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ABSTRACT

 Crude oil is the single biggest energy resource for the transporta-
tion industry. The high cost of gasoline and instability in the Middle 
East has recently resulted in more attention for fuel alternatives in the 
United States for the existing fl eet of vehicles. Biofuels such as ethanol 
and biodiesel have received many tax incentives. More recently, coal-
to-liquids (CTL), a process by which coal is gasifi ed and converted to 
liquid fuel under high temperatures is being proposed as the route to 
energy security. Several bills have been introduced in the Congress to 
amend the Energy Policy Act of 2005. Among other provisions, these 
bills would permit loan guarantees to certain large-scale CTL facilities, 
offer tax credits for investment in CTL projects, and extend the alterna-
tive fuel credit for liquid fuels derived from coal. In this article, CTL is 
reviewed with emphasis on the availability of the coal resource, status of 
technology, its role in alleviating foreign oil dependence, and its role as 
an enhanced emitter of greenhouse gases. Being a vast and distributed 
resource, additional coal technologies will make welcome contributions 
to our energy supply. However, given the cost and the long lead-time 
in building large-scale CTL plants, the coal resource required for meet-
ing demand, and the environmental impacts of associated pollutants, 
coal technologies must be promoted responsibly. To achieve greater 
environmental credibility, nascent technologies such as carbon seques-
tration will have to be deployed in CTL plants. Ultimately, CTL must 
be viewed as one part of a program that includes other aspects such as 
increasing energy effi ciency and promoting less carbon intensive renew-
able sources.
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INTRODUCTION

 The increasing demand for energy and its adverse impact on the 
environment is one of the most pressing problems of the 21st century. 
Petroleum, in particular, supplies nearly 40 percent of our energy de-
mands [1]. The transportation sector is an extremely critical component 
of our society and relies overwhelmingly on petroleum; over 95 percent 
of the energy required for moving goods and passengers is provided by 
petroleum [2]. Mark Twain is known to have said, “Put all your eggs in 
one basket and… watch that basket!” [3]. In general, this would qualify 
as good advice as it leads to economies of scale. However, putting all 
eggs in the petroleum basket is unwise. Nearly 60 percent of the world’s 
supply of oil is underground in the Middle East [4]. Clearly, depending 
on unstable regions of the globe to provide our basic needs is unwise. 
Coal, on the other hand, is more widely distributed, with the United 
States possessing the world’s largest known reserves. Not surprisingly, 
attention has been drawn to extracting liquid transportation fuel from 
coal both in the United States and in coal-rich countries with severe 
energy needs.
 Coal-to-liquids (CTL) is a technology that converts coal to liquid 
fuel under high pressures and temperatures. CTL was used to primarily 
meet the liquid fuel needs of Germany during World War II. Decades 
later, from the 1950s onwards CTL was used extensively to meet the 
fuel needs of South Africa. SASOL, a South African company, is a global 
leader in the indirect liquefaction technology, with the world’s largest 
CTL plants at Secunda in South Africa with a capacity of 150,000 bar-
rels per day (bbl/day) [5]. Currently, nearly 36 percent of South Africa’s 
liquid fuel needs are met through the CTL process [6].
 The conversion of coal can take place through one of two process-
es: In the fi rst process, “direct liquefaction,” coal undergoes a chemical 
reaction in the presence of hydrogen at high temperatures and produces 
liquid fuel. This liquid is of low quality, expensive to purify, and typi-
cally not pursued for commercial production of liquid fuel though this 
concept is being investigated in China. In the second and rather well-de-
veloped process termed “indirect liquefaction,” coal is fi rst converted to 
gas (“syngas”) and then undergoes the Fischer-Tropsch reaction (named 
after its inventors), producing gasoline.
 It is estimated that CTL is competitive with petroleum at $40/bar-
rel. With oil prices above $70 per barrel, several CTL projects are being 
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implemented around the world:

• With China’s demand for transportation fuels being met increasingly 
by imports, the Chinese government is actively promoting a coal-
to-liquids industry. China’s fi rst commercial coal direct liquefaction 
facility with a capacity of 60,000 bbl/day is expected to commence 
production in 2007. China has also, additionally, initiated a feasibility 
study with SASOL regarding the construction of two 80,000-bbl/
day indirect liquefaction plants [7].

