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Section 1 Executive Summary

1.1 MARKET ANALYSIS
1.1.1 United States
1.1.1.1 Sulfur

Sulfur is a large volume chemical with a wide range of markets. The largest market, accounting
for 60 percent of domestic sulfur demand, is the production of phosphate fertilizers. The
petroleum refining and metal mining industries used approximately 25 and 3 percent,
respectively. The remaining 12 percent of United States sulfur demand was used for various
industrial products that require sulfur in different stages of their manufacturing process.

Table 1.1 summarizes historical and forecast U.S. sulfur supply and demand. Demand totaled
12.8 million metric tons in 2008, but has declined sharply in 2009. Except for the increase in
2008, demand has been declining since 2000. It is projected to rebound from the current
depressed level but decline modestly beyond 2015.

Over 90 percent of domestic U.S. sulfur supply is sulfur recovered during oil refining. The
balance is sulfur recovered from natural gas. U.S. sulfur supply is forecast to increase about 0.7
percent per year to 2030. Increased recovery of domestic elemental sulfur production from
petroleum refineries is expected to drive growth in future supply, reflecting modest increases in
refinery throughput as well as a projected increase in the average sulfur content of crude oil
processes in United States refineries.

The U.S. is a net importer of sulfur and is projected to remain in that position over the forecast
period.

Table 1.1 United States Sulfur Supply and Demand Balance
Thousand Metric Tons

Actual Est. Forecast AAGR, %
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Supply 10,500 9,500 9,050 9,090 9,200 9,228 9,135 9,675 9,974 10,282 10,600 -1.4% 0.7% 0.6%
Demand 12,700 12,400 12,000 11,900 12,800 10,971 10,663 11,940 11,775 11,612 11,451 -1.6% -1.0% -0.3%

NetTrade  (2,200) (2,900) (2,950) (2,810) (3,600) (1,744) (1528) (2,265) (1,801) (1,330) (852)

1.1.1.2  Sulfuric Acid

Sulfuric acid is the single most widely used chemical in the world today. It has uses as a
reactant, catalyst, and for pH adjustment. Table 1.2 presents the range of end uses for sulfuric
acid. Sulfuric acid is a key component in the manufacture of a wide range of products,
especially phosphate fertilizers. Agricultural chemicals, mainly fertilizers, consumed about 70
percent of domestic sulfuric acid demand. The petroleum refining and metal mining industries
used approximately 10 percent, combined.
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Section 1 Executive Summary

Table 1.2 Sulfuric Acid End Uses

End Use %
Phosphoric Acid and Fertilizer Production 70
Copper Leaching 5
Petroleum Alkylation 4
Pulp and Paper 3
Ammonium Sulfate 2
Aluminum Sulfate 1
Other 15

The U.S. is the world’s largest sulfur and sulfuric acid producing country. Sulfur supply
declined over the 2000 to 2008 period due to the demise of sulfur recovery from Frasche mining.
With the exception of 2001 and 2003-2005, sulfuric acid supply in the United States has
generally been in the range of 32.5-33 million metric tons. The years 2003-2005 experienced
supply in excess of 35 million metric tons, following supply of 31 million metric tons in 2001,
caused by the economic downturn following the September 11th terrorist attacks. Future supply
is forecast to decline over the forecast period at the same rate as demand with the exception of
the additional capacity brought online by the Taylorville Project during 2014.

As presented in Table 1.3, the United States is a significant net importer of sulfuric acid,
primarily from Canada, Mexico, and Venezuela, and is expected to remain a net importer in the
future. Approximately 10 percent of sulfuric acid used for domestic consumption comes from
imports.

Table 1.3 United States Sulfuric Acid Supply and Demand Balance
Thousand Metric Tons

Actual Est Forecast AAGR%
2000 2005 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Capacity 36,400 36,400 36,400 36,400 36,400 37,200 37,200 37,200 37,200
Supply 33,063 34,190 32,463 28457 27,658 31,440 31,165 30,892 30,622 -0.2% -0.5% -0.2%
Demand 36,827 36,532 35280 30,927 30,069 34,169 33,870 33573 33,279 -0.5% -0.5% -0.2%

NetTrade (3764) (2342) (2818) (2470) (2401) (2729) (2,705) (2,681) (2,658)

112 PADDI

The Petroleum Administration for Defense District (PADD) I, the East Coast, is defined in
Figure 4.1. PADD 1 is a significant consumer of both sulfur and sulfuric acid. The area is
dominated by the phosphate fertilizer industry with facilities in North Carolina and Florida.
PADD I imports most of its sulfur to produce sulfuric acid, which in turn is used to manufacture
fertilizers. Elemental sulfur, mainly from petroleum refining, as well as through natural gas
processing, is imported into PADD | primarily from PADD Il (the U.S. Gulf Coast) and foreign
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Section 1 Executive Summary

imports. Sulfuric acid is mainly produced from elemental sulfur in PADD |1, through the
recovery of off-gasses, along with the recycling of sulfuric acid from refineries.

Figure 1.1 PADD | Map

a

4

v’

1.1.2.1  Sulfur

PADD I accounts for about 60 percent of national sulfur demand, and is expected to maintain
this market share throughout the study period. Sulfur consumption in PADD I is dominated by
the phosphate fertilizer industry in Florida and North Carolina.

Sulfur demand in PADD 1 is expected to average 0.2 percent growth per year over the 2009 to
2030 period, compared to the 0.1 percent annual growth over the last eight years. Figure 1.2
displays the historical and forecast trends for sulfur demand in PADD 1.
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Section 1 Executive Summary

Figure 1.2 PADD | Sulfur Demand
Thousand Metric Tons
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Sulfur production in PADD | declined over the past decade, but is forecast to grow 0.7 percent
annually over the 2009 to 2030 period. Future supply growth will be driven by an increase in the
recovery of sulfur from petroleum refineries, in part due to the projected increase in the average
sulfur content of crude oil that will be processed in United States refineries.

Historical and forecast trends of sulfur supply in PADD 1 are presented in Figure 1.3.
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Figure 1.3 PADD | Sulfur Supply
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Table 1.4 summarizes historical and forecast sulfur supply and demand. PADD I is a major net
importer of sulfur, primarily from PADD Il (the Gulf Coast) and foreign imports. The net
deficit of sulfur in PADD | was significant over the last eight years, reaching about 7.2 million
metric tons in 2008. PADD | is forecast to remain a major net importer of sulfur over the
forecast period, as illustrated in Figure 1.4.

Table 1.4 PADD | Sulfur Supply and Demand Balance
Thousand Metric Tons

Actual Est. Forecast AAGR, %
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Petroleum and Coke 307 277 229 270 279 269 267 283 291 300 310

Supply  Natural Gas 6 24 42 13 13 28 23 24 25 26 26

Total 33 301 271 283 292 292 289 307 316 326 336 -1.6%  0.7% 0.6%
Demand 7438 7262 7,028 6970 7497 6426 6245 6993 689 6,801 6,707 01%  -10%  -0.3%
Net Trade (7,105) (6961) (6,757) (6,687) (7,205) (6,133) (5.956) (6:687) (6,580) (6:475) (6.371)
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Section 1 Executive Summary

Figure 1.4 PADD | Sulfur Supply and Demand Balance
Thousand Metric Tons
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1.1.2.2  Sulfuric Acid

Figure 1.5 presents historical and forecast trends for sulfuric acid demand in PADD I. Demand
for sulfuric acid in PADD 1 grew to 19.4 million metric tons in 2008, an increase of around 140
thousand metric tons from 2007. Demand fell at an annual rate of 0.5 percent during the
historical period 2000-2008, and is forecast to continue to modestly decline during the forecast
period.
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Figure 1.5 PADD | Sulfuric Acid Demand
Thousand Metric Tons
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Consumption in PADD 1| is dominated by the phosphate fertilizer industry in Florida and North
Carolina. However, these operations generally produce their own supply. Pulp and paper
companies, pickling operations in steel mills, chemical companies, and to a much smaller degree
than PADD II, ethanol production make up most of the remainder of the market for sulfuric acid.
Petroleum refining is another significant consumer of sulfuric acid. However this sulfuric acid is
generally recycled into new supply so net demand is relatively small.

The bulk of sulfuric acid supply in PADD 1 is produced from elemental sulfur. The remaining
supply is from the recovery of off gasses in smelters, and recycling of sulfuric acid from
refineries. The United States Geological Survey (USGS) estimates that 3-5 million tons of
sulfuric acid is recycled from the petroleum refining industry in the United States every year.
The historical and forecast trend of sulfuric acid supply is presented in Figure 1.6. Sulfuric acid
supply in PADD | was 19.5 million metric tons in 2008, a decrease of about 200 thousand metric
tons from 2007. The period 2003-2005 was a time of oversupply, following the undersupply of
2001 which was brought about by the economic downturn following the September 11th terrorist
attacks. Sulfuric acid supply declined 0.2 percent annually in the historical period from 2000-
2008 and is expected to decline slowly at the same rate as demand through the forecast period,
even though supply has been volatile in recent years.
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Figure 1.6 PADD | Sulfuric Acid Supply
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PADD I has been a net exporter of sulfuric acid to outside the region since 2002 and is forecast
to remain a modest net exporter during the forecast period. Driven by demand deterioration and
the resulting supply decline, net trade (net shipments outside the region) is forecast to remain
relatively low, staying less than 100 thousand tons per year, as shown in Table 1.5 and
Figure 1.7.

Table 1.5 PADD | Sulfuric Acid Supply and Demand
Thousand Metric Tons

Actual Est Forecast AAGR%
2000 2005 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Capacity 21,300 21,300 21,300 21,300 21,300 21,300 21,300 21,300 21,300
Supply 19,838 20,514 19478 17,074 16595 18,864 18,699 18535 18,373 -0.2% -0.5% -0.2%
Demand 20,255 20,093 19,404 17,010 16,532 18,793 18,628 18,465 18,304 -0.5% -0.5% -0.2%
Net Trade (417) 421 74 64 63 71 71 70 69
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Figure 1.7 PADD | Sulfuric Acid Supply and Demand Balance
Thousand Metric Tons

800
600
400
200 4

04
-200 -
-400 -

-600

2000 2003 2006 2009 2012 2015 2018 2021 2024 2027 2030

XLS: :\M_Drive\ENERGY\2009Pr0j\ 1436 Tenaska Sulfur\Report\Tablesand Figures\Sulfuric Acid\US Sulfuric Acid SDT

113 PADDII

Figure 1.8 displays the definition of PADD Il in map form. Figures 1.9 through 1.11 andt Table
1.6 present historical and forecast trends for sulfur in PADD II. Figures 1.12 through 1.14 and
Table 1.6 present historical and forecast trends for sulfuric acid in PADD 1I.
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Figure 1.8 PADD Il Map

Demand in PADD 11 is lower and more fragmented than PADD 1, due mostly to the absence of
the phosphate fertilizer industry’s concentration in PADD I.

The region had approximately 11 percent of the United States domestic sulfur supply in 2008.
The majority of the sulfur supply, as seen also in PADD I, comes from petroleum refineries and
coking plants. The remaining supply has been from the recovery in natural gas plants.

Sulfur production in PADD 11 declined 1.9 percent annually from 2000 to 2008 but is expected
to grow 0.7 percent per year over the 2009 to 2030 forecast period due to the increase in the
recovery of domestic elemental sulfur production from petroleum refineries and the increase in
the average sulfur content of crude oil that will be processed in United States refineries. Figure
1.9 displays the historical and forecast sulfur supply in PADD II.
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Figure 1.10  PADD Il Sulfur Demand
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Table 1.6 PADD Il Sulfur Supply and Demand
Thousand Metric Tons

Actual Est. Forecast AAGR, %
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Petroleum and Coke 1,123 1,016 1,010 944 969 987 977 1,035 1,067 1,099 1,133

Supply  Natural Gas 4 3 4 4 30 3 3 39 40 4 43
Total 1,165 1,054 1,050 984 999 1,024 1,014 1074 1,07 1,41 1176 9% 1.0% 0.6%
Demand 638 623 603 598 643 551 536 600 592 584 576 01%  -1.0%  -0.3%
Net Trade 521 431 447 386 356 472 478 473 515 557 601
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Figure 1.11  PADD Il Sulfur Supply and Demand Balance
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700

600 -

500 ~

400 -

300 ~

200 ~

100 ~

2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030

XLS:1:\\M_Drive\ENERGY\ 2009Pr0j\ 1436 Tenaska Sulfur\Report\ Tablesand Figures\Sulfur Markets

Demand for sulfuric acid in the PADD Il was approximately 2.47 million metric tons in 2008, an
increase of 20 thousand metric tons from 2007. Sulfuric acid demand within PADD Il has
remained relatively constant in the historical period from 2000-2008, declining at 0.5 percent
annually in the historic period, similar to the case with PADD I. Demand is forecast to continue
to decline modestly during the forecast period.
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Figure 1.12  PADD Il Sulfuric Acid Demand
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Figure 1.13  PADD Il Sulfuric Acid Supply
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Table 1.7 summarizes historical and forecast PADD |1 sulfuric acid supply and demand. PADD
Il has been a net importer of sulfuric acid. The net sulfuric acid deficit in the region has varied
slightly over the years, remaining under 1,000 thousand metric tons, as shown in Figure 1.14.
With supply slowly declining at the same rate as demand in the forecast period, PADD Il will
remain a net importer of sulfuric acid.

Table 1.7 PADD Il Sulfuric Acid Supply and Demand
Thousand Metric Tons

Actual Est Forecast AAGR%
2000 2005 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Capacity 1,800 1,800 1,800 1,800 1,800 2,600 2,600 2,600 2,600
Supply 1,653 1,710 1,623 1,423 1,383 1,572 1,558 1,545 1,531 -0.2% -0.5% -0.2%
Demand 2,578 2,557 2,470 2,165 2,104 2,392 2,371 2,350 2,330 -0.5% -0.5% -0.2%
Net Trade (925) (848) (846) (742) (721) (820) (813) (806) (798)

Figure 1.14  PADD Il Sulfuric Acid Supply and Demand Balance
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1.2 TENASKA SULFUR AND SULFURIC ACID PRODUCTION
1.2.1 Introduction

Tenaska is considering two coals as feed to its coal-to-SNG (CTS) project located in central
Illinois. The coal being considered is expected to fall between the upper and lower limits of
quality given by Coal “A” and Coal “Z”. As part of its study to consider the market potential of
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producing concentrated sulfuric acid instead of molten sulfur as a byproduct, Tenaska requested
Nexant to determine the amount of sulfur byproduct generated from each of the two coal feeds
when used to make the same amount of SNG. This task was evaluated based on producing the
same total amount of CO and H2 in syngas exiting the gasifiers as an indication of identical SNG

production.

Following is the current CTS plant design basis specified by Tenaska:

" Type of Gasifier

" Gasifier Sizes

" Number of Gasifiers

" Gasification Pressure
. Total CO+H; Needed
] Oxygen Concentration
" Oxygen Temperature

" Slurry Feed Preheat

Slurry Feed Total Quench

900 ft* each

3 operating + 1 spare

1,000 psig

360 MMSCFD from 3 gasifiers
99.0 percent by volume

300 °F at gasifier inlet

None

For Coal “A”, the CTS plant is capable of the following process performances:

" Coal Feed

" Slurry Feed Concentration
. Oxygen Feed Rate

. Carbon Conversion

" Gasification Temperature

1.2.2 Molten Sulfur Production

The estimated maximum molten sulfur production rates are presented in Table 1.8.

