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SYNOPSIS 

In 1972 CSR estimated that the Julia Creek Oil Shale deposit in northern Queensland contained in 

excess of 7 billion barrels of oil.  Despite the efforts of many companies the resource still today 

remains undeveloped.  Besides its relatively low oil yield averaging around 70 l/t of shale, the very 

high percentage of limestone with the shale may have not suited the more common commercial 

applications of thermal oil shale retorting technology.  XTract Oil Limited owns the exploration rights 

to about half of the Julia Creek deposit and for the past 5 years the company has researched and 

tested the alternative concept of hydrogenating the organic matter contained in the shale.  Not only is 

the potential oil yield per tonne of shale significantly higher but the lower process temperatures 

reduce the risk of calcining the limestone and creating significant emissions of carbon dioxide.   

However, oil shale hydrogenation brings with it a different set of challenges.  This technology has 

never been commercially applied to the recovery of oil from oil shale.  It parallels the much easier coal 

hydrogenation but this in itself has never achieved commercial realisation, despite the much higher oil 

yield per tonne of solid feed.  Xtract Oil has proposed a demonstration unit capacity of 24,000 t/d but 

the reactor system required to heat, accommodate and cool such high solids flows through extreme 

process conditions and residence times has never been built anywhere in the world.  The time scale 

for pilot development through demonstration to commercial operation will exceed 10 – 12 years.  It 

would also require an R&D investment expenditure well in excess of a billion dollars. 

This high level review addresses these and other key challenges which have to be overcome to 

develop and commercially apply a new oil shale hydrogenation technology for the monetisation of the 

Julia Creek oil shale deposit.  A brief comparison with the alternative application of conventional oil 

shale thermal retorting has been included.           

Disclaimer 

This report has been prepared on behalf of and for the exclusive use of Xtract Oil Limited, and is 

subject to and issued in accordance with the contractual agreement between Xtract Oil Limited 

and WorleyParsons.  WorleyParsons accepts no liability or responsibility whatsoever for it in 

respect of any use of or reliance upon this report by any third party. 

Copying this report without the permission of Xtract Oil Limited or WorleyParsons is not permitted. 
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1 INTRODUCTION 

Since the Julia Creek oil shale deposit was first discovered in northern Queensland by Australian 

Aquitane Petroleum Limited (AAPL) in 1965, various companies have explored different process 

routes for recovering the estimated 7+ billions of barrels of shale oil present in this extensive 

resource.  In 1969-70 AAPL joined with CSR and The Oil Shale Corporation, Inc. (TOSCO) of the 

USA to consider applying the TOSCO thermal retorting process.  Shell took an interest during the mid 

1970s but focused its own development of thermal retorting technology more towards the Tarfaya oil 

shales in Morocco.  During the 1980s CSR together with CSIRO piloted thermal retorting of Julia 

Creek oil shale and developed a process variation of the Lurgi LR thermal retorting process.  Esso, 

CRA and more recently Fiva (Fimiston Mining) have also explored the extent of the Julia Creek Oil 

Shale deposit.   Apart from the various exploratory drilling programs the deposit remains untouched. 

Today there are two companies, Xtract Oil and Blue Ensign, investigating an alternative route for the 

processing of Julia Creek oil shale – namely oil shale hydrogenation, as distinct from the previous 

efforts with thermal retorting.  The attractions toward hydrogenation are twofold - (a) the oil yield is 

significantly higher and (b) the lower processing temperatures may reduce the potential for 

dissociation of the limestone present with marinite oil shales into carbon dioxide and lime.   

However, hydrogenation brings with it a different set of challenges which must be resolved before 

commercial production of shale oil can be contemplated.  This Review broadly addresses many of the 

issues of concern, both from a technical and a commercial point of view.     
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2 WHAT IS OIL SHALE 

Oil shale is a fine grained sedimentary rock containing a nominal amount of organic material termed 

kerogen.  It is not like crude oil or the heavy oil present in oil sands – these oils can generally be 

made to flow between the grains of the sedimentary rock and thus facilitate recovery.  Kerogen on the 

other hand has a much larger molecular size (Mol. Wt. ~ 6000), so it cannot be leached with organic 

solvents or reduced in viscosity with hot water to recover the shale oil.  Shale oil can only be 

recovered if the large organic kerogen molecules are broken down into smaller hydrocarbon 

molecules which form gases, oils and bitumen. A parallel can be drawn with coal - which also has a 

large molecular structure.  Coals have been commercially processed to recover oils and gases either 

by thermal retorting, which involves heating the coal to a high enough temperature that causes the 

large molecules to thermally crack, or by hydrogenation where the cracking process is promoted by 

the reaction of hydrogen principally with the carbon component of the large organic molecule to form 

more gases and oils.  These coal processes can also be used to treat oil shale to recover shale oil.    

There are three ways used to classify oil shales.   

a) In terms of mineral matter there are carbonate rich shales, siliceous shales and cannel 

shales; the latter being often classified as a form of high ash coal.   

b) Van Krevelen delineated shales relative to the hydrogen, carbon and oxygen content of their 

organic matter, which gave an indication of the quantity and quality of the shale oil product.   

c) More often, however, the petrographic source of the shale is used, viz. terrestrial (land 

accumulated), lacustrine (lake-bottom-deposited) or marinite (ocean bottom deposited). 

