - = ~ =
Ca(OH): (s) - - - - - - - - -

H202

1342.87

Mg(OH)2

Mg{OH)a (s)

NaxCOs (s)

| Mol

3278.27

3571.64

| Nacl (s)

Sa(s)




STREAM TABLES

Table 8, cont. Stream table for Option 2.

Mass Flow (kg/hr) Crystallizer 3 Centrifuge 4 Reinjected
Component 38-Na,CO3 34-Slurry 11-Brine Out 24-1i,CO3 (s) 39-Brine Out 11-Brine Out
Total Brine - 4423 17635.66 1.33 42 90 17678.56
Water - 3163 12577.22 0.9s 30 68 12607.90
Steam - - - - ~ -

BO3 - 0.02 832 0.00z 0.02 8.34
Ca3(BO3), = = = > = -
Caz(BO3); (s) = = = = = —
CaCo3 - ©.000C1 0.004 ©.0000003 C.000009 C.0c4
CacCo3 (s} ~ = = = = =
Cadz == = - = - -
Ca(OH), (s) = = = = = =

HO,

HLS

KCI

1459 39

Li;CO3

O.18

Li;CO3 (s)

Lc

Mgcl 2

Mg{OH),

Mg(OH); (s)

NaCOs3 (s)

Nacl

Nacl (s)

S3 (s)




WELL PUMP CURVES
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ASPEN SIMULATION OF EVAPORATORS
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CHOICE OF MATERIALS

PREN vs Relative Cost Ratio (316L=1.0) PREN vs Relative Cost Ratio (304L=1.0)

®3161=1.0 ®3041=1.0

3 3 4 5
Relative Cost Ratio (316L=1.0) Relative Cost Ratio (304L=1.0)
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BEST AVAILABLE CONTROL TECHNOLOGIES

e’

Cost Effectiveness
(2006%/ton)**

Emission Reduction

- A
Measure Name Control Efficiency (%)

Source Category

Mineral Products - Dry Electrostatic 95 $156 per ton PM10
Miscellaneous Mineral | Precipitator (ESP) -

Production Operations | Wire Plate Type
Mineral Products - Dry Electrostatic 99.5

Miscellaneous Mineral | Precipitator (ESP) -
Production Operations | Wire Plate Type

Mineral Products - Fabric Filter 99 $147-$186 per ton
Miscellaneous Mineral PM10
Production Operations

Mineral Products - Paper/Nonwoven 99 $179 per ton PM10
Miscellaneous Mineral | Filters - Cartridge

Production Operations | Collector Type

Mineral Products - Wet Electrostatic 95
Miscellaneous Mineral | Precipitator (ESP) -
Production Operations | Wire Plate Type

Mineral Products - Wet Electrostatic 99.5
Miscellaneous Mineral | Precipitator (ESP) -
Production Operations | Wire Plate Type

* when less than 99%, control efficiencies were rounded up to the closest whole number. They
are for PM2.5, unless specified otherwise

** cost-effectiveness numbers are per ton PM2.5 reduced, unless specified otherwise

A\

$313 per ton PM10

N/