6,785 STPD (AR basis) total for 3 gasifiers
65 wt percent (dry solid basis)

5,354 STPD total for 3 gasifiers

98 percent

2,600 °F

Table 1.8 Estimated Molten Sulfur Production
Coal “A” Coal “Z”
Total AR Coal Feed, STPD 6,785 7,721
Total Sulfur in Syngas Exit Gasifiers, STPD 213.3 231.3
Sulfur in Treated Syngas, STPD 0.2 0.2
Sulfur in TGTU Incinerator Vent, STPD 0.4 0.5
Net Molten Sulfur Production, STPD 212.7 230.6

O Nexant

U.S. Sulfur/Sulfuric Acid Market Analysis

Q209_01436.001.11

16



Section 1 Executive Summary

The estimates of maximum molten sulfur production were based on the following assumptions:

" Sweet syngas from Acid Gas Removal (AGR) system contains 10-ppmv residual sulfur,
which will be removed in downstream zinc oxide guard beds;

" Sulfur recovery from AGR acid gas in Claus sulfur recovery and Tail Gas Treatment
systems is assumed to be 99.8 percent. The 0.2 percent un-recovered sulfur is vented to
atmosphere via tail gas incinerator flue gas.

1.2.3  Sulfuric Acid Production
The estimated maximum sulfuric acid production rates are presented in Table 1.9.

Table 1.9 Estimated Sulfuric Acid Production

Coal “A” Coal “Z”

Total AR Coal Feed, STPD 6,785 7,721
Total Sulfur in Syngas Exit Gasifiers, STPD 213.3 231.3
Sulfur in Treated Syngas, STPD 0.2 0.2
Sulfur in Acid Plant Exhaust, STPD 2.1 2.2
Net Sulfur in Sulfuric Acid, STPD Sulfur 211.0 228.9
Total Sulfuric Acid Production, STPD (98 wt%) 658.7 714.6

The estimates of maximum sulfuric acid production were based on the following assumptions:

. Sweet syngas from Acid Gas Removal (AGR) system contains 10-ppmv residual sulfur,
which will be removed in downstream zinc oxide guard beds;

. Sulfur recovery from AGR acid gas in Sulfuric Acid Plant is assumed to be 99 percent.
The 1 percent un-recovered sulfur is vented with Acid Plant Exhaust.

1.3 INDUSTRY PROFILES

The report identifies consumers and producers of both sulfur and sulfuric acid in PADDs | and
PADD I1, covering the following sectors: sulfur dioxide, elemental sulfur, pulp and paper, steel
mills, ethanol and chemicals. Target customers and competitors for the project in Taylorville in
PADD lII, as well as in PADD I, have been identified and discussed in this section.

1.3.1  Sulfur

1.3.1.1 Potential Customers

A listing of potential sulfur consumers in Illinois is presented in Table 1.10, and as a map in
Figure 1.15. Nexant has identified only 2 possible customers for sulfur produced at Taylorville,
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both of which are sulfuric acid producers. One is almost 200 miles away in Chicago, while the
other is about 70 miles away in Sauget, just outside of St. Louis.

Table 1.10 Sulfur Consumers in lllinois

Figure 1.15  Sulfur Consumers in Illinois

1.3.1.2 Potential Competition

A listing of potential competitors in Illinois is presented in Table 1.11 and in Figure 1.16. These
possible competitors are generally closer to the possible customers than the Taylorville plant,
allowing for a potential logistical advantage over Tenaska.
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Table 1.11 Potential Key Competitors

Figure 1.16  Potential Key Competitors

1.3.2 Sulfuric Acid
1.3.2.1 Potential Customers

A listing of potential sulfuric acid consumers in Illinois is presented in Tables 1.12 through 1.15,
and is displayed in Figure 1.17. Chemical companies are clustered near Chicago, almost 200
miles from Taylorville, while other consumers are spread throughout the state.
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Table 1.12 Chemical Companies in lllinois
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Table 1.13 Pulp and Paper Mills in lllinois

Table 1.14 Integrated Steel Mills in Illinois

Table 1.15 Ethanol Plants in Illinois
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Figure 1.17  Sulfuric Acid Consumers in Illinois
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1.3.2.2 Potential Competition

The two competitive sulfuric acid producers in Illinois appear in Table 1.10 above as they are
also sulfur consumers. Their locations are shown in Figure 1.17 above.

1.4 PRICING AND TAYLORVILLE NETBACKS
1.4.1  Sulfur
1.4.1.1 Pricing

Historical and forecast sulfur prices in Tampa are summarized in Table 1.16 and Figure 1.18,
along with an estimated price for sulfur in Illinois. Benchmark prices in the United States are set
at Tampa, and prices for sulfur in Illinois have been set relative to Tampa based on the cost of
shipping sulfur from Illinois (which is surplus in sulfur) to Tampa (which is deficit in sulfur).
Specifically, prices in Illinois are estimated based on the quoted price differential between
Tampa and New Orleans (which is also a commonly available quotation), less the cost to ship
sulfur from Illinois to New Orleans by barge. The New Orleans quoted price is marginally lower
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than the Tampa price, reflecting the fact that PADD 3 is surplus in sulfur. Sulfur prices are
forecast to increase about 3 percent annually during the forecast period.

Table 1.16 United States Sulfur Prices
Nominal Dollars per Metric Ton
Actual Est. Forecast
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030
Tampa Contract 56 64 66 71 358 50 75 119 138 160 186
Illinois 46 51 55 60 330 40 65 107 125 144 167

Source: Green Markets, Pike and Fisher & Nexant Estimates

Figure 1.18  United States Sulfur Prices
Nominal Dollars per Metric Ton
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1412 Taylorville Netbacks

The current sulfur netback to Taylorville is approximately $16 per metric ton. This is about $16
per metric ton lower than the sulfur price in Tampa, based on sulfur transportation costs by
barge. If the sulfur were shipped by rail, the current sulfur netback to Taylorville would be about
$2 per metric ton. For facilities within 100 miles of Taylorville, the current sulfur netback is
approximately $14 per metric ton, compared to the $20 per metric ton netback obtained for a
customer within 50 miles.

O Nexanr U.S. Sulfur/Sulfuric Acid Market Analysis 23

Q209_01436.001.11



Section 1 Executive Summary

Nexant’s historical and forecast sulfur prices in Tampa and Illinois with netbacks to Taylorville
are presented in Figure 1.19 and Table 1.17 for each of the transportation scenarios. The
netbacks are slightly different for each scenario, reflecting different fuel surcharge rates for the
rail transportation costs and tariffs for the barge transportation costs.

Figure 1.19  Taylorville Sulfur Netbacks
Nominal Dollars per Metric Ton

350

300 ~

250 ~

200 ~

150 ~

100 ~

50 ~
e ———
—

0 - - .

50 2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030
- Tampa Barge Nethack Tampa Rail Netback
e |[linois Truck Netback (50 miles) Ilinois Truck Netback (100 miles)

XLS: I:\M_Drive\ ENERGY\2009Pr0j\ 1436 Tenaska Sulfur\Report\ Tablesand Figures\ Sulfur\ Sulfur Pricing

O Nexanr U.S. Sulfur/Sulfuric Acid Market Analysis 24

Q209_01436.001.11



Section 1 Executive Summary

Table 1.17 Taylorville Sulfur Netbacks Values
Nominal Dollars per Metric Ton

Actual Est. Forecast
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030

Tampa Contract Price 56 64 66 71 358 50 75 119 138 160 186
Barge Costs, Rail to St. Louis 3 53 57 5 64 64 65 71 77 8 93
Sulfur Netback, Taylorville 20 11 9 16 294 -14 10 49 61 75 92
Tampa Contract Price 5% 64 66 71 358 50 75 119 138 160 186
Rail Costs, Rail to St. Louis 61 71 73 75 78 78 80 89 100 111 125
Sulfur Netback, Taylorville S5 7 7 4 280 -28 -5 30 39 49 61
Illinois Price - 50 miles 46 51 55 60 330 40 65 107 125 144 167
Truck Costs 13 26 30 32 4 20 25 33 37 40 45
Sulfur Netback, Taylorville 33 25 26 28 286 20 39 74 88 104 123
Illinois Price - 100 miles 46 51 55 60 330 40 65 107 125 144 167
Truck Costs 16 33 38 41 56 25 32 43 47 52 57
Sulfur Netback, Taylorville 30 18 17 19 274 14 32 65 77 93 110

1.4.2  Sulfuric Acid
1.4.2.1 Pricing

The price of sulfuric acid is tied in large part to the supply and price of sulfur. Tampa spot
prices, taken over time, for sulfur and sulfuric acid are used as representative of transactions by
large buyers and sellers, namely the fertilizer producers. Nexant profiles industry production
economies by employing the concept of Leader and Laggard cash cost of production. The
Leader plant is a modern double absorption sulfuric acid plant which can take full credit from
production of byproduct steam. A Laggard plant is an older single absorption facility which is
unable to use any portion of the steam byproduct credit. A Laggard plant typically represents the
highest cost component of the industry, and thus can be seen as the marginal source of supply,
whereas a Leader plant is more indicative of the economics of a new acid producer. Tampa
sulfuric acid prices have generally been set by Laggard production economics, except for
2000/2001 when overcapacity and intense competition drove down prices to approach Leader
production economics. The link between sulfur prices and sulfuric acid prices in Tampa is
presented in Figure 1.20.
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Figure 1.20  Tampa Sulfuric Acid Price Trend
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Figure 1.21 and Table 1.18 present the United States sulfuric acid price forecast for Tampa and
the U.S. Midwest.

1.4.2.2 Taylorville Netbacks

Netback values for sulfuric acid to Taylorville, based on shipping by barge, rail and truck are
presented in Figure 1.22 and Table 1.19. Barge netbacks to Taylorville are negative in the short
term, though becoming increasingly positive towards the end of the forecast period. The
historical period, due to wild price fluctuations has both the highest and lowest netbacks. These
netbacks also show that there is a cost advantage in shipping sulfuric acid by rail as opposed to
barge, in the range of around $15 per ton. Trucking within 100 miles offers a greater netback to
Taylorville than either barge or rail, throughout the entire time range of interest.
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Figure 1.21  US Sulfuric Acid Price Forecast
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Table 1.18 United States Sulfuric Acid Price Forecast
Nominal Dollars per Metric Ton
Actual Est.  Forecast

2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030

Sulfuric Acid, Tampa Spot 22 53 52 61 329 25 50 91 106 123 142

Sulfuric Acid, lllinois Spot 40 59 59 67 346 38 63 105 122 141 164
O Nexanr U.S. Sulfur/Sulfuric Acid Market Analysis 27
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Figure 1.22  Taylorville Sulfuric Acid Netback Values
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Table 1.19 Taylorville Sulfuric Acid Netback Values
Nominal Dollars per Metric Ton
Actual Est.  Forecast

Units 2000 2005 2008 2009 2010 2015 2020 2025 2030
Tampa Price $IMT 22 53 329 25 50 91 106 123 142
Rail Costs, Rail to St. Louis $IMT 52 72 80 80 81 88 96 105 115
Sulfuric Acid Netback to Taylorville ~ $/MT -30 -19 249 -55 -31 4 10 18 27
Tampa Price $IMT 22 53 329 25 50 91 106 123 142
Barge Costs, Rail to St. Louis $IMT 69 98 109 110 111 120 130 142 155
Sulfuric Acid Netback to Taylorville ~ $/MT -47 -45 220 -85 -61 -28 -25 -19 -13
Illinois Price $IMT 40 59 346 38 63 105 122 141 164
Trucking Costs $IMT 14 29 49 22 28 37 41 45 50
Sulfuric Acid Netback - 50 Miles $IMT 25 30 297 16 34 68 81 96 114
Illinois Price $IMT 40 59 346 38 63 105 122 141 164
Trucking Costs $/IMT 18 36 62 28 36 47 52 57 63
Sulfuric Acid Netback - 100 Miles $IMT 22 22 284 10 27 58 70 84 101
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15 RELATIVE ATTRACTIVENESS OF SULFUR VERSUS SULFURIC ACID

Tenaska wants to decide whether to recover sulfur or convert the recovered sulfur into sulfuric
acid. From a market standpoint, both products have large markets. Nexant concludes that
sulfuric acid potentially offers a higher netback than sulfur. This is due to the fact that PADD Il
is a net importer of acid, but a net exporter of sulfur. Therefore, the netbacks on acid sales will
likely be closer to those assuming sales in Illinois presented above, say $30 to $114 per metric
ton over the forecast period, but sulfur netbacks may be closer to those assuming sales to Tampa,
say $10 to $90 per metric ton.

However, the marketing of sulfuric acid is complicated due to the highly fragmented nature of
the market. Tenaska would need to retain an experienced sulfuric acid marketer to perform this
task. There are several potential marketers in PADD I1, including Chemtrade Logistics and PVS
Sulfur Solutions, who also have a national and international sulfuric acid business position.
Nexant believes a choice between selling sulfur and sulfuric acid can only be made after
negotiating a sulfuric acid marketing agreement. Nexant has had some initial discussions with
Chemtrade Logistics and they suggested potential interest in providing the capital for building
the sulfuric acid plant.

A 660 to 715 STPD sulfuric acid plant is estimated to cost roughly 25 million dollars in 2009
dollars.
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Section 2 Introduction

Tenaska will be recovering 255 short tons per day of sulfur from its planned SNG/IGCC project,
to be located at Taylorville, Illinois. Tenaska needs to decide whether to recover molten sulfur
or to convert the sulfur to sulfuric acid for sale. In order to answer this question, it retained
Nexant to conduct this market study for both sulfur and sulfuric acid. Nexant’s July 2006 study
for Tenaska showed that current sulfur production in the Midwest (PADD 2) is greater than
demand. Hence, Tenaska may need to sell outside the Midwest and into the East and Southeast
of the U.S. (PADD 1).

This study updates the July 2006 sulfur market and pricing analysis and provides a similar
demand and supply and pricing analysis for sulfuric acid. Merchant sulfuric acid demand in the
U.S. overall is highly fragmented. Current major merchant suppliers (DuPont, General, Peak
Sulfur, Marsulex, and Chemtrade Logistics) all regenerate spent sulfuric acid used for alkylation
in refineries as well. Logistics is a key success factor in the sulfuric acid business.

Tenaska has also asked that Nexant provide the incremental costs associated with producing
sulfur or sulfuric acid. The results of this market study will be shared and coordinated with the
cost analysis.
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31 INTRODUCTION

The United States is one of the world’s largest markets for sulfur and sulfuric markets. This
section presents historical trends and forecast sulfur and sulfuric acid demand and supply to
2030.

3.2 UNITED STATES SULFUR DEMAND AND SUPPLY
3.2.1 Demand

Sulfur is used in many different industries to produce a variety of products. Figure 3.1 displays
the range of end uses for sulfur consumption.

