












One area that Velocys is targeting for its technologies is the opportunity represented by unexploited

natural gas resources, either for flared gas or for stranded or remote small sized gas discoveries. These

unexploited resources are untapped hydrocarbon deposits that have been smaller than the size needed

to justify development, due to the difficulty in shipping natural gas. To consider how such unexploited

natural gas resources fit into the overall global energy supply structure, it is instructive to consider

briefly the general interconnection between natural gas and crude oil in the overall petroleum industry

structure, shown in Figure 4.3.

Natural gas is normally produced from three categories of petroleum reserves: dry gas fields, gas

condensate fields (which also have large amounts of gas liquids) and crude oil fields (in which the

main product is crude oil, but which typically may have significant quantities of “associated” gas.

(Coal seam gas and gas from landfills or waste treatment processes would be somewhat special cases,

of limited potential, for sources of methane and are not shown in Figure 4.3.). Many natural gas fields

are considered “stranded gas”, lacking viable access to market, due to the difficulty and high cost in

transporting gas (mostly methane) to distant markets.

Figure 4.4 illustrates the size distribution of gas fields that have been discovered outside the United States.

The great majority of the world’s natural gas fields in number have reserves that are less than 0.5 TCF.

Figure 4.4   Size distribution of worldwide gas fields* 

Source:  Infield, and Nexant
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Figure 4.3   Overall petroleum industry structure* 
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Nexant anticipates that many of the small to medium gas fields are potential candidates for either

offshore LNG production or GTL processing. However, small scale GTL (using SMR/FT) may be a

superior choice for most of these fields, especially for associated gas, compared to LNG, since instead

of being flared, the gas can be converted via SMR/FT into syncrude that can be mixed with the fields’

crude oil production and transported to market without incurring any separate transportation expense or

capital charges. Additionally, even for fields with only natural gas, Nexant agrees with the judgment of

Velocys that smaller scale GTL represents an advantageous way to produce usable energy from these

smaller natural gas resources. Smaller scale GTL would avoid much of the special logistics requirements

of LNG, which must be shipped in special-purpose ships specifically designed for only LNG. However,

until now LNG and GTL technologies could not be implemented economically on a small scale.

4.2 Gas-to-Liquid
From considering only the 5 TCF per year of flared gas, assuming an average smaller scale GTL plant

size of 3,000 bbl/day of GTL liquids produced from flared gas, then the 5 TCF per year might support

as many as about 450 GTL plants. Of course, not all flared gas might have the logistics and economics

to support a GTL plant and therefore 450 plants working on presently-flared gas may not be

achievable. But, an available market of merely half the total would constitute 225 individual plants.

These plants would require up-front licensing and catalyst, as well as ongoing catalyst replacement

from time to time – in other words, a very large business opportunity.

Considering the stranded gas reserves as another potential market for MPT GTL would raise the

number of potential plants to an extraordinarily high figure.

Partly as a result of the failure of petroleum reserves to keep up with the growth in demand, companies

and countries are investigating numerous energy alternatives, including liquid fuels production by

advanced technologies. Figure 4.5 shows the general characteristics of GTL, CTL and BTL as seen

presently by Nexant.

We note that these characteristics apply for conventional technologies that are considered both proven

and demonstrated. Velocys’ MPT technology is expected to reduce the capital intensity of GTL, CTL

and BTL when it has been demonstrated.

These processes make liquid fuel products (naphtha, jet and diesel/gasoil). The goal is ultimately to help

satisfy the strongly growing global market demand shown in Figure 4.6. The strong growth in demand

primarily reflects the tremendous economic growth in the Asian giants, China and India, along with

growth elsewhere in Asia and in Russia. The growth in demand is sufficiently large that virtually any

presently imaginable developments in GTL, CTL, and BTL production of syncrude and/or other liquids

fuels can be accommodated by the demand growth that is expected in the global market.