• In the U.S., the National Energy Technology Laboratory has issued 
a feasibility study on a commercial 50,000 barrels per day (which 
is 0.25 percent of the daily U.S consumption of liquid fuels) coal-
to-liquids facility in the Illinois coal basin [8]. Spurred on by tax 
incentives, several companies in the United States have devised 
plans to build CTL plans. Some examples include:
— Rentech, Inc. [9] is building the fi rst large-scale application of 

the Fischer-Tropsch process with a capacity of 1,800 bbl/day. 
Rentech, Inc. has also entered into an agreement with Peabody 
Energy, a producer of coal, to build two mine-mouth CTL plants 
with a capacity of 10,000 and 30,000 bbl/day.

— DKRW Energy’s CTL facility [10] in Medicine Bow, Wyoming, 
is expected to produce 11,000 bbl/day with the possibility of 
expanding the capacity to produce as much as 40,000 bbl/day 
of fuels.

• The third-largest producer of coal, India, is currently in talks with 
SASOL to build CTL plants in India.

 These are but a few examples. Countries worldwide are joining in 
on the CTL jamboree. But should countries pursue this path? Is CTL a 
boon or a boondoggle?

THE OPPORTUNITY

 Historical oil usage in the United States is shown in Figure 1 [11]. 
Over the last two decades, consumption has increased by nearly 30 
percent to approximately 20 million barrels per day (MBPD) in 2006. 
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With oil production on the decline in the United States, the increasing 
demand is being met by imports, which have more than doubled during 
the same period. Finding a domestic oil substitute is clearly one route 
to greater energy security.
 Clear advantages exist for CTL:
• The technology is well developed: The Fischer-Tropsch process was 

developed in early 19th century by German chemists and supplied 
nearly 90 percent of Germany’s aviation fuel during WWII.

• No modifi cation of existing infrastructure for transporting fuel or 
the internal combustion engine technology is required to exploit this 
technology.

• CTL is estimated to be competitive with oil at $40/barrel of oil. With 
oil trading over $70 per barrel, the economics favor this technology.

• Vast reserves of coal exist; the known reserves of a trillion tons of 
“king coal” are expected to last over 200 years at the current rate 
of usage. Coal reserves are also widely distributed (Figure 2), with 
world’s largest reserves of coal in the United States. “The Saudi 
Arabia of coal,” as the United States is called, has nearly 270 billion 
tons of coal, which is 27 percent of the world’s known reserves [12]. 
Countries like China and India, with severe energy needs, also have 
signifi cant coal reserves. CTL technologies in these countries will 
signifi cantly reduce import pressures for oil.

Figure 1. Trends in oil production, consumption and imports for the 
United States. Source: [11]
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BARRIERS TO SUCCESSFUL CTL USAGE

 While the advantages for CTL usage are clear, the barriers to suc-
cessful deployment of this technology are signifi cant. Associated pol-
lutants from the production and usage of coal can adversely affect the 
environment and negate these advantages. Technological solutions for 
barriers such as compromised plant performance and increased carbon 
dioxide emission will likely take years to implement. In the following 
section, each of these issues is discussed in greater detail.

• Increased coal production: The increase in coal usage for the 
required conversion to liquid fuel can be simply estimated: Each 
ton of coal is estimated to yield 2 barrels of oil [13]. Substituting, say, 
10 percent of the daily U.S. oil usage, corresponding to 2 MBPD of 
oil, will require approximately a million tons of coal per day. With 
annual coal production of 1.16 billion tons in 2006 [14], this increase 
in coal usage is nearly 30 percent of the annual coal production. A 
signifi cant increase in coal production will, at best, lead to a small 
substitution of oil. Moreover, the environmental implications of 
such a tremendous increase in coal production can be signifi cant. 
Coal mining can adversely affect landscape and habitat for wildlife. 
Minimizing related environmental stresses is necessary so that CTL 
may be a signifi cant part of our energy mix.