Figure 3.1 Sulfur End Uses

Source: U.S. Geological Survey

Approximately 90 percent of the sulfur in the United States is converted to sulfuric acid. It is the
largest volume inorganic chemical and a key component in the manufacture of a wide range of
products, especially phosphate fertilizers. Agricultural chemicals, mainly fertilizers, consumed
about 60 percent of domestic sulfur demand. The petroleum refining and metal mining
industries used approximately 25 and 3 percent, respectively. The remaining 12 percent of
United States sulfur demand was used for various industrial products that require sulfur in
different stages of their manufacturing process.
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Overall growth in sulfur demand is expected to average 0.2 percent per year over the 2009 to
2030 period, a turnaround from the 1.6 percent average annual decline experienced over the last
eight years.

Historical and forecast trends for sulfur demand are presented in Figure 3.2.

Figure 3.2 United States Sulfur Demand
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Demand for sulfur in the United States totaled 12.8 million metric tons in 2008, an increase of
900 thousand metric tons over 2007. This sharp increase in US sulfur demand was due to a flyup
in phosphate fertilizer demand and pricing globally which translated into sharply increased U.S.
phosphate fertilizer production for both domestic use and exports and corresponding sulfur
demand. However, the situation this year is sharply reversed with sharply declining phosphate
fertilizer and corresponding sulfur demand for fertilizer. Overall sulfur demand in the United
States has declined significantly since 2000 because of a significant decrease in the production of
domestic phosphate fertilizers and therefore no growth in sulfur end use for that industry, along
with weather related incidents within the Gulf Coast region, halting production within refineries
during 2008.

Overall demand for sulfur is expected to reach about 11.5 million metric tons by 2030, a
decrease of approximately 1.4 million metric tons from 2008 but an increase of about
500 thousand tons over estimated 2009 demand. Forecast sulfur demand will be driven by the
outlook for phosphate fertilizer production in the U.S. and will be related to forecast U.S. GDP
growth in other sectors. The demand for sulfur is seen to continue to decline in 2009 and 2010
due to the economic situation around the world but is expected to grow in the short-term forecast
to 2015 as the global economy rebounds and U.S. phosphate fertilizer production and other U.S.
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sulfur markets as well. However, since sulfur is in a mature commodity market in the
United States, demand is seen to decrease slightly over the long term forecast from 2015 to 2030.

3.2.2  Supply

Sulfur production is expected to increase 0.7 percent per year over the 2009 to 2030 forecast
period. This modest growth is a reversal of the 1.4 percent annual decline rate over the past eight
years.

The United States is the leading sulfur producer in the world, next being Australia and Canada.
During 2008, elemental sulfur was recovered by 40 companies at 107 plants in 26 States and the
U.S. Virgin Islands. It was recovered at various petroleum refineries, natural gas processing
plants and coking plants. Secondary sources of sulfur come from the sulfur dioxide from
industrial mineral wastes, and flue gases. Increased recovery of domestic elemental sulfur
production from petroleum refineries is expected to drive growth in future supply, reflecting
modest increases in refinery throughput as well as a projected increase in the average sulfur
content of crude oil processes in United States refineries.

Sulfur supply in the United States reached 9,200 thousand metric tons in 2008, 8,400 thousand
metric tons coming from elemental sulfur from petroleum refineries, and the rest from other
forms of sulfur production such as natural gas processing. This represented an increase of
110 thousand metric tons from 2007. However, overall sulfur supply has decreased
approximately 1.6 percent over the last eight years due to the halt of United States Frasch mining
at the end of 2000. Therefore, future supply will directly reflect the developments in the
recovery from industrial processes such as refining and natural gas processing. It is expected
that sulfur supply will slightly decrease from 2009 to 2010 due to the recession and the increase
use of ethanol in the petroleum industry. However, supply is seen to increase in the long term
forecast because of the lower quality crudes coming in from the Canadian oil sands, with higher
sulfur contents that need to be extracted. The historical and forecast sulfur supply trends are
presented in Figure 3.3.
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Figure 3.3 United States Sulfur Supply
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12,000

10,000 ~

8,000 -

6,000 -

4,000 A

2,000 -

2000 2005 2008 2009 2010 2015 2020 2025 2030

XLS: I:\M_Drive\ ENERGY\2009Pr0j\ 1436 Tenaska Sulfur\Report\ Tablesand Figures\ Sulfur Markets

3.2.3  Supply/Demand Balance

The United States is a significant net importer of sulfur, primarily recovered from sour gas in
Western Canada and from Mexico and Venezuela, and is expected to remain a net importer in
the future. Net imports ranged from 17-28 percent of demand over the 2000-2008 historical
period. Overall sulfur demand in the United States has decreased between 2000 and 2009, along
with sulfur supply, creating an imbalance between domestic supply and demand. The net deficit
of sulfur in the United States was approximately 3,600 thousand metric tons in 2008 (Table 3.1)
compared to 2,810 thousand metric tons in 2007. Over the long term forecast period imports will
decline to 0.852 million metric tons by 2030. Table 3.1 summarizes historical sulfur supply and
demand and Figure 3.4 displays the historical and forecast sulfur supply/demand balance in the
United States. Due to the slight decrease in sulfur demand growth over the long-term forecast,
the balance between supply and demand is expected to decrease, with the United States being
fewer dependants upon sulfur imports by 2030 as in 2008.

Table 3.1 United States Sulfur Supply and Demand Balance
Thousand Metric Tons

Actual Est. Forecast AAGR, %
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Supply 10,500 9,500 9,050 9,090 9,200 9,228 9,135 9,675 9,974 10,282 10,600 -1.4% 0.7% 0.6%
Demand 12,700 12,400 12,000 11,900 12,800 10,971 10,663 11,940 11,775 11,612 11,451 -1.6% -1.0% -0.3%

NetTrade  (2,200) (2,900) (2,950) (2,810) (3,600) (L,744) (1528) (2,265) (1,801) (1,330) (852)
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Figure 3.4 United States Sulfur Supply and Demand Balance
Net Exports Thousand Metric Tons
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3.3 UNITED STATES SULFURIC ACID DEMAND AND SUPPLY

3.3.1 Demand

Sulfuric acid is the single most widely used chemical in the world today. It has uses as a
reactant, catalyst, and for pH adjustment. Table 3.2 presents the range of end uses for sulfuric
acid.

Table 3.2 Sulfuric Acid End Uses

End Use %
Phosphoaric Acid and Fertilizer Production 70
Copper Leaching 5
Petroleum Alkylation 4
Pulp and Paper 3
Ammonium Sulfate 2
Aluminum Sulfate 1
Other 15

Sulfuric acid is a key component in the manufacture of a wide range of products, especially
phosphate fertilizers. Agricultural chemicals, mainly fertilizers, consumed about 70 percent of
domestic sulfuric acid demand. The petroleum refining and metal mining industries used
approximately 10 percent, combined.

Historical and forecast U.S. sulfuric acid demand is outlined in Figure 3.5. As with sulfur,
sulfuric acid demand is driven by phosphate fertilizer production. Other sulfuric acid demand is
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driven by general economic activity. Demand for sulfuric acid in the United States reached
35,280 thousand metric tons in 2008, which was an increase of approximately 200 thousand
metric tons from 2007. Overall, sulfuric acid demand in the United States since 2000 has
decreased by about 0.2 percent annually. Similar to sulfur, sulfuric acid demand in the United
States is relatively stable and since 2000 has decreased by about 0.2 percent annually. Forecast
demand is expected to rebound from a floor in 2010 and grow at a rate of 1.7 percent annually
between 2009 and 2015. Demand recovery will be driven recovery in phosphate fertilizer
production and by the economic recovery. However, longer term demand is forecast to fall by
0.2 percent annually from 2015-2030 as the greater overall trend of slowly diminishing demand
continues.

Figure 3.5 United States Sulfuric Acid Demand
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3.3.2  Supply

Sulfuric acid supply has been relatively stable over the past eight years, and is expected to
remain constant over the forecast period with the exception of the additional capacity brought
online by the Taylorville Project, should Tenaska choose to produce sulfuric acid. As this
forecast is designed to help Tenaska make the decision whether to produce sulfuric acid, the
forecast assumes production by Tenaska in order to evaluate such production. The sources of
sulfuric acid supply vary by region and to some extent by time, but typically are as follows:

. From sulfur as the feedstock
- Sulfur is the source of about 63 percent of global sulfuric acid production

- Sulfur generally is transported in preference to shipping sulfuric acid. Sulfur is
more cost effective to move since acid consists of a large percentage of contained
water in the molecule. This allows large consumers of sulfur (especially
phosphoric acid producers for fertilizer) to ship in their feedstock to their plant
sites

. From smelter gases
- Smelter gas is the source of about 25 percent of global sulfuric acid production

- Frequently smelters may not be located near the acid demand, resulting in
considerable shipments of acid product

. Pyrites (sulfur-containing ores that contain FeS,, primarily)
— Pyrites are the source of about nine percent of global sulfuric acid supply
- Pyrites are mined on purpose for their sulfur content

" Other sources constitute about three percent of acid supply (primarily the “regeneration”
of spent acid and acid sludges)

With the exception of 2001 and 2003-2005, sulfuric acid supply in the United States has
generally been in the range of 32.5-33 million metric tons. The years 2003-2005 experienced
supply in excess of 35 million metric tons, following supply of 31 million metric tons in 2001,
caused by the economic downturn following the September 11th terrorist attacks. Future supply
is forecast to decline over the forecast period at the same rate as demand with the exception of
the additional capacity brought online by the Taylorville Project during 2014, should Tenaska
choose to produce sulfuric acid.
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Figure 3.6 United States Sulfuric Acid Supply
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3.3.3  Supply/Demand Balance

The United States is a significant net importer of sulfuric acid, primarily from Canada, Mexico,
and Venezuela, and is expected to remain a net importer in the future. Approximately 10 percent
of sulfuric acid used for domestic consumption comes from imports. Historically a net importer,
the United States is projected to remain a net importer over the 2015-2030 timeframe (Table 3.3
and Figure 3.7).

Table 3.3 United States Sulfuric Acid Supply and Demand Balance
Thousand Metric Tons

Actual Est Forecast AAGR%
2000 2005 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Capacity 36,400 36,400 36,400 36,400 36,400 37,200 37,200 37,200 37,200
Supply 33,063 34,190 32463 28457 27,658 31,440 31,165 30,892 30,622 -0.2% -0.5% -0.2%
Demand 36,827 36,532 35280 30,927 30,059 34,169 33,870 33573 33,279 -0.5% -0.5% -0.2%

NetTrade (3764) (2342) (2818) (2470) (2401) (2729) (2705 (2,681) (2.658)
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3.4

Figure 3.7 United States Sulfuric Acid Net Exports
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CONCLUSIONS

The following conclusions regarding sulfur and sulfuric acid markets for the United States are
summarized below.

34.1

Sulfur
Approximately 90 percent of sulfur is converted to sulfuric acid

Even though demand in the United States has been declining since 2000, it is expected to
see moderate growth from 2009 to 2030, around 0.2 percent due primarily to a recovery
from current depressed economic conditions and phosphate fertilizer production

The United States is the leading sulfur producer in the world

Sulfur supply has declined from 2000-2008 due to the halt in Frasch mining in the United
States

Increased recovery of domestic elemental sulfur production from petroleum refineries is
expected to drive growth in future supply, reflecting modest increases in refinery
throughput as well as a projected increase in the average sulfur content of crude oil
processes in United States refineries.

The United States is the largest importer of sulfur around the world and is expected to
continue to be an importer through the forecast period
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3.4.2 Sulfuric Acid

" Approximately 70 percent of sulfuric acid is consumed by the fertilizer industry

" Sulfuric acid supply and demand in the United States is quite stable, and is forecast to
slowly decline from 2015 onward

" The United States is the leading sulfuric acid producer in the world

" The United States has been historically a net importer of sulfuric acid and is expected to

maintain this position during the forecast period
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4.1 INTRODUCTION

The Petroleum Administration for Defense District (PADD) I, the East Coast, is defined in
Figure 4.1. PADD 1 is a significant consumer of both sulfur and sulfuric acid. The area is
dominated by the phosphate fertilizer industry with facilities in North Carolina and Florida.
PADD I imports most of its sulfur to produce sulfuric acid, which in turn is used to manufacture
fertilizers. Elemental sulfur, mainly from petroleum refining, as well as through natural gas
processing, is imported into PADD | primarily from PADD Il1 (the U.S. Gulf Coast) and foreign
imports. Sulfuric acid is mainly produced from elemental sulfur in PADD 1, through the
recovery of off-gasses, along with the recycling of sulfuric acid from refineries.

Figure 4.1 PADD | Map

a

4

The sulfur and sulfuric acid markets in PADD | are discussed below.
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4.2 PADD | SULFUR DEMAND AND SUPPLY
421 Demand

PADD 1 accounts for about 60 percent of national sulfur demand, and is expected to maintain
this market share throughout the study period. Sulfur consumption in PADD 1 is dominated by
the phosphate fertilizer industry in Florida and North Carolina.

Sulfur demand in PADD | is expected to average 0.2 percent growth per year over the 2009 to
2030 period, compared to the 0.1 percent annual growth over the last eight years as shown in
Figure 4.2 displays the historical and forecast trends for sulfur demand in PADD 1.

Figure 4.2 PADD | Sulfur Demand
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Demand for sulfur in PADD I increased 527 thousand metric tons to 7.497 million metric tons in
2008. The increase was due primarily to sharp increases in global phosphate fertilizer demand
and U.S. phosphate fertilizer production. It is estimated to fall to 6.7 million metric tons by
2030. Demand is expected to track economic performance, and therefore demand is expected to
suffer a severe contraction in 2009 and 2010, with a rebound taking place from 2011 to 2014.
After 2015, it is forecast that demand will slowly decline by approximately 0.3 percent annually,
reflecting the maturity of the markets served by sulfur.

4.2.2 Supply

Sulfur supply in PADD | was 292 thousand metric tons in 2008, which represented an increase
of 9 thousand metric tons over 2007. Sulfur production within PADD | represents only about
3 percent of total sulfur supply to the region in 2008. The bulk of PADD I supply comes from
petroleum refineries, coking plants and natural gas plants.
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Sulfur production in PADD I declined over the past decade, but is forecast to grow 0.7 percent
annually over the 2009 to 2030 period. Future supply growth will be driven by an increase in the
recovery of sulfur from petroleum refineries, in part due to the projected increase in the average
sulfur content of crude oil that will be processed in United States refineries.

Historical and forecast trends of sulfur supply in PADD | are presented in Figure 4.3.

Figure 4.3 PADD | Sulfur Supply
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4.2.3  Supply/Demand Balance

Table 4.1 summarizes historical and forecast sulfur supply and demand. PADD I is a major net
importer of sulfur, primarily from PADD III (the Gulf Coast) and foreign imports. The net
deficit of sulfur in the PADD | was significant over the last eight years, reaching about 7.2
million metric tons in 2008. PADD I is forecast to remain a major net importer of sulfur over the
forecast period, as illustrated in Figure 4.4.