Figure 4.5   Comparison of Gas-to-Liquid, Coal-to-Liquid and
Biomass-to-Liquid attributes 

Source: Nexant internal studies on Liquid Biofuels and Biogasoline, 2006.
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4.3 Biomass-to-Liquid
4.3.1 Demand for biodiesel

Nexant expects biodiesel production to grow significantly for the foreseeable future, as indicated

in Figure 4.7. This is a graph of expected production without any dramatic technical developments.

In fact, the demand for biodiesel could be much larger than the production indicated in Figure 4.7,

if more economical sources of feedstock or process routes can be developed. Furthermore,

biodiesel produced by conventional routes (from natural oils) has a relatively constrained growth

future, since oilseed and animal fat supplies are severely limited relative to total global diesel

demand. This will require a transition to biomass gasification for BTL;

Therefore, the current version of biodiesel, fatty acid methyl ester (“FAME”), is most likely a

“transition” technology, which, though it is attractive given tax incentives currently in place,

ultimately cannot substitute significantly for petroleum diesel in the marketplace due to

feedstock limitations.
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Figure 4.7   The global future for biodiesel 
(Western Europe, North American and Rest of World) 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

  Source:  Nexant internal report, Biodiesel, December 2006. 
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in demand will be with diesel/gas oil, which is mostly diesel fuel (“gas oil”, as the term is used 

internationally, typically includes diesel oil). 

Figure 4.6   Incremental global liquid fuels product demand for 2005 – 2030*



Nexant foresees the following likely trends for biodiesel:

• as BTL technology is commercialized, current biodiesel production will not likely be

shut down; rather, it will probably continue to serve niche markets that value its

biodegradability and non-toxicity;

• over the next 10 years Europe will remain the largest biodiesel market due to its high

starting basis;

• in the near-term, to make biodiesel more attractive for petroleum refiners’ involvement,

emerging technologies that hydrogenate natural oils in refineries may be employed;

• synthetic diesel from BTL is likely to be more economic than conventional biodiesel,

due to BLT low feedstock costs, substantial by-product credits, and greater economies

of scale;

• BTL can be leveraged on developments in CTL and GTL; and

• BTL is expected to perform better than CTL in safety, greenhouse gas emissions and

other environmental issues, and is renewable.

Worldwide, demand for diesel will grow faster than for gasoline and this trend is expected to

benefit from the trend toward low sulphur diesel fuel and recent diesel engine technology

advances that allow diesel engines to meet stringent emissions regulations

4.3.2 Routes to biofuels and biodiesel

Nexant foresees another opportunity for Velocys’ MPT technologies and that is a potentially

very important role in Biomass-to-Liquid. This would utilize Velocys’ FT technology. This

opportunity appears to have two primary time routes. One that is actively being considered at

the present time in various locations is that of using spent liquors, waste biomass, or other

available bio materials as feedstock to gasifiers to make synthesis gas. The synthesis gas would

then be used to feed a MPT FT unit based on Velocys’ technology. The key market advantage

that Velocys has is that such FT plants would likely be typically smaller scale, rather than the

large FT plants used in large scale GTL projects. Thus, these BTL opportunities are ideally

suited to Velocys’ MPT FT technology and its capital cost advantage in smaller scale

applications.

Longer term, Nexant foresees opportunities for on-purpose and green-field projects with

biomass production feeding gasifiers. For instance, in 2006 Nexant developed an analysis of on-

purpose switchgrass production in the US and how competitive that route would be in producing

biodiesel, shown in Figure 4.8 (published in Nexant’s Liquid Biofuels, December 2006).

Figure 4.8   Competitive position of routes to biodiesel 
($US per gallon, with crude oil prices per market in 2006) 
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While the energy market prices since this analysis have changed (i.e. crude oil, gas, diesel fuel

prices, and other energy prices are now all higher) to the advantage of new technologies such

as Velocys’, the conclusions remain the same, i.e. that diesel fuel from biomass is expected to

be competitive, as indicated in Figure 4.8. Also, considering the problems caused by high

commodity prices for natural oils and foodstuffs from which conventional biodiesel is made,

there is even a stronger set of drivers now for the biodiesel industry to begin to shift toward

biomass feedstocks. Further, depending on the specific nature of such biomass resource used,

the BTL routes may merit considerable “credits” for reducing net greenhouse gas emissions.