• Impact of increased coal use on climate change: It was in 1904 that 
the Swedish chemist Arrhenius postulated the effect of increasing 

Figure2. World recoverable coal reserves. Source: [12].
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industrialization and carbon dioxide emission on atmospheric 
warming [15]. More recently, the Intergovernmental Panel on 
Climate Change has stated that, “most of the observed increase 
in global average temperatures since the mid-20th century is very 
likely due to the observed increase in anthropogenic greenhouse 
gas concentrations” [16]. World carbon dioxide emissions in 2004 
amount to nearly 27 billion tons annually, with nearly 50 percent 
of these emissions arising from the use of coal [17]. Atmospheric 
levels of carbon dioxide are about 25 percent higher than during 
the times of Arrhenius with temperatures about 0.5°C higher. Global 
carbon emissions are expected to grow over the next few decades. 
The effect of the increased carbon, in the form of increased global 
temperatures and related environmental changes such as the 
melting of the polar ice-sheets, loss of habitat, and severe climate 
changes is expected to last for many centuries [18]. Clearly, it would 
be unwise to additionally use coal, the largest source of greenhouse 
gases. Indeed, by some estimates, the total life-cycle greenhouse gas 
emissions or “well-to-wheel” emissions for coal-based “synfuels” 
are nearly twice as high as their petroleum-based equivalent [19].

 However, a technological solution does exist to prevent additional 
carbon dioxide emission into the atmosphere. Carbon capture and 
storage (CCS) requires the capture of carbon dioxide where it is 
produced. This carbon is stored in its liquid form in underground 
aquifers [20]. Regarded as a Faustian bargain by some [21], CCS 
will allow the continued use of fossil fuels without the associated 
carbon dioxide emission into the atmosphere. Given the urgency of 
mitigating climate change, it will be critical to deploy this technology 
in every CTL plant that is commissioned. However, carbon capture 
is a nascent technology, unproven on the scale required to curtail 
carbon emissions. The energy required for capturing and storing 
carbon is expected to reduce plant output anywhere between 10 
and 30 percent depending on the technology used [22]. Pipeline 
infrastructure to transport the carbon to the site needs to be developed. 
The largest carbon capture and storage project, the Sleipner oil fi eld 
in the North Sea, appears to be successfully storing only about a 
million tons of carbon dioxide per year with few diagnostics on 
the storage capabilities of the oil fi eld [22]. While potential types of 
geologic storage sites have been identifi ed, continuous monitoring 
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of the underground aquifers will be required to detect leaks.

 Catalyzing the commercialization of CCS technology will require 
well thought-out and specifi c policies. Current debate in the United 
States is focused on placing a price on carbon dioxide emission, 
either through a carbon-tax emitted per ton or through a cap-and-
trade system similar to those already used in Europe and established 
by the Kyoto Protocol. The details of either of these policies can 
signifi cantly infl uence the commercialization of the CCS technology. 
CCS might be promoted extensively if it is viewed as less expensive 
than the regulated cost on carbon dioxide. The challenge for policy 
makers is to use a price on carbon emissions as a tool for containing 
carbon, while restraining the cost of doing business.

• Market risk and uncertainty in world oil prices: CTL is estimated 
to be competitive with oil when oil prices are above $40 per barrel. 
Historical oil prices are shown in Figure 3 [23]. In the United States, 
several demonstration CTL projects were started during the energy 
crisis of the 1970s, only to be abandoned when oil prices fell. 
Uncertainty in future oil prices makes the outlook for CTL projects 
highly uncertain.

• Cost and performance of CTL plants: Related to market risks are the 
high capital costs, typically $3-$6 billion dollars, associated with CTL 
plants [24]. The signifi cant investment risk posed by the uncertainty 
in the energy environment suggests that private enterprises will 

Figure3. Historical crude oil prices (in 2006 dollars). Source: [23]
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undertake this project only when provided with loan guarantees 
and tax incentives. Indeed, several bills pending in the Congress 
address this issue. These bills, among other provisions, seek to 
amend the Energy Policy Act of 2005 to make loan guarantees to 
certain CTL facilities, provide income-tax credits for investment in 
CTL facilities, extend the alternative fuel credit for fuel derived from 
coal, etc. [25]. While these measures protect private industry, it may 
leave the taxpayer holding the bag.

• Long lead times for plants: CTL plants typically take 5-7 years to 
build [24]. This suggests that CTL is not a quick panacea for our 
energy needs.