Table 4.1 PADD | Sulfur Supply and Demand Balance
Thousand Metric Tons

Actual Est. Forecast AAGR, %
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Petroleum and Coke 307 277 229 270 279 269 267 283 291 300 310

Supply  Natural Gas 26 24 42 13 13 23 23 24 25 26 2

Total 333 301 271 283 292 292 289 307 316 326 336 -1.6% 0.7% 0.6%
Demand 7438 7262 7028 6970 7497 6426 6245 6993 6896 6801 6,707 0.1% -1.0% -0.3%
Net Trade (7,105) (6,961) (6,757) (6,687) (7,205) (6,133) (5956) (6,687) (6,580) (6,475) (6,371)

Figure 4.4 PADD | Sulfur Supply and Demand Balance
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4.3 PADD | SULFURIC ACID SUPPLY AND DEMAND
43.1 Demand

Figure 4.5 outlines historical and forecast trends for sulfuric acid demand in PADD |. Demand
for sulfuric acid in PADD | grew to 19.4 million metric tons in 2008, an increase of around 140
thousand metric tons from 2007. Demand fell at an annual rate of 0.5 percent during the
historical period 2000-2008, and is forecast to continue to modestly decline during the forecast
period.

Figure 4.5 PADD | Sulfuric Acid Demand
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Consumption in PADD 1| is dominated by the phosphate fertilizer industry in Florida and North
Carolina. However, these operations generally produce their own supply. Pulp and paper
companies, pickling operations in steel mills, chemical companies, and to a much smaller degree
than PADD II, ethanol production make up most of the remainder of the market for sulfuric acid.
Petroleum refining is another significant consumer of sulfuric acid. However this sulfuric acid is
generally recycled into new supply so net demand is relatively small.

43.2 Supply

The bulk of sulfuric acid supply in PADD 1 is produced from elemental sulfur. The remaining
supply is from the recovery of off gasses in smelters, and recycling of sulfuric acid from
refineries. The United States Geological Survey (USGS) estimates that 3-5 million tons of
sulfuric acid is recycled from the petroleum refining industry in the United States every year.
The historical and forecast trend of sulfuric acid supply is presented in Figure 4.6. Sulfuric acid
supply in PADD | was 19.5 million metric tons in 2008, a decrease of about 200 thousand metric
tons from 2007. The period 2003-2005 was a time of oversupply, following the undersupply of
2001 which was brought about by the economic downturn following the September 11th terrorist
attacks. Sulfuric acid supply declined 0.2 percent annually in the historical period from 2000-
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2008 and is expected to decline slowly at the same rate as demand through the forecast period,
even though supply has been volatile in recent years.

Figure 4.6 PADD | Sulfuric Acid Supply
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4.3.3 Supply/Demand Balance

PADD 1 has been a net exporter of sulfuric acid to outside the region since 2002 and is forecast
to remain a modest net exporter during the forecast period. Driven by demand deterioration and
the resulting supply decline, net trade (net shipments outside the region) is forecast to remain
relatively low, staying less than 100 thousand tons per year, as shown in Table 4.2 and
Figure 4.7.

Table 4.2 PADD | Sulfuric Acid Supply and Demand
Thousand Metric Tons

Actual Est Forecast AAGR%
2000 2005 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Capacity 21,300 21,300 21,300 21,300 21,300 21,300 21,300 21,300 21,300
Supply 19,838 20,514 19478 17,074 16595 18,864 18,699 18535 18,373 -0.2% -0.5% -0.2%
Demand 20,255 20,093 19,404 17,010 16,532 18,793 18,628 18,465 18,304 -0.5% -0.5% -0.2%
Net Trade (417) 421 74 64 63 71 71 70 69
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Figure 4.7 PADD | Sulfuric Acid Supply and Demand Balance
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4.4

CONCLUSIONS

Below is a summary of conclusions made for PADD I sulfur and sulfuric acid markets.

441

442

Sulfur

Overall growth in sulfur demand in PADD 1 is expected to average 0.2 percent per year
over the 2009 to 2030 period, in line with the 0.1 percent annual growth from 2000 to
2008

Consumption in PADD 1 is dominated by the phosphate fertilizer industry in Florida and
North Carolina

Sulfur production is expected to achieve 0.7 percent annual growth over the 2009 to 2030
period compared to a decline of 1.6 percent annually over the past eight years

PADD 1 is a major net importer of sulfur, primarily from PADD III (the Gulf Coast) and
foreign sources, and is expected to continue to be a net importer through the forecast
period

Sulfuric Acid

Sulfuric acid consumption is mature, and is forecast to very slowly decline over the
forecast period

The consumption of sulfuric acid in PADD | is dominated by the phosphate fertilizer
industry in Florida and North Carolina

PADD I was responsible for 64 percent of supply and 55 percent of sulfuric acid demand
in the United States in 2008

PADD 1 is relatively balanced in sulfuric acid, and has been a modest net exporter in
recent years. It is expected that PADD | will remain an exporter through the forecast
period
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5.1 INTRODUCTION

The Petroleum Administration for Defense District (PADD) Il, the Midwest, is defined in
Figure 5.1. PADD Il is a significant producer and consumer of both sulfur and sulfuric acid.
Elemental sulfur is produced mainly through petroleum refining, along with a small portion
being made as a byproduct of natural gas processing. Sulfuric acid is produced from elemental
sulfur in PADD Il as well as through the recovery of off-gasses, as well as the recycling of
sulfuric acid from refineries. The sulfur and sulfuric acid markets in PADD Il are discussed
below.

Figure 5.1 PADD Il Map

5.2 PADD Il SULFUR MARKET
5.2.1 Demand

In 2008, PADD 11 had the least sulfur consumption of all United States PADDs, representing
approximately 5 percent of sulfur demand in the country. Demand in the PADD is expected to
average 0.2 percent growth per year from 2009 to 2030, slightly higher than the 0.1 percent
growth achieved from 2000 through 2008. Historical and forecast trends for sulfur demand for
PADD II are presented in Figure 5.2.
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Figure 5.2 PADD Il Sulfur Demand
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Demand for sulfur in the PADD Il was 643 thousand metric tons in 2008, an increase of
20 thousand metric tons from 2007. It is forecast to reach approximately 576 thousand metric
tons by 2030. Demand for sulfur has been declining in the region. Future demand is expected to
generally follow this trend. Moreover, demand is projected to decline significantly in 2009 and
2010 because to the recent sharp economic downturn but recover during the 2011 to 2014 period.
From 2015 to 2030, demand is forecast to gradually decline due to the maturity of the markets
served by sulfur.
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Section 5 PADD 2 Market Overview

5.2.2  Supply

Sulfur supply increased in PADD Il to 999 thousand metric tons in 2008, compared to 984
thousand metric tons in 2007. The region had approximately 11 percent of the 9.2 million metric
tons of United States domestic sulfur supply in 2008. The majority of the sulfur supply, as seen
also in PADD I, has come from the petroleum refineries and coking plants. The remaining
supply has been from the recovery in natural gas plants.

Sulfur production in PADD 11 declined 1.9 percent annually from 2000 to 2008 but is expected
to grow 0.7 percent per year over the 2009 to 2030 forecast period due to the increase in the
recovery of domestic elemental sulfur production from petroleum refineries and the increase in
the average sulfur content of crude oil that will be processed in United States refineries. Figure
5.3 displays the historical and forecast sulfur supply in PADD II.

Figure 5.3 PADD Il Sulfur Supply
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Section 5 PADD 2 Market Overview

5.2.3 Supply/Demand Balance

Table 5.1 summarized sulfur supply and demand. PADD Il has historically been a net exporter
of sulfur, reaching a surplus of approximately 356 thousand metric tons in 2008. The region is
forecast to remain an exporter of sulfur with over 601 thousand metric tons by 2030. Figure 5.4
displays the historical and forecast sulfur supply and demand balance for PADD II.

Table 5.1 PADD Il Sulfur Supply and Demand Balance
Thousand Metric Tons

Actual Est. Forecast AAGR, %
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 2000-2008 2008-2015 2015-2030
Petroleum and Coke 1,123 1,016 1,010 944 969 987 977 1,035 1,067 1,099 1,133

Supply Natural Gas 42 38 40 40 30 37 37 39 40 41 43

Total 1,165 1,054 1,050 984 999 1,024 1,014 1074 1,107 1,141 1176 -1.9% 1.0% 0.6%
Demand 638 623 603 598 643 551 536 600 592 584 576 0.1% -1.0% -0.3%
Net Trade 527 431 447 386 356 472 478 473 515 557 601

Figure 5.4 PADD Il Sulfur Supply and Demand Balance
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Section 5 PADD 2 Market Overview

5.3 PADD Il SULFURIC ACID SUPPLY AND DEMAND
5.3.1 Demand

Figure 5.5 presents historical and forecast trends for sulfuric acid in PADD Il. Demand for
sulfuric acid in the PADD Il was approximately 2.47 million metric tons in 2008, an increase of
20 thousand metric tons from 2007. Sulfuric acid demand within PADD Il has remained
relatively constant in the historical period from 2000-2008, declining at 0.5 percent annually in
the historic period, similar to the case with PADD I. Demand is forecast to continue to decline
modestly during the forecast period.

Figure 5.5 PADD Il Sulfuric Acid Demand
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Demand in PADD 11 is lower and more fragmented than PADD 1, due mostly to the absence of
the phosphate fertilizer industry’s concentration in PADD 1.
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Section 5 PADD 2 Market Overview

5.3.2  Supply

The sulfuric acid supply decreased in PADD |1 to about 1.6 million metric tons in 2008, which
was a decrease of 15 thousand metric tons compared to the 1,638 thousand metric tons of supply
in 2007. Sulfuric acid supply in PADD Il has remained relatively flat over the historical period
from 2000-2008, declining at 0.2 percent annually and is expected to decline slowly in the
forecast period with the exception of additional production from the Taylorville Project. Figure
5.6 presents the historical and forecast trends for sulfuric acid supply in PADD II.

Figure 5.6 PADD I Sulfuric Acid Supply
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PADD 2 Market Overview

5.3.3  Supply/Demand Balance

Table 5.2 summarizes historical and forecast PADD |1 sulfuric acid supply and demand. PADD
Il has been a net importer of sulfuric acid. The net sulfuric acid deficit in the region has varied
slightly over the years, remaining under 1,000 thousand metric tons, as shown in Figure 5.7.
With supply slowly declining at the same rate as demand in the forecast period, PADD II will
remain a net importer of sulfuric acid.

Table 5.2 PADD Il Sulfuric Acid Supply and Demand
Thousand Metric Tons
Actual Est Forecast AAGR%
2000 2005 2008 2009 2010 2015 2020 2025 2030  2000-2008 2008-2015 2015-2030
Capacity 1,800 1,800 1,800 1800 1800 2600 2,600 2600 2,600
Supply 1653 1710 1623 1423 1383 1572 1558 1545 1531 -0.2% -0.5% -0.2%
Demand 2578 2,557 2470 2,165 2104 2392 2371 2350 2330 -0.5% -0.5% -0.2%
NetTrade  (925) (848)  (846)  (742)  (721)  (820)  (813)  (806)  (798)
Figure 5.7 PADD I Sulfuric Acid Supply and Demand Balance
Thousand Metric Tons
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PADD 2 Market Overview

5.4

CONCLUSIONS

The following conclusions regarding sulfur and sulfuric acid markets for PADD Il are
summarized below.

54.1

Sulfur

Sulfur demand growth in PADD 11 is expected to average 0.2 percent per year from 2009
to 2030 period, slightly higher than the 0.1 percent growth achieved from 2000 to 2008

Sulfur production is expected to increase 0.7 percent per year over the 2009 to 2030
forecast contrast to the 1.9 percent annual decline rate from 2000 to 2008

PADD Il had approximately 11 percent of the United States domestic sulfur supply in
2008

PADD Il is a net exporter of sulfur, primarily to locations within the region and PADD |
PADD 11 will continue to remain an exporter of sulfur through the forecast period,
reaching a surplus of approximately 601 thousand metric tons in 2030

Sulfuric Acid

Sulfuric acid consumption is mature, and is forecast to very slowly decline over the
forecast period

Sulfuric acid production has been relatively constant is expected remain relatively flat
through the forecast period, tracking with demand with the exception of the capacity
addition of the Taylorville Project

PADD I1 had approximately 5 percent of the United States sulfuric acid supply in 2008,
and about 8 percent of sulfuric acid demand

PADD Il has been a net importer of sulfuric acid historically, predominantly from
PADD I11 (US Gulf Coast Region)
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Section 6 Estimated Tenaska Sulfur and Sulfuric Acid Production

6.1 INTRODUCTION

Tenaska is considering two coals as feed to its coal-to-SNG (CTS) project located in central
Illinois. The range of coal quality being considered are shown in Table 6.1, are to fall between
Coal “A”, and Coal “Z”. As part of its study to consider the market potential of producing
concentrated sulfuric acid instead of molten sulfur as a byproduct, Tenaska requested Nexant to
determine the amount of sulfur byproduct generated from each of the two coal feeds when used
to make the same amount of SNG. This task was evaluated based on producing the same total
amount of CO and H2 in syngas exiting the gasifiers as an indication of identical SNG
production.

Following is the current CTS plant design basis specified by Tenaska:

" Type of Gasifier Slurry Feed Total Quench

. Gasifier Sizes 900 ft® each

" Number of Gasifiers 3 operating + 1 spare

. Gasification Pressure 1,000 psig

" Total CO+H; Needed 360 MMSCFD from 3 gasifiers
" Oxygen Concentration 99.0 percent by volume

" Oxygen Temperature 300 °F at gasifier inlet

" Slurry Feed Preheat None

For Coal “A”, the CTS plant is capable of the following process performances:

" Coal Feed 6,785 STPD (AR basis) total for 3 gasifiers
" Slurry Feed Concentration 65 wt percent (dry solid basis)

" Oxygen Feed Rate 5,354 STPD total for 3 gasifiers

" Carbon Conversion 98 percent

" Gasification Temperature 2,600 °F
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Estimated Tenaska Sulfur and Sulfuric Acid Production

6.2 EVALUATION METHODOLOGY

Gasification heat and material balances (H&MB) was carried out for the two feedstocks to
determine the feed rates required to produce syngas containing the specified amount of CO and
H,. The amount of sulfur in the gasifier syngas was used to determine the plant’s net sulfur

production.

Table 6.1
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Section 6 Estimated Tenaska Sulfur and Sulfuric Acid Production

For Coal “A”, H&MB was carried out at the specified coal and oxygen feed rates, slurry
concentration, and carbon conversion to come up with a calculated gasification temperature.
Comparison of the independently calculated temperature to the reported temperature served as a
check on the consistency of the design information, and also served to establish the accuracy of
the H&MB procedure. The same H&MB procedures, after adjustment for coal property
differences, were applied to Coal “Z” to determine the coal feed and syngas product rates
required for the specified amounts of CO and H,. Total sulfur containing species in the syngas
were used to estimate the sulfur byproduct production for each feedstock.

Some of the H&MB adjustments made between Coal “A” and Coal “Z” are:

" Slurry feed weight percent dry solids for Coal “Z” will be 4.4 percentage point lower than
Coal “A” to account for the higher equilibrium moisture for Coal “Z”

" Gasification temperature for Coal “Z” will be 30 °F lower than Coal “A” to account for
the lower ash fusion temperature for Coal “Z”

" Ash and Slag carbon content is assumed to be the same between the two coal cases.
Carbon conversion for Coal “Z” will be less than Coal “A” due to its higher ash content

Results of the analysis are presented in Table 6.2.