While Figure 4.8 addresses biodiesel, in Nexant’s view and as a result of our varied analysis of

the energy and chemical industries, similar drivers exist to encourage the production of

biogasoline, turbine (jet) fuel, and light fuel oil from renewable biomass resources.

The use of biomass to meet these needs is potentially very complex, given the technical

possibilities, both with present technology and the anticipation of future technical

developments. Figure 4.9 shows Nexant’s summary of the potential possibilities and interaction

of the different bioroutes to liquid transportation fuels. Along with other new and developing

technologies, we see an important role for new routes to use biomass to produce liquid fuels,

i.e. BTL, via FT.

The complexity of the overall biofuels industry and possibilities are a challenge to summarise

simply in one diagram. That is because some presently employed routes to biodiesel, such as

the use of natural oils to make biodiesel by transesterification, are fairly simple and are in use

today. On the one hand, BTL, which can use biomass made from presently experimental fast-

growing cellulosic materials as a feedstock for gasification to syngas, represents a more

difficult technical challenge for industry at present. But, on the other hand, BTL utilizing

presently available forest industry wood wastes is within today’s technology capability, as long

as the FT technology employed can be scaled down economically.

Thus, BTL is an application for which Velocys’ MPT FT technology appears very well suited.

Technology development generally is not a precise or efficient process, and can take many

routes. However, the history of the process industries, combined with present-day macro

Figure 4.9   The biofuel possibilities 
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Source:  Nexant internal report on Biodiesel, December 2006. 
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priorities, indicates that the key drivers determining “technology evolution” are predominantly

the following:

• investment capital economies;

• production cost minimization;

• environmentally acceptable performance;

• energy/greenhouse gas efficiency; and

• utilisation of advantaged feedstocks (from a cost and yield perspective).

Nexant believes Velocys’ MPT has fundamental attributes that are responsive to these drivers.

4.3.3 Development pathways for biofuels

The most likely development pathway in liquid fuels and chemicals is expected to result from

the combination of the macro drivers with the attributes of the technologies. Due to the rapid

development in the bio sector, predicting the long-term industry structure is challenging.

However, Figure 4.10 compares the fermentation routes to biofuels with that of the gasification

routes, on a high-level technical basis. (The other route, pyrolysis, is shown for completeness,

but is not considered viable economically for liquid fuels. The prices shown are from late 2006,

conservative by today’s pricing.)

Nexant believes that both the fermentation and gasification routes have considerable promise.

Velocys, with its MPT FT technology, appears to be in a favorable position for BTL

opportunities. This is especially promising since Nexant believes that a local regional approach

may be most advantageous, since it can match favorable logistics with local biomass supply

and local power and fuel needs.

Nexant foresees substantial opportunities for both broad bio-based routes as the BTL concept

develops and finds its place alongside the existing extensive industry infrastructure in the

downstream petroleum and natural gas industry. Gasification, however, is the route that can be

used to produce syngas for FT synthesis. While gasoline type components can be made via FT,

FT is fundamentally more amenable to make a high quality diesel fuel.

Figure 4.10   Bio routes – the three fundamental pathways 
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Based on its work regarding biofuels, Nexant concludes that there will be an increasing

willingness of energy consumers and biomass producers to consider value-added investments

in BTL assets, and we conclude this is favorable to Velocys’ MPT commercialisation.

4.4 Polygeneration from coal, etc.

Another route to produce liquid fuels using FT technology is polygeneration from coal, as portrayed

in Figure 4.11.

This application could provide another promising opportunity for Velocys’ MPT. The advantage of FT

plants of an economical scale as part of a large integrated coal to power and chemicals/fuel facilities

is very promising, and has environmental advantages if the electric power is generated via integrated

gasification combined cycle units (IGCC) and the concentrated carbon dioxide is sequestered to

reduce greenhouse gas emissions.