• Public resistance to coal use: One of the primary reasons for resistance 
to coal use comes from the NIMBY (not in my back yard) phenomenon. 
Components of fl ue gases from coal-fi red power plants include toxic 
materials such as mercury, sulfur, nitrogen oxides, soot, particulates, 
etc., and can cause considerable distress to local residents and people 
who live downwind from these plants. Regulations passed by the 
US Environmental Protection Agency require a signifi cant reduction 
using existing technology of some of these chemicals over the next 
decade [26]. Nevertheless, the perception of coal as a dirty resource 
fuels the resistance to coal usage.

 With a vast and distributed resource base, coal technologies will 
and must play an increasing role in our energy supply. However, the 
adverse environmental effects of coal will have to be mitigated through 
the use of technologies that remove associated pollutants from plant 
emissions. Moreover, with signifi cant investments required for CTL 
plants, market uncertainty, and long lead times to build such plants, 
CTL is likely not a quick solution to our energy security needs.
 A number of other avenues to address energy security and envi-
ronmental issues have been proposed. High on the list is the improved 
effi ciency of existing vehicle fl eet. Plug-in hybrids have been identifi ed 
to be less carbon intensive than CTL [27]. Given the immediacy of ad-
dressing climate change, larger cultural shifts such as the increased use 
of public transport, reallocating land-use, and increased use of non-mo-
torized modes of transport, have all been proposed to address the issue 
of energy security, supply, and the environment. An environmentally 
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responsible transportation program must propose an integrated solution 
including all of the above.

CONCLUSIONS

 The road to an environmentally responsible oil substitute is unfor-
tunately bumpy. Coal is abundant and cheap, and it’s tempting to make 
copious use of it to address our energy needs. The major obstacle to the 
extensive usage of coal is from the increased greenhouse gas emissions 
expected from CTL plants. Given the urgency of climate change miti-
gation, it is critical that this carbon dioxide not reach the atmosphere. 
Carbon capture and storage technologies have to be researched exten-
sively and deployed in CTL plants if coal is to be a signifi cant part of 
our oil portfolio. The importance of responsible policy promoting CTL 
cannot be understated. Given the relatively long time scales involved in 
building these plants and time frame required for the maturation of the 
CCS technology, we should not expect that coal-to-liquids will provide 
a quick solution to our energy needs. While CTL and associated CCS 
must be pursued, gains towards energy security and positive climate 
change effects can also be had with other policies that promote energy 
effi ciency and the use of less carbon-intensive renewable resources.

References:
 [1] U.S. Department of Energy, 2007.
 [2] U.S. Energy Information Administration, Annual Energy Review, p123, 2006.
 [3] Mark Twain, “Pudd’nhead Wilson, Pudd’nhead Wilson’s Calendar, Chap. 15.”
 [4] “Worldwide Look at Reserves and Production,” Oil and Gas Journal, 103, p 24 

(2005).
 [5] http://w3.sasol.com/annual2001/br_synthetic.htm, visited on September 14, 2007.
 [6] Department of Minerals and Energy, Republic of South Africa (available at www.dme.

gov.za).
 [7] SASOL (available at sasol.com).
 [8] National Energy Technology Laboratory, “Baseline Technical and Economic Assessment 

of a commercial scale Fischer-Tropsch Liquids Facility,” DOE/NETL-2007/1760 (2007).
  www.rentechinc.com.
 [9] www.dkrwenergy.com.
 [10] U.S. Energy Information Administration, Annual Energy Review, p124, 2006.
 [11] http://www.eia.doe.gov/emeu/cabs/AOMC/Overview.html - visited on Aug 

15, 2007.
 [12] http://www.eia.doe.gov/fuelcoal.html - visited on Aug 15, 2007.
 [13] Andre P. Steynberg and Herman G. Nel, “Clean coal conversion options using 

Fischer-Tropsch technology,” Fuel 83, 765 (2004).
 [14] U.S. Energy Information administration, http://www.eia.doe.gov/cneaf/coal/



54 Strategic Planning for Energy and the Environment

page/special/feature.html - visited on Aug 15, 2007.
 [15] James Rodger Fleming, “Historical Perspectives on Climate Change,” Oxford Uni-

versity Press, Oxford, p194 (1988).
 [16] Report of Working Group I of Intergovernmental Panel on Climate Change, 

“Summary for Policy Makers,” p 10, 2007 (available at www.ipcc.ch).
 [17] U.S. Energy Information Administration, International Energy Report #DOE/

EIA-0484 (2007).
 [18] Contribution of Working Group II to the Fourth Assessment Report of the 

IPCC, ‘Summary for Policy makers,” p17 (2007).
 [19] Robert H. Williams, “Toward Optimal Use of Biomass in Addressing Climate 

Change, Oil Supply Insecurity and Biodiversity Concerns,” Princeton Environment 
Insititute, seminar at NREL (available at www.nrel.gov) (2007).