Table 6.2 Gasification H&MB Results

Coal “A”  Coal “Z”

Total AR Coal Feed, STPD 6,785 7,721
Coal Equilibrium Moisture, wt% 10.6 15.0
Ash Fusion Temperature, deg F 2,328 2,300
Slurry Feed Concentration, wt% Dry Solid 65.0 60.6
99.0% Oxygen Consumption, STPD 5,355 5,788
Carbon Conversion, wt% 98.0 97.1
Gasification Temperature, deg F 2,550 2,520
Gasifier Exit Dry Gas Flow, Ib moles/Hr 47,012 49,222
Gasifier Exit H,+CO Content:

MMSCFD 360 360
Lb moles/Hr

Gasifier Exit H,S+COS Content;

Lb moles/Hr 554.4 601.2
STPD of Sulfur 2133 2313

Gasifier Exit Syngas Composition, Mole% Dry:

H, 35.34 37.07
(60] 48.72 43.23
Co, 13.65 17.38
H,S + COS 1.18 1.22
CH, 0.19 0.11
N, + Argon 0.77 0.83
NH3 0.11 0.11
HCI 0.04 0.05
Total Mole% 100.00 100.00
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6.3 MOLTEN SULFUR PRODUCTION

The estimated maximum molten sulfur production rates are presented in Table 6.3.

Table 6.3 Estimated Molten Sulfur Production

Coal “A” Coal “Z”

Total AR Coal Feed, STPD 6,785 7,721
Total Sulfur in Syngas Exit Gasifiers, STPD 213.3 231.3
Sulfur in Treated Syngas, STPD 0.2 0.2
Sulfur in TGTU Incinerator Vent, STPD 0.4 0.5
Net Molten Sulfur Production, STPD 212.7 230.6

The estimates of maximum molten sulfur production were based on the following assumptions:

. Sweet syngas from Acid Gas Removal (AGR) system contains 10-ppmv residual sulfur,

which will be removed in downstream zinc oxide guard beds;

. Sulfur recovery from AGR acid gas in Claus sulfur recovery and Tail Gas Treatment
systems is assumed to be 99.8 percent. The 0.2 percent un-recovered sulfur is vented to

atmosphere via tail gas incinerator flue gas.

6.4 SULFURIC ACID PRODUCTION
The estimated maximum sulfuric acid production rates are presented in Table 6.4.

Table 6.4 Estimated Sulfuric Acid Production

Coal “A” Coal “z”

Total AR Coal Feed, STPD 6,785 7,721
Total Sulfur in Syngas Exit Gasifiers, STPD 213.3 231.3
Sulfur in Treated Syngas, STPD 0.2 0.2
Sulfur in Acid Plant Exhaust, STPD 2.1 2.2
Net Sulfur in Sulfuric Acid, STPD Sulfur 211.0 228.9
Total Sulfuric Acid Production, STPD (98 wt%) 658.7 714.6

The estimates of maximum sulfuric acid production were based on the following assumptions:

" Sweet syngas from Acid Gas Removal (AGR) system contains 10-ppmv residual sulfur,

which will be removed in downstream zinc oxide guard beds;

" Sulfur recovery from AGR acid gas in Sulfuric Acid Plant is assumed to be 99 percent.

The 1 percent un-recovered sulfur is vented with Acid Plant Exhaust.
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Section 7 Industry Profiles for PADDs | and ||

7.1 INTRODUCTION

This section identifies consumers and producers of both sulfur and sulfuric acid in PADDs | and
PADD I1, covering the following sectors: sulfur dioxide, elemental sulfur, pulp and paper, steel
mills, ethanol and chemicals. Target customers and competitors for the project in Taylorville in
PADD II, as well as in PADD I, have been identified and discussed in this section.

1.2 SULFUR INDUSTRY PROFILE
7.2.1 Consumer Profiles

Table 7.1 shows major sulfuric acid producers within PADDs | and Il. Raw materials for each of
the plants have been identified. Several of these plants process spent sulfuric acid and only
purchase part of their throughput as elemental sulfur. The sulfuric acid regeneration business is
an important aspect of the sulfuric acid business, and spent acid from oil refineries and other
chemical processing plants is returned to sulfuric acid producers who regenerate pure acid from
the spent acid. Other sulfuric acid producers are based on smelter by-product sulfur or run
completely on spent acid, rather than on elemental sulfur.
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Table 7.1 Sulfuric Acid Producers
Capacity — Thousand Metric Tons

Company Location State PADD Capacity  Raw Material

Valero Energy Corp Delaware City Delaware 1 190 70% SO2 in Utility off gases, 30% Sludge

CF Industries Plant City Florida 1 2,400 100% Elemental; Captive

The Mosaic Company Bartow Florida 1 4,120 100% Elemental; Captive

The Mosaic Company New Wales Florida 1 3,930 100% Elemental; Captive

The Mosaic Company Nichols Florida 1 735 100% Elemental; mostly captive

The Mosaic Company Riverview Florida 1 1,940 100% Elemental; mostly captive

PCS Phosphate Co White Springs  Florida 1 3,050 100% Elemental, Partly Captive

Tampa Electric Company Polk County  Florida 1 65 S0O2 and H2S in Utility off gases

General Chemical Corp Augusta Georgia 1 260 100% Elemental, Partly Captive

Southern States Chemical Savannah Georgia 1 135 100% Elemental, 100% Merchant

Tronox Inc. Savannah Georgia 1 245 100% Elemental, mostly captive

General Chemical Corp Newark New Jersey 1 140 100% Elemental

PVS Chemicals Buffalo New York 1 110 20% Elemental, 80% Sludge

PCS Phosphate Co Aurora North Carolina 1 3,285 100% Elemental; Captive

Southern States Chemical Wilmington North Carolina 1 60 100% Elemental, Merchant

Elementis Pigments Easton Pennsylvania 1 15 Ferrous S.ulfate,_ matltiegle ez
byproduct; Captive

Langeloth International Langeloth Pennsylvania 1 35 100% Molybdenum Smelter gas

DuPont Richmond Virginia 1 85 100% Elemental; Partly Captive

Honeywell International Hopewell Virginia 1 390 100% Elemental, Captive

Lucite International Belle West Virginia 1 110 100% Sludge; Captive

Wheeling Pittsburgh Steel Corp  Follanshee West Virginia 1 25 100% H2S From coke oven gas, captive

Big River Zinc Sauget Illinois 2 135 100% Zinc smelter Gases

PVS Chemical Solutions Chicago Illinois 2 80 100% Elemental

Rhodia Hammond Indiana 2 270 40% Elemental; 60% Sludge; Partially Captive

Climax Molybdenum Co. Fort Madison  lowa 2 90 40% Molybdenum Smelter Gases; 60% Elemental

Phelps Dodge Corp. Fort Madison  lowa 2 90 40% Molybdenum Smelter Gases; 60% Elemental

DuPont Waurtland Kentucky 2 180 100% Elemental; Partly Captive

The Doe Run Company Herculaneum  Missouri 2 70 100% Lead Smelter Gases

AK Steel Corp Middletown Ohio 2 5 100% H2S From coke oven gas

Chemtrade Logistics Cairo Ohio 2 65 100% Elemental

DuPont North Bend Ohio 2 160 100% Elemental

Marsulex, Inc. Oregon Ohio 2 300 35% Elemental, 65% Sludge, neg H2S

Reliant Energy Niles Ohio 2 10 100% SO2 in utility off gases

Chemtrade Refinery Services  Tulsa Oklahoma 2 60 100% Elemental

Lucite International Memphis Tennesse 2 250 100% Sludge; Captive

Zinifex Clarksville Clarksville Tennesse 2 135 100% Zinc smelter gases, partly captive

Table 7.2 lists the major sulfur dioxide producers in PADDs | and Il. Sulfur dioxide is either
produced by burning sulfur or recovered from flue gas, particularly at ore smelting (copper, lead
or zinc) operations. It can be used in different industries such as in chemicals, pulp and paper,
water and waste treatments, metal and ore refining, oil recovery and refining, and other
miscellaneous functions such as for the sulfonation of oils or as a reducing agent. Historically,
the primary use of sulfur dioxide has been in the production of sodium hydrosulfite, which is
consumed mainly as a bleaching agent by the textile and the pulp and paper industries and for the
production of other chemicals. It is also essential in the agricultural and food processing sectors.
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Table 7.2 Sulfur Dioxide Producers
Capacity — Thousand Metric Tons
Company Location State PADD Capacity
PVS Chemical Solutions Chicago lllinois 2 40
Chemtrade Logistics Cairo Ohio 2 20
Olin Corp Charleston Tennesse 2 45

Nexant contacted a range of sulfur consumers in PADD 1 covering a range of uses including
sulfuric acid production and other sulfur chemicals.

Rhodia Group is one of the leading companies which develops and produces specialty
chemicals including sulfur dioxide and sulfuric acid. They have one location within PADD |1 at
Hammond, Indiana which produces sulfuric acid. According to one of Rhodia’s supply
managers, located in Domingues, California, there are long term growth prospects for their
products. Nevertheless, overall growth will depend on the state of the economy and therefore the
short term outlook is expected to decline. The supply manager would not provide the annual
volumes of sulfur that the company uses or disclose the names and price at which they purchase
sulfur from their suppliers because that is private company information. He also could not reveal
their contract terms, with regard to how long their contracts typically last with their suppliers.
However, according to Rhodia, they do use the VVancouver and Tampa sulfur prices as a basis for
the price they purchase their sulfur, depending on the location of the plant.

PVS Chemicals, Inc. is a global manufacturer, distributor and marketer of chemicals. It
produces many different types of sulfur products including sulfuric acid (multiple grades and
strengths), liquid sulfur dioxide, molten sulfur, ammonium thiosulfate, sodium thiosulfate, and
many others. The subsidiary, PVS Chemical Solutions, has operations in Chicago, Illinois
(PADD I1), where it produces sulfuric acid and sulfur dioxide. It also has operations in Buffalo,
New York (PADD 1) and Coplay, Ohio (PADD Il). According to a representative at PVS
Chemical Solutions in Chicago, Illinois, there are difficulties in the global sulfuric acid market.
It is currently in oversupply around the world, on the order of millions of tons in oversupply.
Molten sulfur is currently balanced but could be in oversupply depending on development of the
Canadian oil sands which contains about 1.2 to 1.3 billion tons of sulfur. The Gulf Coast is
currently the largest consumer of sulfur, more specifically Louisiana and Mississippi, along with
Florida in PADD I, as the largest consumer of molten sulfur. PVS Chemical Solutions would not
reveal the annual volumes of sulfur that the company uses or provide the names and price at
which it purchases sulfur from its suppliers because that is private company information.
However, there are three refineries around the Chicago, Illinois area from which it receives its
sulfur and the key driver for sulfur supply is the freight costs. PVC Chemical Solutions also
acknowledged that it resells any excess sulfur leftover from its chemical operations. It affirmed
that the company uses a formula based on the Tampa sulfur price for the price at which it
purchases sulfur from the refineries. It also stated that the company’s contract terms vary
between suppliers but they usually have a one to three year contract with suppliers.

The Doe Run Company is a natural resource company focused on metals mining, smelting,
recycling and fabrication. The company’s smelting division is located in Herculaneum, Missouri
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(PADD I1). A representative from the smelting division at the Doe Run Company stated that
they do not use sulfur for their sulfuric acid production. Their sulfuric acid production is based
on their smelter by-product. The Doe Run Company burns sulfur dioxide which is recovered
from their flue gas at the ore smelting operations, and then they produce sulfuric acid.

7.2.2  Producer Profiles

Table 7.3 displays the elemental sulfur producers within PADD | and PADD Il. Elemental
sulfur is recovered from oil refinery acid gas streams, containing sulfuric acid and sulfur dioxide.
It can also be recovered from natural gas production, where sulfuric acid is removed from the
raw gas. Elemental sulfur is mainly used to produce sulfuric acid, typically for fertilizer
manufacture, sulfur dioxide, phosphorous pentasulfide, rubber vulcanizing and also in pulp and
paper uses.
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Table 7.3 Elemental Sulfur Producers
(Capacity — Thousand Metric Tons)
Company Location State PADD  Capacity Raw Material
Valero Delaware City Delaware 1 440 Refinery
Exxon Mobil Jay Florida 1 107 Natural Gas
Chemical Products Corporation Cartersville Georgia 1 7 Sulfur Chemicals
byproduct
Amerada Hess Corp Port Reading New Jersey 1 5 Refinery
ConocoPhillips Linden New Jersey 1 145 Refinery
Sunoco, Inc. Westville New Jersey 1 30 Refinery
Valero Paulshoro New Jersey 1 90 Refinery
ConocoPhillips Marcus Hook Pennsylvania 1 60 Refinery
Sunoco, Inc. Philadelphia Pennsylvania 1 95 Refinery
United Refining Company Warren Pennsylvania 1 15 Refinery
Giant Industries Grafton Virginia 1 66 Refinery
Ergon Newell West Virginia 1 na Refinery
CITGO Lemont Illinois 2 320 Refinery
ConocoPhillips Wood River Illinois 2 150 Refinery
Exxon Mobil Joliet Illinois 2 145 Refinery
Marathon Petroleum Robinson Illinois 2 15 Refinery
A Qas I ) St. EImo lllinois 2 5 Natural Gas
of America
BP America, Inc. Whiting Indiana 2 160 Refinery
Coffgywlle Resources Nitrogen Coffeyville Kansas 2 5 Refinery
Fertlizers
Frontier El Dorado El Dorado Kansas 2 75 Refinery
Tessenderlo Kerley Coffeyville Kansas 2 na Refinery
Tessenderlo Kerley McPherson Kansas 2 na Refinery
Marathon Petroleum Catlettshurg Kentucky 2 135 Refinery
Marathon Petroleum Detroit Michigan 2 25 Refinery
Merit Energy Company Fredric Michigan 2 5 Natural Gas
Shell Exploration & Production Manistee Michigan 2 10 Natural Gas
Company
Flint Hills Resources Inver Grove Heights Minnesota 2 265 Refinery
Marathon Petroleum St. Paul Park Minnesota 2 55 Refinery
Amerada Hess Corp Tioga North Dakota 2 74 Natural Gas
Bear Paw Energy L.L.C Lignite North Dakota 2 2 Natural Gas
Petro-Hunt, LLC Killdeer North Dakota 2 45 Natural Gas
Tesoro Mandan North Dakota 2 5 Refinery
BP America, Inc. Toledo Ohio 2 35 Refinery
Ineos Lima Ohio 2 13 Refinery
Marathon Petroleum Canton Ohio 2 35 Refinery
Sunoco, Inc. Toledo Ohio 2 15 Refinery
Valero Lima Ohio 2 15 Refinery
Jupiter Sulfur Ponca City Oklahoma 2 40 Refinery
Sinclair Oil Tulsa Oklahoma 2 15 Refinery
Valero Ardmore Oklahoma 2 35 Refinery
Eastman Chemical Kingsport Tennesse 2 20 Coal Gasification
Valero Memphis Tennesse 2 15 Refinery
Murphy Oil Superior Wisconsin 2 5 Refinery
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Other domestic sulfur producers will be the main competition for the Taylorville project, should
the project choose to produce sulfur. Nexant’s contact with one major sulfur producer in the
United States is summarized below.