5. Time line of planned development

For any new technology, and especially for one with such strong promise as MPT, one cannot forecast with

confidence how future development and commercialization will evolve over time, due to both internal

developments and exogenous events that can have a strong influence on the prospective development time

line. Nevertheless, Nexant concludes from its work on this Experts’ Report that Velocys and OCL combined

would have excellent prospects for their MPT and catalyst technologies. Thus, given our present view,

Nexant would anticipate the following as a reasonable schedule for expected near term development of their

technologies by the Enlarged Group:

• during 2009, the Enlarged Group is expected to operate its FT MPT technology at the Air Force

Research Laboratory at Wright-Patterson Air Force Base in Ohio, USA;

• during 2009, the Enlarged Group is expected to install and begin operations of one or more MPT FT

reactor blocks for which the feedstock synthesis gas will be provided by existing gasifiers running on

biomass feedstock. Each of these reactor blocks would be of a demonstration and commercial scale

proof of concept nature, with a productive capacity of about 30 to 40 bbl/day of liquid product;

• during 2010, the Enlarged Group is expected to install and begin operations of a demonstration plant

containing its MPT SMR process combined with its MPT FT process;

• during 2009 through 2010, the Enlarged Group is expected to achieve considerable progress toward a

demonstration on a semi-works scale of one or more processes to produce saleable commodity

chemicals; and

• during 2008 through 2010, the Enlarged Group is expected to develop commercial sales of its MPT

emulsification technology.

Figure 4.11   Polygeneration from coal 
(Overall Concept) 
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In summary, Nexant believes that the Enlarged Group has a realistically achievable time line for development

as outlined above. Further, if the Enlarged Group achieves this, we believe that it will be amongst the earliest

significant developers to commercialise practical and economical smaller scale GTL technology.

6. Conclusions

Nexant has expressed numerous opinions and judgments in this Experts’ Report regarding Velocys and the

merits of the acquisition of Velocys by Oxford Catalysts. In summary, these are the seven primary

conclusions that Nexant has reached.

1. Velocys is the recognized world-leader in the design and development of MPT (microchannel process

technology) for the production of synthetic fuels and commodity chemicals.

2. The net result of Velocys’ technology benefits is improved returns on capital employed for a given

size/type of plant, which presently appear to be as much 20 to 30 per cent. compared to conventional

technology.

3. Velocys’ technical patent position is strong and we have not found a significant technical competitor

in Velocys’ areas of key focus.

4. Initial indications are that the performance of both the OCL and Velocys technologies together not

only meets commercial, technical and economic targets, but is also far superior to the performance

either company has been able to attain separately to date.

5. OCL has developed a high activity FT catalyst that can operate at 15 times or better than the

productivity of conventional fixed bed FT catalysts that are appropriate for smaller scale FT plants.

The catalyst has been demonstrated by Velocys in its MPT FT reactor for over 3,000 hours. The

performance of the catalyst was better than any other catalyst Velocys had tested, including catalysts

provided by other catalyst companies, as well as those developed independently by Velocys.

6. Velocys appears to have excellent prospects for a profitable line of business in MPT emulsification

equipment. In addition to allowing improved product formulation advantages for emulsification

customers, Velocys’ technology also appears to offer power cost savings.

7. Nexant’s opinion is that the production of commodity chemicals offers Velocys substantial

opportunities for successful application of its MPT, due to MPT’s inherent advantages for applications

involving high heat transfer and high chemical reaction rates in an economically sized reactor.

Nexant does not necessarily have knowledge of developments that other firms might be achieving in their

proprietary laboratory efforts. However, if other firms were close to Velocys’ MPT achievements, we believe

that we would have substantial public evidence, either in the form of known patent claims and/or technical

papers published, footnotes in annual reports, or press releases about demonstration plants, etc.