 [20] James J. McFarland, Howard J. Herzog, and Henry D. Jacoby, Massachusetts Institute 
of Technology, “The Future of Coal Consumption for a Carbon Constrained World,” 
(2007) and references therein.

 [21] Daniel Spreng, Greg Marland, Alvin M. Weinberg, “CO2 capture and storage: 
Another Faustian Bargain?,” Energy Policy 35, 850 (2007).

 [22] Soren Anderson and Richard Newell, “Prospects for Carbon Capture and Storage 
Technologies,” Annual Review of Environment and Resources 29, p109 (2004).

 [23] U.S. Energy Information Administration, 2007.
 [24] James T. Bartis, RAND Corporation, “Policy Issues for Coal-to-Liquid Development,” 

2007.
 [25] Library of Congress, THOMAS, available at http://thomas.loc.gov.
 [26] U.S. Environmental Protection Agency, Clean Air Act as amended in 1990 

(available at www.epa.gov/air/caa).
 [27] Paulina Jaramillo and Constantine Samaras, “For Energy Security and Greenhouse 

Gas reduction, plug-in hybrids a more sensible pathway that coal-to-liquids gasoline,” 
Carnegie Mellon Industry Center Report CEIC-07-04 (2007).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 1.8)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AcademyEngravedLetPlain
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AlBayan
    /AlBayan-Bold
    /AmericanTypewriter
    /AmericanTypewriter-Bold
    /AmericanTypewriter-Condensed
    /AmericanTypewriter-CondensedBold
    /AmericanTypewriter-CondensedLight
    /AmericanTypewriter-Light
    /AndaleMono
    /Apple-Chancery
    /AppleGothic
    /AppleMyungjo
    /AppleSymbols
    /AquaKana
    /AquaKana-Bold
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialHebrew
    /ArialHebrew-Bold
    /ArialMT
    /ArialMT-CondensedLight
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /AristocratLetPlain
    /AvantGarde-Book
    /AvantGarde-Demi
    /Ayuthaya
    /Baghdad
    /BankGothic-Light
    /BankGothic-Medium
    /Baskerville
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /Baskerville-SemiBold
    /Baskerville-SemiBoldItalic
    /Bastion
    /BertramLET
    /BickleyScriptLetPlain
    /BigCaslon-Medium
    /BlackmoorLetPlain
    /BlairMdITCTTMedium
    /BodoniMT-UltraBold
    /BodoniOrnamentsITCTT
    /BodoniSvtyTwoITCTTBold
    /BodoniSvtyTwoITCTTBook
    /BodoniSvtyTwoITCTTBookIta
    /BodoniSvtyTwoOSITCTTBold
    /BodoniSvtyTwoOSITCTTBook
    /BodoniSvtyTwoOSITCTTBookIt
    /BodoniSvtyTwoSCITCTTBook
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BordeauxRomanBoldLetPlain
    /BradleyHandITCTTBold
    /BrushScriptMT
    /CandyCaneMatch
    /CapitalsRegular
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chalkboard
    /Chalkboard-Bold
    /Charcoal
    /CharcoalCY
    /Chicago
    /Cochin
    /Cochin-Bold
    /Cochin-BoldItalic
    /Cochin-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /Copperplate
    /Copperplate-Bold
    /Copperplate-Light
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CorsivaHebrew
    /CorsivaHebrew-Bold
    /Courier
    /Courier-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /Cracked
    /CurlzMT
    /Cymbol
    /CymbolInDesignMac
    /DFKaiShu-SB-Estd-BF
    /DecoTypeNaskh
    /Delphian
    /DevanagariMT
    /DevanagariMT-Bold
    /Didot
    /Didot-Bold
    /Didot-Italic
    /EdwardianScriptITC
    /EuphemiaUCAS
    /EuphemiaUCAS-Bold
    /EuphemiaUCAS-Italic
    /Futura-CondensedExtraBold
    /Futura-CondensedMedium
    /Futura-Medium
    /Futura-MediumItalic
    /GadgetRegular
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldNarrow
    /Garamond-BoldNarrowItal
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightNarrow
    /Garamond-LightNarrowItal
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /GeezaPro
    /GeezaPro-Bold
    /Geneva
    /GenevaCY
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GujaratiMT
    /GujaratiMT-Bold
    /Handwriting-Dakota
    /Helvetica
    /Helvetica-Black
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Oblique
    /HelveticaCYBold
    /HelveticaCYBoldOblique
    /HelveticaCYOblique
    /HelveticaCYPlain
    /HelveticaLTMM
    /HelveticaNeue
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-CondensedBlack
    /HelveticaNeue-CondensedBold
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightItalic
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItalic
    /Herculanum
    /HiraKakuPro-W3
    /HiraKakuPro-W6
    /HiraKakuStd-W8
    /HiraMaruPro-W4
    /HiraMinPro-W3
    /HiraMinPro-W6
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HumanaSerifITCTTLight
    /HumanaSerifITCTTLightItalic
    /HumanaSerifMdITCTTMedIta
    /HumanaSerifMdITCTTMedium
    /Impact
    /InaiMathi
    /JCHEadA
    /JCfg
    /JCkg
    /JCsmPC
    /JazzLetPlain
    /JokermanLetPlain
    /KahoeTech
    /KahoeTechItalic
    /KlangMT
    /Krungthep
    /KufiStandardGK
    /Leawood-MediumItalic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LiGothicMed
    /LiHeiPro
    /LiSongPro
    /LiSungLight
    /LubalinGraph-Book
    /LubalinGraph-Demi
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaGrande
    /LucidaGrande-Bold
    /LucidaHandwriting-Italic
    /LunaITCTTBold
    /MachineITCTT
    /MachineTT
    /MarkerFelt-Thin
    /MarkerFelt-Wide
    /MathMode
    /MonaLisaSolidITCTT
    /Monaco
    /MonotypeGurmukhi
    /MonotypeSorts
    /Mshtakan
    /MshtakanBold
    /MshtakanBoldOblique
    /MshtakanOblique
    /Nadeem
    /Nadianne-Bold
    /Nadianne-Book
    /NewBerolinaMT
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewPeninimMT
    /NewPeninimMT-Bold
    /NewPeninimMT-BoldInclined
    /NewPeninimMT-Inclined
    /NewYork
    /NuptialScript
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishText
    /OldEnglishTextMT
    /Onyx
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-ExtraBlack
    /Optima-Italic
    /Optima-Regular
    /Osaka
    /Osaka-Mono
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Papyrus
    /PartyLetPlain
    /PlantagenetCherokee
    /PortagoITCTT
    /PrincetownLET
    /Raanana
    /RaananaBold
    /SIL-Hei-Med-Jian
    /SIL-Kai-Reg-Jian
    /STFangsong
    /STHeiti
    /STKaiti
    /STSong
    /STXihei
    /SandRegular
    /SantaFeLetPlain
    /Sathu
    /SavoyeLetPlain
    /SchoolHouseCursiveB
    /SchoolHousePrintedA
    /ScriptMT-Bold
    /Silom
    /Skia-Regular
    /SnellRoundhand
    /SnellRoundhand-Black
    /SnellRoundhand-Bold
    /StoneSansITC-Bold
    /StoneSansOSITCTTBold
    /StoneSansSemITCTTSemi
    /StoneSansSemITCTTSemiIta
    /StoneSansSemOSITCTTSemi
    /StoneSansSemOSITCTTSemiIta
    /StoneSansSemSCITCTTSemi
    /Swing-Bold
    /Symbol
    /SymbolInDesignMac
    /SynchroLET
    /Tahoma
    /Tahoma-Bold
    /TechnoRegular
    /TextileRegular
    /Thonburi
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TimesLTMM
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TremorITC
    /TypeEmbellishmentsOneLetPlain
    /Utopia-Black
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /WantedLetPlain
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /Wingdings
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITC
    /Zapfino
    /Zeal
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [432.000 648.000]
>> setpagedevice