The Montana Sulphur and Chemical Company is one of the major manufacturers of sulfur
and sulfur based products for agriculture and industry. They have one location in PADD 1V in
Billings, Montana which has a capacity of 80 thousand metric tons per year. The company
produces sugar-house (flaked) sulfur, high purity hydrogen sulfide, high purity sulfur prill,
disintegrating 90 percent sulfur and molten sulfur. According to a representative at Montana
Sulphur there is a large surplus of sulfur on the market right now and major users are currently
buying at a conservative rate. The person stated that having molten sulfur on hand right now is
not a good idea and that sulfuric acid is very plentiful as well. The Montana Sulphur
representative also stated that the marketplace is usually in a constant state of flux with
conditions always changing.

7.3 SULFURIC ACID INDUSTRY PROFILE
7.3.1 Consumer Profiles
7.3.1.1 Pulp and Paper

Tables 7.4 and 7.5 display Pulp and Paper Mills within PADD | and PADD 11, respectively. The
pulp and paper industries use sulfuric acid as a neutralizer as well as a non-chlorinated chemical
for the bleaching of kraft pulp, among a number of other uses.
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Table 7.4 PADD | Pulp and Paper Mills
Paper Production Capacity — Thousand Metric Tons
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Table 7.4 PADD | Pulp and Paper Mills (Cont'd.)
Paper Production Capacity — Thousand Metric Tons
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Table 7.4 PADD | Pulp and Paper Mills (Cont'd.)
Paper Production Capacity — Thousand Metric Tons
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Table 7.4 PADD | Pulp and Paper Mills (Cont'd.)
Paper Production Capacity — Thousand Metric Tons
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Table 7.5 PADD Il Pulp and Paper Mills
Paper Production Capacity — Thousand Metric Tons

[0 Nevanr U.S. Sulfur/Sulfuric Acid Market Analysis 71

Q209_01436.001.11



Section 7

Industry Profiles for PADDs | and Il

Table 7.5 PADD Il Pulp and Paper Mills (Cont'd.)
Paper Production Capacity — Thousand Metric Tons
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Table 7.5 PADD Il Pulp and Paper Mills (Cont'd.)
Paper Production Capacity — Thousand Metric Tons
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Table 7.5 PADD Il Pulp and Paper Mills (Cont'd.)
Paper Production Capacity — Thousand Metric Tons

Owner Location State Capacity

Temple-Inland Corp. Maysville KY 486
Temple-Inland Corp. New Johnsonville TN 330
Temple-Inland Corp., Premier Boxboard Ltd. Cayuga IN 323
Thilmany, LLC Kaukauna WI 200
Thilmany, LLC De Pere Wi 65
U.S. Paper Mills Corp. De Pere Wi 35
United States Gypsum Co. North Kansas City MO 35
United States Gypsum Corp. Otsego Ml 228
Valley Converting Co. Toronto OH 39
Verso Paper Holdings LLC Norway, Quinnesec Mill  MI 605
Verso Paper Holdings LLC Sartell MN 310
Wausau Paper Corp. Brokaw WI 176
Wausau Paper Corp. Mosinee WI 116
Wausau-Mosinee Paper Corp Brainerd MN 155
Wausau-Mosinee Paper Corp. Rhinelander wi 199
White Pigeon Paper Co. White Pigeon Mi 70
Wisconsin Paperboard(Newark Group) Milwaukee wi 152
Total 25,325

As the Kraft Process for pulp making requires sulfuric acid amongst other paper making
processes, and due to the large amount of paper production in the United States, particularly in
PADD I and II, the pulp and paper industry are large end users of sulfuric acid. Summarized
below are contacts with major players in the pulp and paper industry in the United States.

International Paper Company is a global paper and packaging company that is complemented
by an extensive North American merchant distribution system, with primary markets and
manufacturing operations in North America, Europe, Latin America, Russia, Asia and North
Africa. International Paper had sales in 2007 of $22 billion and for 2007 was ranked No. 93
among Fortune 500 companies. They operate 16 pulp, paper and packaging mills, 85 converting
and packaging plants and 4 wood products facilities in the United States. International Paper
stated that they expect demand growth in sulfuric acid for the pulp and paper industry to be flat.
They currently source their sulfuric acid from various suppliers. Pricing for purchased sulfuric
acid is done through bidding, with the lowest delivered price generally winning the contract, and
is done on a case by case basis for each mill location. Long and short term supply contracts are
possible, though many suppliers are wary to lock in a price for a long term contract as there has
been considerable volatility in the sulfuric acid price in recent years. International Paper stated
that they would welcome a new source of supply, as long as the price was favorable.

Georgia-Pacific is one of the world's leading manufacturers of tissue, pulp, paper, packaging,
building products and related chemicals. They have approximately 300 manufacturing facilities
across North America, South America and Europe, ranging from large pulp, paper and tissue
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operations to gypsum plants, box plants and building products complexes. Headquartered in
Atlanta, Georgia-Pacific employs more than 45,000 people at approximately 300 locations
worldwide. In 2005 it was acquired as a wholly owned subsidiary of Koch Industries, Inc., a
privately owned company based in Wichita, Kansas. Similar to International Paper’s view of
demand growth for sulfuric acid in the pulp and paper industry, Georgia-Pacific expects demand
growth to be flat. Unlike the situation with International Paper, Georgia-Pacific’s sulfuric acid
purchasing for the entire company is handled through their corporate office. Georgia-Pacific
corporate stated that they generally do not accept unsolicited offers from vendors.

Smurfit-Stone is another one of the largest pulp and paper manufacturers in the United States.
They operate approximately 150 facilities with nearly 22,000 employees in the United States,
Canada, Mexico, and Asia. Smurfit-Stone stated that they too see demand growth for sulfuric
acid in the pulp and paper industry as flat. They currently are supplied with sulfuric acid by
Chemtrade Logistics, and Norfalco. Smurfit-Stone’s stated that their choice of supplier is based
upon the bidding for the lowest possible price. Long and short term contracts are available, and
interest in a new supplier is largely dependant on pricing.

7.3.1.2 Integrated Steel Mills

Table 7.6 lists integrated steel mills in PADDs | and Il. Steel mills use an acid bath to do what is
called “pickling” of steel, a purification step removing scale and other undesirables from the
final product. In excess of half of all steel products are pickled. Sulfuric acid and hydrochloric
acid are used for pickling of carbon steel, which accounts for in excess of 90 percent of steel
manufactured in the United States. Beginning in the mid 1960’s the trend has been to use
hydrochloric acid instead of sulfuric acid because it is less expensive, cleaner, requires a smaller
amount of acid, has a higher utilization of acid, lower steam consumption, less waste pickle
liquor, and creates a more uniformed product. Typically hydrochloric acid is used for continuous
and so called push pull pickling, whereas sulfuric acid is still used for batch-wise pickling.
Nexant’s relevant contacts with the steel industry are summarized below.

ArcelorMittal is the world's largest steel company, present in more than 60 countries. It led the
consolidation of the world steel industry, and as a result is the leader in all major global markets,
including automotive, construction, household appliances and packaging. The Group leads in
R&D and technology, holds sizeable captive supplies of raw materials and operates extensive
distribution networks. Its industrial presence in Europe, Asia, Africa and America gives the
Group exposure to all the key steel markets, from emerging to mature. ArcelorMittal key
financials for 2008 show revenues of $124.9 billion and crude steel production of 103.3 million
tons, representing approximately 10% of world steel output. ArcelorMittal stated that they no
longer use sulfuric acid in the pickling process, opting to use hydrochloric acid instead. They
stated that they expect sulfuric acid demand growth in the steel industry to be negative, as the
trend is towards using hydrochloric acid in place of sulfuric acid; additionally this is a tough time
for the steel industry as the economic crisis has drastically reduced both the price and demand for
steel in the United States. However, substitution of other acids for sulfuric acid is will not
necessarily create a depression of demand, as sulfuric acid is used to produce some other acids
commonly used as replacements such as hydrochloric and hydrofluoric acids.
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Integrated Steel Mills in PADDs | and |l
Steel Production Capacity — Thousand Metric Tons

Company City State PADD Capacity

ArcelorMittal Bethlehem PA 1 274
ArcelorMittal Sparrows Point  MD 1 52
Georgetown Georgetown SC 1 307
U.S. Steel Edgar Thomson PA 1 1115
ArcelorMittal Weirton WVa 1 2200
AK Steel Ashland OH 2 2657
AK Steel Middletown OH 2 2657
ArcelorMittal Burns Harbor IN 2 3400
ArcelorMittal Indiana Harbor  IN 2 3200
Interlake S. Chicago IL 2 307
LTV/Cleveland Cleveland OH 2 2900
LTV/Ind. Harbor Ind. Harbor IN 2 3086
McLouth Detroit Mi 2 760
National Granite City IL 2 888
National Great Lakes Mi 2 1090
Severstal Rouge Mi 2 710
U.S. Steel Gary IN 2 3496
USS/Kobe joint venture Lorain OH 2 1115
WCI Steel Warren OH 2 1000
Wheeling-Pittsburg Steubenville OH 2 450
PADD 1 3,947
PADD 2 27,716

7.3.1.3  Ethanol

Ethanol is another consumer of sulfuric acid in the United States. Though only consuming a
small amount of sulfuric acid per unit of ethanol produced, due to the amount of ethanol
produced in this country, a significant amount of sulfuric acid is in fact used by the ethanol
industry. Table 7.7 presents the ethanol production capacities in PADDs I and II.
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Table 7.7 Ethanol Production Capacity in PADDs | and |l
Capacity — Millions of Gallons per Year
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Table 7.7 Ethanol Production Capacity in PADDs | and Il (Cont'd.)
Capacity — Millions of Gallons per Year
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Table 7.7 Ethanol Production Capacity in PADDs | and Il (Cont'd.)
Capacity — Millions of Gallons per Year
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Ethanol, though only using a small amount of acid per gallon produced, is a very large end user
of sulfuric acid domestically due to the volume of ethanol produced in the United States.
Nexant’s relevant contacts with the ethanol industry are summarized below.

Poet, formerly known as Broin, is the largest Ethanol producer in the United States. With a
network of 26 plants in seven states producing over one billion gallons of ethanol annually, their
facilities are the most successful and profitable in the industry. Poet consumes roughly 13
million pounds (about 6,000 metric tons) of sulfuric acid annually as part of the ethanol
production process. Poet expects demand growth for sulfuric acid in the ethanol industry as flat
to negative, as the industry is trying to become more efficient, and is trying to diminish sulfuric
acid use, though they stated that the technology is not there yet. Though Poet is currently
supplied by Hawkins, Inc., a sulfuric acid supplier in the Midwest, a supply agreement that was
just entered into, Poet invites new suppliers to bid for supply in 2-3 years when the current
supply contract expires. Suppliers will be chosen based upon two criteria, the first of which is
price. Similar to other consumers of sulfuric acid, supply contracts are bid on, with the low
bidder generally winning the supply. The second criterion is security of supply. Poet stated that
they would not be able to accept a supply interruption as this would force a pause in production.

Advanced Bioenergy, LLC is another large ethanol producer in the Midwest. With plants in
South Dakota, and Nebraska, they too are significant consumers of sulfuric acid. Advanced
bioenergy consumes 200 million gallons of sulfuric acid annually. While they do not expect
demand to increase for sulfuric acid, they also stated that they do not see that the demand by the
ethanol industry will be decreased as the Renewable Fuel Standard (RFS) is increasing the
demand for ethanol. The increased demand for ethanol is expected to increase domestic
production, which in turn will increase the amount of consumers, buffering against demand loss
due to increased efficiencies and lower consumption per gallon of ethanol produced.

7.3.1.4 Chemical Companies

Virtually all chemical companies have some requirement for sulfuric acid. This can be as a
reagent, catalyst for a reaction, or as a pH adjustment or neutralizer amongst other uses. Tables
7.9 and 7.10 present chemical companies in PADDs | and Il respectively. This listing includes
chemical retailers such as Sigma Aldrich and Malinckrodt, who are distributors, typically to
laboratories, and typically in smaller quantities. Also included in this listing are the larger
chemical companies such as DOW and Carolina Eastman, who are chemical manufacturers.
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Table 7.8 PADD | Chemical Companies
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Table 7.8

PADD | Chemical Companies (Cont'd.)
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Table 7.8

PADD | Chemical Companies (Cont'd.)
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Table 7.8

PADD | Chemical Companies (Cont'd.)

O Nexant

U.S. Sulfur/Sulfuric Acid Market Analysis

Q209_01436.001.11

84



Section 7

Industry Profiles for PADDs | and Il

Table 7.8

PADD | Chemical Companies (Cont'd.)
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Table 7.8

PADD | Chemical Companies (Cont'd.)
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Table 7.8

PADD | Chemical Companies (Cont'd.)
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Table 7.9 PADD Il Chemical Companies
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Table 7.9

PADD Il Chemical Companies (Cont'd)
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Table 7.9

PADD Il Chemical Companies (Cont'd)
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Table 7.9

PADD Il Chemical Companies (Cont'd)
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Table 7.9

PADD Il Chemical Companies (Cont'd)
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7.3.2

Sulfuric Acid Producer Profiles

Sulfuric acid producers within PADDs | and Il are presented in Table 7.10.