Based on the above fundamental judgments, Nexant has a number of additional opinions about Velocys and

OCL, including:

• we believe that the acquisition of Velocys by Oxford Catalysts has substantial positive synergy

regarding commercialisation efforts for the Enlarged Group’s FT, SMR, GTL and BTL technologies;

• we believe that, from a high-level perspective, MPT holds the potential to be a breakthrough

technology that would transcend specific applications;

• Velocys’ MPT technology has inherent attributes that are expected to allow scaling down with cost

effectiveness; as a result, Velocys’ technology is expected to facilitate the production of synthetic fuels

economically on a small scale in many sites and situations;

• many chemical processes have become quite mature and have evolved over a number of decades, with

the result that there are relatively few opportunities to increase efficiencies and yields without

employing new technologies. Better catalysts and more effective chemical reactor approaches, such

as Velocys’ MPT, are among a handful of fundamentally new approaches that offer high potential;
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• due to the inherent “number up” attribute of Velocys’ MPT technology, Velocys’ technology

minimizes the time, cost and risk of commercialising reactors and their associated catalysts;

• any new process design or process development has inherent risk and rewards; these risks, however,

can be minimized by following prudent development steps, which, in Nexant’s opinion, Velocys has

done;

• we expect Velocys to successfully and economically conduct the manufacturing of their MPT reactor

blocks via carefully selected fabrication partners;

• Nexant agrees with Velocys, based on the data presented by Velocys, that the FT reactor design

potentially represents a major improvement versus conventional FT reactor design, whether that

design is for a slurry or fixed bed tubular reactor;

• Nexant believes Velocys’ and OCL’s FT catalyst productivity is a significant advantage that will result

in lower operating costs and capital costs for Velocys’ MPT FT;

• the dramatic advantage for the efficiency of Velocys’ MPT SMR is due to the integration of the MPT

SMR reaction and heat exchange, which also allows capital cost savings. Assuming successful

commercialization, this would put Velocys in a very advantageous position;

• the application of MPT to GTL plants is anticipated to greatly improve the economics of scale down

with regard to unit of capacity capital costs;

• Velocys faces limited competition for its target high-priority offshore and onshore smaller scale niche

market for GTL because (1) the conventional licensors are focusing on the large scale units, and (2)

the more complex slurry reactor is somewhat problematic in small scale and especially for offshore

applications;

• with the prices for oil, other forms of energy and chemical feedstocks having increased by so much

in recent years, the benefits of economical small scale GTL have never been greater.

• Velocys, with its MPT FT technology, appears to be in a favorable position for BTL opportunities.

This is especially promising since Nexant believes that a local regional approach may be most

advantageous, since it can match favorable logistics with local biomass supply and local power and

fuel needs;

• currently planned FT plants for BTL would likely be smaller scale, rather than the large FT plants

used in large scale GTL projects. Thus, these BTL opportunities are ideally suited to Velocys’ MPT

technology and its capital cost advantage in smaller scale applications;

• the acquisition of Velocys by Oxford Catalysts will provide the right combination of skills and critical

mass to allow the Enlarged Group potentially to become one of the leading energy and chemical

technology firms worldwide. This is due to the extraordinary opportunities that Nexant foresees in

chemical process technology innovation over the next few decades as companies worldwide work to

adapt to new challenges in both resource supply and environmental challenges, and our expectation

that the Enlarged Group will successfully commercialise its technology portfolio. We anticipate that

the structure of the global energy and chemical industries will change more quickly in coming years

than at any time historically, but at least since the 1950 to 1970 era, and we conclude that the Enlarged

Group will be well configured to take advantage of these opportunities; and

• the growth in global demand for liquid fuels is sufficiently large that virtually any presently estimated

developments in GTL, CTL, and BTL production of syncrude and/or other liquids fuels can likely be

accommodated by the demand growth that is expected in the global market.
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Appendix A

MODEC support letter

26 February 2008

Our Ref No.: R1230/DT-2239

Dr Wayne W. Simmons

Chief Executive Officer

Velocys, Inc.