Table 7.10
Company Location State
Valero Energy Corp Delaware City Delaware
CF Industries Plant City Florida
The Mosaic Company Bartow Florida
The Mosaic Company New Wales Florida
The Mosaic Company Nichols Florida
The Mosaic Company Riverview Florida
PCS Phosphate Co White Springs  Florida
Tampa Electric Company Polk County  Florida
General Chemical Corp Augusta Georgia
Southern States Chemical Savannah Georgia
Tronox Inc. Savannah Georgia
General Chemical Corp Newark New Jersey
PVS Chemicals Buffalo New York
PCS Phosphate Co Aurora North Carolina
Southern States Chemical Wilmington North Carolina
Elementis Pigments Easton Pennsylvania
Langeloth International Langeloth Pennsylvania
DuPont Richmond Virginia
Honeywell International Hopewell Virginia
Lucite International Belle West Virginia
Wheeling Pittsburgh Steel Corp  Follanshee West Virginia
Big River Zinc Sauget Ilinois
PVS Chemical Solutions Chicago Illinois
Rhodia Hammond Indiana
Climax Molybdenum Co. Fort Madison  lowa
Phelps Dodge Corp. Fort Madison  lowa
DuPont Wurtland Kentucky
The Doe Run Company Herculaneum  Missouri
AK Steel Corp Middletown Ohio
Chemtrade Logistics Cairo Ohio
DuPont North Bend Ohio
Marsulex, Inc. Oregon Ohio
Reliant Energy Niles Ohio
Chemtrade Refinery Services  Tulsa Oklahoma
Lucite International Memphis Tennesse
Zinifex Clarksville Clarksville Tennesse

Sulfuric Acid Producers

PADD Capacity
190
2,400
4,120
3,930
735
1,940
3,050
65
260
135
245
140
110
3,285
60

15

35
85
390
110
25
135
80
270
90
90
180
70

65
160
300

10

60
250
135
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Capacity — Thousand Metric Tons

Raw Material

70% SO2 in Utility off gases, 30% Sludge
100% Elemental; Captive

100% Elemental; Captive

100% Elemental; Captive

100% Elemental; mostly captive

100% Elemental; mostly captive

100% Elemental, Partly Captive

S02 and H2S in Utility off gases

100% Elemental, Partly Captive

100% Elemental, 100% Merchant

100% Elemental, mostly captive

100% Elemental

20% Elemental, 80% Sludge

100% Elemental; Captive

100% Elemental, Merchant

Ferrous Sulfate; High Purity iron oxides as
byproduct; Captive

100% Molybdenum Smelter gas

100% Elemental; Partly Captive

100% Elemental, Captive

100% Sludge; Captive

100% H2S From coke oven gas, captive
100% Zinc smelter Gases

100% Elemental

40% Elemental; 60% Sludge; Partially Captive
40% Molybdenum Smelter Gases; 60% Elemental
40% Molybdenum Smelter Gases; 60% Elemental
100% Elemental; Partly Captive

100% Lead Smelter Gases

100% H2S From coke oven gas

100% Elemental

100% Elemental

35% Elemental, 65% Sludge, neg H2S
100% SO2 in utility off gases

100% Elemental

100% Sludge; Captive

100% Zinc smelter gases, partly captive
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74 RELAVENCE TO TENASKA
7.4.1 Sulfur
7.4.1.1 Potential Customers

A listing of potential sulfur consumers in Illinois is presented in Table 7.11, and as a map in
Figure 7.1. Nexant has identified only 2 possible customers for sulfur produced at Taylorville.
One is almost 200 miles away in Chicago, while the other is about 70 miles away in Sauget, just
outside of St. Louis.

Table 7.11 Sulfur Consumers in lllinois

Figure 7.1 Sulfur Consumers in Illinois

7.4.1.2 Potential Competition

A listing of potential competitors in Illinois is presented in Table 7.12, and as a map in Figure
7.2. All of the possible competitors are closer to the possible customers than the Taylorville
plant, allowing for a potential logistical advantage over Tenaska.
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Table 7.12 Potential Key Competitors

Figure 7.2 Potential Key Competitors

7.4.2 Sulfuric Acid
7.4.2.1 Potential Customers

A listing of potential sulfuric acid consumers in Illinois is presented in Tables 7.13 through 7.16,
and is displayed on a map in Figure 7.3 below. Chemical companies are clustered near Chicago,
almost 200 miles from Taylorville, while other consumers are spread throughout the state.
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Table 7.13 Chemical Companies in lllinois
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Table 7.14 Pulp and Paper Mills in lllinois

Table 7.15 Integrated Steel Mills in Illinois

Table 7.16 Ethanol Plants in Illinois
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Figure 7.3 Sulfuric Acid Consumers in lllinois

W e

o
..... 3

@ Integrated Steel Mills @ Ethanol Plants
O Pulp and Paper Mills ® Chemical Companies

7.4.2.2 Potential Competition

A listing of potential sulfuric acid producers in Illinois is presented in Table 7.17 below, and is
displayed on a map in Figure 7.4 below. Illinois has only two possible competitors with regard
to sulfuric acid.

Table 7.17 Sulfuric Acid Producers in Illinois
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Figure 7.4

Sulfuric Acid Producers in lllinois
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Section 8 Pricing

8.1 INTRODUCTION

The major price setting hub for sulfur and sulfuric acid in the United States is Tampa, Florida.
Prices are set here for sulfur by negotiations between sulfur producers and the fertilizer industry.
Sulfuric acid prices are set by supply and demand conditions, but sulfur price is a major
component in sulfuric acid cost. Historically, both sulfur and sulfuric acid prices have been
volatile, similar to most commodity industries that periodically suffer from boom and bust
cycles.

8.2 MOLTEN SULFUR

There are many different price assessments in the global market for sulfur which include:

. FOB Vancouver spot or contract (USD/MT)

" CFR Tampa (USD/LT)

. CFR China (USD/MT)

" FOB Black Sea (USD/MT)

" Liquid Sulfur (USD/MT)

" DEL Benelux (USD/MT)

. FOB Saudi/Kuwait/UAE (low-end N African contracts) (USD/MT)

" CFR Mediterranean spot (USD/MT)

. CFR North Africa contract (USD/MT)

" CFR India (USD/MT)

. FOB Iran (formed) (USD/MT)

" FOB Mideast (USD/MT)

Globally, prices are usually quoted for sulfur traded in formed, crushed bulk or flaked form and
in liquid (molten) form for the United States. Spot prices for China are for recovered sulfur. The
major reference prices in the global sulfur market are the FOB Vancouver contract (formed
sulfur), FOB Saudi/Kuwait/UAE (contract and spot), FOB Iran (spot) and FOB Black Sea
(contract and spot) quotes. In the United States, market pricing is determined by the quarterly

price negotiations between the sulfur producers and the phosphate fertilizer industry which are
represented by the Tampa quotation.

The majority of sulfur shipped in the United States is shipped in its molten state. For large
quantities of molten sulfur, rail tank cars or barges are typically used for shipment. Trucks are
usually used to move small quantities of molten sulfur for consumers closer to the supplier. A
key issue for suppliers is the freight cost to ship molten sulfur to a particular customer.
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The sections below discuss the historical and forecast pricing of molten sulfur at the benchmark
Tampa location, along with relative freight rates to ship the product around the country and the
resulting netbacks for the facility in Taylorville.

8.2.1 FOB Pricing

Global sulfur prices are typically set by low cost production in remote locations that then must be
shipped to market. Thus, in addition to Tampa, Florida, FOB Vancouver sulfur pricing is a key
indication of global sulfur pricing, reflecting the major quantities of sulfur produced and
exported from Western Canada and the remote location of some of the region’s major production
locations.

The United States Gulf Coast price for liquid sulfur compared to Vancouver’s FOB price for
solid sulfur indicates that the two markets function independently much of the time. The North
American market is somewhat unique in that it consumes almost entirely liquid sulfur, while the
rest of the world works almost entirely with solid sulfur. United States sulfur consumers are not
presently equipped to re-melt solid sulfur, so they are serviced by liquid sulfur suppliers: the
United States, Western Canada, Mexico, Venezuela, and Germany. This prevents the United
States from having access to most of the sulfur on the world spot market and increases the
potential for volatility in the North American market.

As shown in Figure 8.1, sulfur pricing has generally been stable between 2000 and 2007, with
prices in the $30-$60 per metric ton. Price volatility within this range can be primarily attributed
to Canadian sulfur producers and the delicate balance they strike between oversupplying the
market, achieving positive returns, and a growing sulfur inventory stockpile. In early 2008
sulfur prices increased sharply, peaking at over US$639 per ton during the third quarter of 2008.
This flyup can be attributed to the general flyup in commodity prices that occurred during that
period, including similar flyups in the price of crude oil, steel, commodity chemicals, etc.
During the first quarter of 2009, the price of sulfur has collapsed due to the decline in crude oil
prices and the global and United States economic slowdown, reaching about US$5 per ton in
Vancouver. Figure 8.1 also demonstrates that prices in each of the three key markets in the
United States track each other very closely.
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Figure 8.1 North American Sulfur Price Trend
Nominal Dollars per Metric Ton
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Historically, volatility in sulfur prices has been somewhat controlled by the ability of the
industry to react to surpluses or deficits by adjusting the percentage coming from dedicated
production from sulfur mining. The expectation is that future pricing of the sulfur market in the
Western Hemisphere will become somewhat more volatile than in the past. Now that deliberate
(optional) production, which once provided a stabilizing force, or buffer, for the market, has
essentially disappeared in the Hemisphere, the market faces the prospect of growing excesses of
sulfur supply produced as a byproduct from refineries and gas processing plants, and thus has
lost an important balancing factor to moderate prices. Other factors that result in volatility
include sulfur’s highly fragmented consumption pattern, except for sulfuric acid, which is more
consolidated. However, sulfuric acid demand itself is mostly dependent on the phosphate
fertilizer market, which is, in turn, also volatile. Therefore, sulfur and sulfuric acid both have
interrelated markets that are dependent on the relatively volatile and seasonal agricultural
market.

Historical and forecast sulfur prices in Tampa are summarized in Table 8.1 and Figure 8.2, along
with an estimated price for sulfur in Illinois. As previously explained, benchmark prices in the
United States are set at Tampa, and prices for sulfur in Illinois have been set relative to Tampa
based on the cost of shipping sulfur from Illinois (which is surplus in sulfur) to Tampa (which is
deficit in sulfur). Specifically, prices in Illinois are estimated based on the quoted price
differential between Tampa and New Orleans (which is also a commonly available quotation),
less the cost to ship sulfur from Illinois to New Orleans by barge. The New Orleans quoted price
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is marginally lower than the Tampa price, reflecting the fact that PADD 3 is surplus in sulfur.
Sulfur prices are forecast to increase about 3 percent annually during the forecast period.

Table 8.1 United States Sulfur Prices
Nominal Dollars per Metric Ton
Actual Est. Forecast
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030
Tampa Contract 56 64 66 71 358 50 75 119 138 160 186
Illinois 46 51 55 60 330 40 65 107 125 144 167

Source: Green Markets, Pike and Fisher & Nexant Estimates

Figure 8.2 United States Sulfur Prices
Nominal Dollars per Metric Ton
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8.2.2 Freight Costs

Inventorying and the permanent storage of sulfur are used to balance supply and demand now
that nearly all sulfur is produced as a byproduct. Sulfur is now stored on site in block, granular
or pelletized form. It can also be stored in molten form, but very expensively, in rail tank cars
because there is insufficient storage capacity to handle sulfur generation at refineries and gas
processing plants. The United States Gulf Coast is one of the few places in the world where
sulfur is produced, stored, and shipped in molten form. The molten sulfur is available from
numerous United States refineries and is transported to Louisiana and central Florida for the
production of fertilizers.

Most sulfur elsewhere in the world is formed into solid blocks for storage. The world’s current
block sulfur inventories and government policies on the inventories contribute to volatility.
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Major block inventories in Western Canada and Kazakhstan, and smaller ones in Russia and Iran
could potentially precipitously increase the sulfur supply.

Sulfur can be shipped as a solid in bulk or in molten form as a liquid. At room temperature,
sulfur is a soft, yellow solid while molten sulfur turns a blood red color. Molten sulfur is a
normally carried commodity that uses purpose built cars for transport. The main issue in
transporting sulfur in its molten form is keeping its temperature at about 135°C to 145°C. Short
distance shipments can be done in well insulated containers to maintain sulfur in its molten form.
Sulfur has low thermal conductivity which minimizes heat loss and helps it to preserve heat so it
does not solidify. A heating system is needed to keep sulfur in the liquid state over long
distances.

Large quantities of the product are transported by rail. Molten sulfur needs to be heated until it
becomes a liquid for it to be loaded and unloaded from a tank car. A six inch thick layer of
insulation keeps the contents in the tank car from losing a large amount of heat while being
shipped. Steam is passed through a series of heating coils welded to the tank envelop hidden
under the tank car’s insulation and a thin metal jacket in order to heat the molten sulfur in the car
during unloading.

Table 8.2 displays molten sulfur rail transportation costs from East St. Louis, Illinois to Tampa,
Florida provided by CSX Transportation (St. Louis to Tampa), and Norfolk Southern
(Taylorville to St. Louis) with Nexant estimates of forecast costs. The majority of molten sulfur
is shipped to PADD I, more specifically to North Carolina, Florida and Georgia, the leaders in
the phosphate fertilizer industry. The cost to ship the product increases as the distance between
the supplier and customer grows. Therefore, the distance between suppliers and their customers
is one of the most important issues when it comes for a customer to choose where their supply is
coming from.

Table 8.2 Molten Sulfur Rail Rates
Nominal Dollars per Metric Ton

Actual Est. Forecast

2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030
Taylorville to St. Louis (Rail) 24 27 28 29 30 30 31 34 38 43 48
St. Louis to Tampa 38 43 45 46 43 48 49 515 61 68 7
Taylorville to Tampa 61 71 73 75 78 78 80 89 100 111 125
Taylorville to St. Louis (Truck) 16 33 38 41 56 25 32 43 47 52 57
St. Louis to Tampa 38 43 45 46 43 48 49 515 61 68 7
Taylorville to Tampa 54 76 83 88 104 73 81 97 108 120 134

Source: CSX Transportation, Norfolk Southern and Nexant Estimates

To ship sulfur by ocean on barges, it can be shipped either as a solid or liquid over long
distances. Solid sulfur can be transported in almost any bulk carrier if it has been thoroughly
cleaned in and out. Molten sulfur is shipped in specially designed ships that are equipped with
heating systems to maintain the sulfur in its liquid form. It is more feasible to ship solid sulfur
over molten sulfur because molten sulfur requires special equipment in order to keep the product

O Nexanr U.S. Sulfur/Sulfuric Acid Market Analysis 104

Q209_01436.001.11



Section 8 Pricing

in its liquid form. Therefore, there are not many marine transportation companies that are
willing to ship molten sulfur.

The size of sulfur cargoes varies from 10,000-50,000 tons depending on the producing region.
Middle East sulfur is typically shipped in 10,000-30,000 ton lots while the Former Soviet Union
(FSU) usually transports in smaller 5,000-10,000 ton lots to nearby countries and in
20,000-30,000 ton lots to North Africa. In Canada, sulfur is sold in lots of 30,000-50,000 tons.
Liquid sulfur is generally shipped in 10,000-25,000 ton lots.

Table 8.3 shows molten sulfur barge transportation costs from St. Louis to Tampa provided by
the United States Department of Agriculture (USDA), along with Nexant estimates. The route
for shipment is from East St. Louis, then down the Mississippi River to New Orleans and then to
Tampa by ocean. Barge rates are slightly less than rail transportation.

Table 8.3 Molten Sulfur Barge Rates
Nominal Dollars per Metric Ton

Actual Est. Forecast

2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030
Taylorville to St. Louis (Rail) 24 27 28 29 30 30 31 34 38 43 48
St. Louis to Tampa 12 26 29 26 34 34 34 36 39 42 45
Taylorville to Tampa 35 53 57 55 64 64 65 71 77 85 93
Taylorville to St. Louis (Truck) 16 33 38 41 56 25 32 43 47 52 57
St. Louis to Tampa 12 26 29 26 34 34 34 36 39 42 45
Taylorville to Tampa 28 58 67 68 90 59 66 79 86 94 102

Source: USDA and Nexant Estimates

Sulfur is typically transported in trucks constructed of stainless steel with a capacity of
approximately 25.9 metric tons (3,800 U.S. Gallons). The truck is usually insulated. Tank
trailers used for transporting molten sulfur are generally used to only ship molten sulfur because
it is difficult to clean in order for the tank to transport another commaodity on the return trip or to
another destination. Therefore, the tank is full on the delivery to a customer but empty on the
trip back. In order to reduce the “loaded miles” scenario, a specially designed tank trailer, which
combines a tank for molten sulfur and a bulk carrier, is used. The tank trailer carries molten
sulfur on one trip and then carries a bulk commaodity like fertilizers on the return trip. The type
of trailer which carries molten sulfur and then fertilizers is called a backhaul double and is
generally used in Florida by fertilizer producers to improve trucking economics. They are also
used in Western Canada but carry sulfur and fuel instead.

Table 8.4 shows molten sulfur truck transportation costs for customers within 50 and 100 miles
of the facility in Taylorville provided by CTL Transportation along with Nexant estimates. The
cost to ship molten sulfur is the same for facilities 50 miles or 10 miles from the supplier. The
truck rates include a 17 percent fuel surcharge and a US$35 charge to pump out the product from
the 3,800 U.S. gallon capacity trailer (approximately US$1.33 per metric ton).
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Table 8.4 Molten Sulfur Truck Rates
Nominal Dollars per Metric Ton
Actual Est. Forecast
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030
50 miles 13 26 30 32 44 20 25 33 37 40 45
100 miles 16 33 38 41 56 25 32 43 47 52 57
Source: CTL Transportation, LLC and Nexant Estimates
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8.2.3 Netback to Taylorville

The current sulfur netback to Taylorville is approximately $16 per metric ton, about $16 per
metric ton lower than the sulfur price in Tampa, based on sulfur transportation costs by barge. If
the sulfur were shipped by rail, the current sulfur netback to Taylorville would be about $2 per
metric ton. For facilities within 100 miles of Taylorville, the current sulfur netback is
approximately $14 per metric ton, compared to the $20 per metric ton netback obtained for a
customer within 50 miles.

Nexant’s historical and forecast sulfur prices in Tampa and Illinois with netbacks to Taylorville
are presented in Figure 8.3 and Table 8.5 for each of the transportation scenarios. The netbacks
are slightly different for each scenario, reflecting different fuel surcharge rates for the rail
transportation costs and tariffs for the barge transportation costs. For transport between St. Louis
and Taylorville, two options were considered, namely rail and truck transport. Rail was the
method of transport used in the netback model as it is lower cost, for most of the forecast period.

Figure 8.3 Taylorville Sulfur Netbacks
Nominal Dollars per Metric Ton
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Table 8.5 Taylorville Sulfur Netbacks Values
Nominal Dollars per Metric Ton

Actual Est. Forecast
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030

Tampa Contract Price 56 64 66 71 358 50 75 119 138 160 186
Barge Costs, Rail to St. Louis 3% 53 57 55 64 64 65 71 77 8 93
Sulfur Netback, Taylorville 20 11 9 16 294 -14 10 49 61 75 92
Tampa Contract Price 5% 64 66 71 358 50 75 119 138 160 186
Rail Costs, Rail to St. Louis 61 71 73 75 78 78 80 89 100 111 125
Sulfur Netback, Taylorville S5 7 -7 4 280 -28 -5 30 39 49 61
Illinois Price - 50 miles 46 51 55 60 330 40 65 107 125 144 167
Truck Costs 13 26 30 32 4 20 25 33 37 40 45
Sulfur Netback, Taylorville 33 25 26 28 286 20 39 74 88 104 123
Illinois Price - 100 miles 46 51 55 60 330 40 65 107 125 144 167
Truck Costs 16 33 38 41 56 25 32 43 47 52 57
Sulfur Netback, Taylorville 30 18 17 19 274 14 32 65 77 93 110

8.3 SULFURIC ACID

The price of sulfuric acid is tied in large part to the supply and price of sulfur. When sulfur is in
short supply, the price of sulfur and in turn sulfuric acid increases. Tampa spot prices, taken
over time, for sulfur and sulfuric acid are used as representative of transactions by large buyers
and sellers, namely the fertilizer producers. Nexant profiles industry production economies by
employing the concept of Leader and Laggard cash cost of production. The Leader plant is a
modern double absorption sulfuric acid plant which can take full credit from production of
byproduct steam. A Laggard plant is an older single absorption facility which is unable to use
any portion of the steam byproduct credit. A Laggard plant typically represents the highest cost
component of the industry, and thus can be seen as the marginal source of supply, whereas a
Leader plant is more indicative of the economics of a new acid producer. Tampa sulfuric acid
prices have generally been set by Laggard production economics, except for 2000/2001 when
overcapacity and intense competition drove down prices to approach Leader production
economics. The link between sulfur prices and sulfuric acid prices in Tampa is presented in
Figure 8.4.
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Figure 8.4 Tampa Historical Sulfuric Acid Price Setting Mechanism
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In the United States, sulfur market pricing is determined by the quarterly price negotiations
between sulfur producers and the phosphate fertilizer industry, which in turn is one factor in
determining the price of sulfuric acid.

It should be noted that demand for sulfuric acid is also a key price-setting factor that may drive
the price independently of the price of sulfur. One example of this is the sulfuric acid oversupply
in 2000/2001 that caused a price drop.

The sections below discuss the historical and forecast pricing of sulfuric acid, along with relative
freight rates to ship the product around the country and the netbacks for the facility at
Taylorville.

8.3.1 FOB Pricing

Due to undersupply in PADD Il and an oversupply in PADD I, Midwest sulfuric acid prices tend
to be at a premium to Tampa sulfuric acid prices.

As shown in Figure 8.4, sulfuric acid pricing, outside of the recent flyup period, has been
somewhat volatile through the historical period. The price volatility can be primarily attributed
to Canadian sulfur producers and the delicate balance they struck between oversupplying the
market, achieving positive returns, and a growing sulfur inventory stockpile. As stated
previously, sulfuric acid prices are closely tied to sulfur prices, so price volatility in sulfur
generates price volatility in the sulfuric acid market. In early 2008, sulfur and sulfuric acid
prices sharply increased, reaching record levels in the third quarter of 2008. During the first
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quarter of 2009, the prices have fallen significantly due to the decline in crude oil prices and the
global economic crisis.

As discussed above, Nexant has forecast Tampa sulfuric acid prices at Laggard cash costs of
production. Figure 8.5 and Table 8.6 present the United States sulfuric acid price forecast for
Tampa and the U.S. Midwest.

Figure 8.5 US Sulfuric Acid Price Forecast
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Table 8.6 United States Sulfuric Acid Price Forecast
Nominal Dollars per Metric Ton

Actual Est.  Forecast
2000 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030
Sulfuric Acid, Tampa Spot 22 53 52 61 329 25 50 91 106 123 142
Sulfuric Acid, Illinois Spot 40 59 59 67 346 38 63 105 122 141 164

8.3.2 Freight Costs

Sulfuric acid is typically transported by rail or barge. Rail costs from St. Louis to New Orleans
are currently around $50 per ton, and costs from St. Louis to Tampa are in the range of $60 per
ton. Barge costs for shipments from St. Louis to New Orleans are around $50-60/ton, with costs
of further barging to Tampa from New Orleans in the range of $30/ton. This barge route is
generally not done, PADD II (the Midwest) is an importing region, while PADD | (the East
Coast) is an exporting region. Additionally if large quantities were to be shipped consistently,
Nexant believes that economies of scale may be achieved with freight companies. Rail and
barge rates to Tampa from Taylorville over the forecast period are given in Table 8.8 and 8.9..
Costs for shipping sulfuric acid by truck for distances within 50, and 100 miles are presented in
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Table 8.7 below. Rates are based upon fully loaded trucks of 45,000 Ibs per load, using 2009 as
the base year for the forecast, with a 17 percent fuel surcharge and a $35 per truck pumping fee.
Changes in future truck shipping rates are tied to changes in Nexant’s forecast price for diesel
fuel, which is the major variable cost of shipping by truck.

Table 8.7 Sulfuric Acid Trucking Rates from Taylorville
Nominal Dollars per Metric Ton
Actual Est Forecast
Units ~ 2000 2005 2008 2009 2010 ~ 2015 2020 2025 2030
50 Miles $IMT 14 29 49 22 28 37 41 45 50
100 Miles $IMT 18 36 62 28 36 47 52 57 63

Source: CTL Transportation, LLC and Nexant Estimates

Table 8.8 Sulfuric Acid Rail Rates from Taylorville
Nominal Dollars per Metric Ton

Actual Est. Forecast

Units 2000 2005 2008 2009 2010 2015 2020 2025 2030
Taylorville to St. Louis (Rail) $IMT 24 27 30 30 31 34 38 43 48
St. Louis to Tampa $IMT 28 44 49 50 50 53 57 62 67
Taylorville to Tampa $IMT 52 72 80 80 81 88 96 105 115
Taylorville to St. Louis (Truck) $IMT 18 36 62 28 36 47 52 57 63
St. Louis To Tampa $IMT 28 44 49 50 50 53 57 62 67
Taylorville to Tampa $IMT 46 81 112 78 86 100 109 119 130

Source: CSX, Norfolk Southern, CTL Transportation and Nexant Estimates

Table 8.9 Sulfuric Acid Barge Rates from Taylorville
Nominal Dollars per Metric Ton
Actual Est. Forecast

Units 2000 2005 2008 2009 2010 2015 2020 2025 2030
Taylorville to St. Louis (Rail) $IMT 24 27 30 30 31 34 38 43 48
St. Louis to Tampa $IMT 45 71 79 80 80 85 92 99 107
Taylorville to Tampa $IMT 69 98 109 110 111 120 130 142 155
Taylorville to St. Louis (Truck) $IMT 18 36 62 28 36 47 52 57 63
St. Louis To Tampa $IMT 45 71 79 80 80 85 92 99 107
Taylorville to Tampa $IMT 63 107 141 108 116 132 144 156 170

Source: Kirby, CTL Transportation, Norfolk Southern , and Nexant Estimates

8.3.3 Netback to Taylorville

Netback values for sulfuric acid to Taylorville, based on shipping by barge, rail and truck are
presented in Figure 8.6 and Table 8.10. As barge and rail to Tampa from Taylorville must be
sent via St. Louis, two options were considered for transport between Taylorville and St. Louis,
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namely rail and truck. Rail rates were approximately $30/ton, which is more costly than the
trucking option, which is what is shown in the netbacks. Barge netbacks to Taylorville are
negative in most of the forecast period. The historical period, due to wild price fluctuations has
both the highest and lowest netbacks. These netbacks also show that there is a cost advantage in
shipping sulfuric acid by rail as opposed to barge, in the range of around $15 per ton. Trucking
within 100 miles offers a greater netback to Taylorville than either barge or rail, throughout the
entire time range of interest.

Figure 8.6 Taylorville Sulfuric Acid Netback Values
Nominal Dollars per Metric Ton
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Table 8.10 Taylorville Sulfuric Acid Netback Values
Nominal Dollars per Metric Ton
Actual Est.  Forecast

Units 2000 2005 2008 2009 2010 2015 2020 2025 2030
Tampa Price $IMT 22 53 329 25 50 91 106 123 142
Rail Costs, Rail to St. Louis $IMT 52 72 80 80 81 88 96 105 115
Sulfuric Acid Netback to Taylorville ~ $/MT -30 -19 249 -55 -31 4 10 18 27
Tampa Price $IMT 22 53 329 25 50 91 106 123 142
Barge Costs, Rail to St. Louis $IMT 69 98 109 110 111 120 130 142 155
Sulfuric Acid Netback to Taylorville ~ $/MT -47 -45 220 -85 -61 -28 -25 -19 -13
Illincis Price $IMT 40 59 346 38 63 105 122 141 164
Trucking Costs $IMT 14 29 49 22 28 37 41 45 50
Sulfuric Acid Netback - 50 Miles $IMT 25 30 297 16 34 68 81 96 114
Illincis Price $IMT 40 59 346 38 63 105 122 141 164
Trucking Costs $IMT 18 36 62 28 36 47 52 57 63
Sulfuric Acid Netback - 100 Miles $IMT 22 22 284 10 27 58 70 84 101

84  CONCLUSIONS

The following is a summary of conclusions regarding pricing for sulfur and sulfuric acid.

8.4.1 Sulfur

In addition to Tampa, Florida, FOB Vancouver sulfur pricing is a key indication of global
sulfur pricing, reflecting the major quantities of sulfur produced and exported from
Western Canada and the remote location of some of the region’s major production
locations.

Sulfur pricing has generally been stable between 2000 and 2007, with prices in the $30 to
$60 per metric ton, however, sulfur price peaked at over US$639 per ton in the third
quarter of 2008 due to a flyup in commodity prices

During the first quarter of 2009, the price of sulfur has collapsed due to the decline in
crude oil prices and the global and United States economic slowdown, reaching about
USS$5 per ton in Vancouver

Sulfur can be transported by barge or rail over long distances and by truck for short
distances

The current sulfur netback to Taylorville is negative byt approximately $14 per metric
ton, about $64 per metric ton lower than the sulfur price in Tampa, based on sulfur
transportation costs by barge

The current sulfur netback to Taylorville if shipment were by rail would be negative by
about $28 per metric ton.

Based on truck transportation, for facilities within 100 miles of Taylorville, the current
sulfur netback is approximately $14 per metric ton, compared to the $20 per metric ton
netback obtained for a customer within 50 miles
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8.4.2  Sulfuric Acid

" Tampa, Florida sulfuric acid pricing is a key factor for sulfuric acid pricing in the United
States

" Sulfuric acid prices are tied closely to sulfur prices and Tampa prices are projected to be
at Laggard cash costs.

" During the first quarter of 2009, the price of sulfuric acid has collapsed due to the decline
in sulfur prices, driven by crude oil prices and the global and United States economic
slowdown

. Sulfuric acid can be transported by barge or rail over long distances and by truck for short
distances

" The current sulfuric acid netback to Taylorville is currently negative for barge and rail,

while remaining negative for barge shipments, rail shipments will become slightly
positive reaching $4 per ton by 2015, and $28 per ton by 2030

" The capital cost for a 660-715 STPD sulfuric acid plant is roughly 25 million dollars in
2009 dollars
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Section 9 Relative Attractiveness of Sulfur Versus Sulfuric Acid

Tenaska wants to decide whether to recover sulfur or convert the recovered sulfur into sulfuric
acid. From a market standpoint, both products have large markets. Nexant concludes that
sulfuric acid potentially offers a higher netback than sulfur. This is due to the fact that PADD II
is a net importer of acid, but a net exporter of sulfur. Therefore, the netbacks on acid sales will
likely be closer to those assuming sales in Illinois presented above, say $30 to $114 per metric
ton over the forecast period, but sulfur netbacks may be closer to those assuming sales to Tampa,
say $10 to $90 per metric ton.

However, the marketing of sulfuric acid is complicated due to the highly fragmented nature of
the market. Tenaska would need to retain an experienced sulfuric acid marketer to perform this
task. There are several potential marketers in PADD I, including Chemtrade Logistics and PVS
Sulfur Solutions, who also have a national and international sulfuric acid business position.
Nexant believes a choice between selling sulfur and sulfuric acid can only be made after
negotiating a sulfuric acid marketing agreement. Nexant has had some initial discussions with
Chemtrade Logistics and they suggested potential interest in providing the capital for building
the sulfuric acid plant.

The capital cost for a 660-715 STPD sulfuric acid plant is roughly 25 million dollars in 2009
dollars.
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