7950 Corporate Blvd.

Plain City, OH 43064

USA

Dear Dr Simmons:

Congratulations on being selected as a finalist for the Ohio Third Frontier Alternative Energy Program with

your project titled “Microchannel Enabled Process for Synthetic Biofuels and Chemicals (TFAEP 08-11). As

one of your industrial alliance partners, MODEC, Tokyo Japan offers this letter of support to assist your

efforts in securing this important project.

A few years ago, MODEC began actively exploring options for developing a modular, compact system for

converting natural gas into synthetic fuels. The market demand for this Gas-to-Liquids (GTL) technology is

high because many oil fields have associated natural gas that is produced with the oil. In the US and some

other countries, this gas is processed and sold as a valuable co-product. However, in many locations, the co-

produced gas is “stranded” because neither a local use nor viable shipping methods exists. Without local

market for this gas, petroleum production is not possible without venting, flaring or re-injection of this gas.

Venting is not allowed as the Greenhouse Gas (GHG) potential of methane is 21 times that of CO
2
. Flaring

is also effectively banned now due to GHG emission and other issues. Finally, re-injection currently cost up

to $15 per equivalent barrel of petroleum. GTL technology alleviates these issues by converting the

associated gas into a shippable, high value fuel and is thus a very valuable technology.

Early in our search, we realized that conventional FT technology systems are commercially available from

Sasol and Shell for large-scale systems (>10,000 barrels/day) but these systems are massive, capital intensive

and require vey large gas reserves. For example, only about 7 per cent. of the world gas fields are large

enough to sustain a 10,000 bpd GTL plant. Dropping the FT fuels production rate to 2,000 bpd makes about

50 per cent. of the gas fields viable sources. This “stranded gas” is estimated to be 3,000–6,000 trillion cube

feet (TCF) in volume, which is sufficient to supply current level of U.S. distillate fuels demand for 150–300

years.

We also determined that no systems were commercially available that could meet the size and economic

requirements for smaller-scale GTL facilities (1,000–5,000 bpd). Based on the results of our global review

of GTL technology options, MODEC selected Velocys as the preferred technology alliance partner. We

formalized an alliance in late 2007 with Velocys and Toyo Engineering, a global engineering firm.

Your proposed Third Frontier funded project will also provide important support to our alliance efforts by

enabling a 25:1 scele-up of the FT microchannel based process and allow for the first intergration with a

natural gas reformer to make FT synfuel products. These are two critical steps along the commercialization

pathway of this process technology. Toyo Engineering and MODEC have committed over $10 million to

support the GTL technology development efforts and are also planning to construct a much larger

demonstration facility upon completion of the GTL technical development program now underway with

Velocys, and as envisioned in our alliance agreement.
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Please let me know if I can offer further assistance. As background for the review committee, I am providing

a brief summary of our organization. Founded in 1968, MODEC is a general contractor specializing in

engineering, procurement, construction and installation of floating production systems including Floating

Production Storage and Offloading (FPSO) vessels, Floating Storage and Offloading (FPSO) vessels,

Floating Storage and Offloading (FSO) vessels, Tension Leg Platforms (TLPs), Production Semi-

Submersibles, Mobile Offshore Production Units (MOPUs) and other new technologies that will be required

to meet the industry’s new challenges. MODEC provides operations and maintenance services for floating

production systems around the world. MODEC owns and operates 11 FPSO/FSOs  worldwide and has four

FPSOs and one FSO under construction. MODEC has delivered four TCPs and has a fifth under construction.

MODEC has delivered Four. TLPS and has a fifth under construction. MODEC was recently recognized by

the Offshore Technology Conference for innovative technology for its MOSES Self Stable Integrated

Platform (SSIP) TLP. For more information, visit http://www.modec.com/en/index.html.

Sincerely,

Soichi Ide

Program Manager
Gas Project Development Dept.

FPSO & FSO Division
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