Julia Creek oil shale falls into the marinite classification.  It was deposited as part of the immense 

Toolebuc formation which formed under the sea during the lower Cretaceous period some 100 – 145 

million years ago.  Marinite shales are commonly found in many parts of the world such as Europe, 

Canada, Jordan, Syria, Morocco and certain parts of the USA.  The Tarfaya deposit in Morocco also 

falls into this category.  As distinct from lacustrine oil shales, marinite shales also contain significant 

amounts of limestone which simultaneously accumulated under the sea as prehistoric coral reefs.   

By contrast, the Rundle/Stuart/Condor deposits along the central Queensland coast are of lacustrine 

origin and are termed collectively as lamosites.   Similar shales may be found in NE China, parts of 

Europe, Scotland, Turkey, and so on.  The Green River basin oil shales in mid-west of USA are also a 

type of lamosite.   With these shales the mineral content is typically composed of quartz and clay 

minerals with lesser amounts of siderite, carbonates and pyrites.   

Australia also has small lacustrine deposits of torbanite oil shale at Alpha in central Queensland and 

around Glen Davis to the north west of Sydney.  Similar deposits may be found in Scotland where 

there was a significant oil shale retorting industry in the mid 19
th
 century.  Though torbanites are 
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several times richer in Kerogen and therefore greater in oil yield these deposits are generally too 

small to be able to continually support commercial exploitation in the 21
st
 century.    
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3 SHALE OIL YIELD AND QUALITY 

The recovery of shale oil from the various types of oil shale must take into account the nature of the 

associated mineral matter, the petrographic source of the Kerogen, the quantity of organic matter 

present and particularly its molecular make-up in terms of hydrogen (H), carbon (C), oxygen (O), 

Sulphur (S) and nitrogen (N).  Typically, the aim is to process the shale oil into gasoline and diesel.  

These fuels typically have H/C molar ratios of 1.9 and 1.88 respectively.  However, the H/C ratio of 

the Kerogen in Julia Creek oil shale is around 1.3.  Therefore to reach commercial product quality 

through processing Julia Creek oil shale it will be necessary to either “add hydrogen” or “remove 

carbon”.  Direct hydrogenation of the oil shale aims to “add hydrogen” in one step whereas thermal 

retorting “removes carbon” and commercial quality is then achieved by refinement of the shale oil.   

CSR’s 0.5 t/d electrically heated thermal retort at Concord, Sydney, produced a bulk shale oil sample 

(Feedstock C) with a H/C molar ratio of 1.39.  By comparison the shale oil derived from Condor oil 

shale on the Queensland coast using Lurgi’s thermal retorting process registered a H/C ratio of 1.75.  

Furthermore, crude shale oils produced by the Tosco, Union Oil and Shell ICP process from Green 

River Basin oil shales achieved H/C ratios in the range of 1.6 to 1.82.   By comparison Shell’s fixed 

bed retorting experiments on Tarfaya oil shale yielded an even lower oil H/C ratio of 1.22.   Part of the 

reason marinite shales yield oils with lower H/C ratios is that the kerogen contains a more aromatic 

ring like character whereas lucastrine shales tend to be more aliphatic or long chained.   Aromatic 

structures contain multiple rings of 6 carbon atoms which have a low H/C ratio – eg benzene (C6H6) 

has a H/C molar ratio of 1.  Aliphatic compounds have long chains or branched chains of carbon 

atoms – eg hexane (C6H14) which has a H/C molar ratio of 2.3.  Thus crude shale oil from Julia Creek 

shale has a poly-aromatic character, whereas Rundle shale oil would contain more long chain 

hydrocarbons.   Aromatics favour gasoline because of the better octane contribution whereas diesel 

needs more aliphatic components for higher cetane values.   Unfortunately, breaking up poly-aromatic 

rings requires more severe hydrogenation conditions (viz. higher pressure and temperature) than 

hydrocracking long chain aliphatic compounds.  This suggests that shale oil from marinite oil shales 

may prove more difficult to upgrade than oils from lucastrine shales.   

Current Australian gasoline and diesel specifications call for very low levels of sulphur (S) and 

nitrogen (N).  Upgrading shale oil to a finished product quality must consider the level of S and N 

present in the feed shale.  Similar issues must be addresses with the byproduct gas stream.    

It is common practice to refer the shale oil yield of a process to the results of a bench scale batch 

retort test called the Modified Fischer Assay or MFA.  Here a 100 gram crushed oil shale sample is 

heated at 12 ºC/min to 500 ºC and held at that temperature for 40 minutes.  The distilled vapours of 

oil, gas and water are condensed and cooled with iced water and the fractions measured.  The best 

commercial retorting technology can achieve 100% to 120% of the Modified Fischer Assay (MFA) oil 

yield.  Xtract Oil anticipates hydrogenation of Julia Creek oil shale will achieve 176% of MFA yield, 
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which concurs with Blue Ensigns expectations applying the Rendall process to Julia Creek oil shale.  

Hydrogenation thus has a distinct advantage over retorting in terms of shale oil yield.   
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4 OIL SHALE HYDROGENATION 

4.1 Oil Shale Retorting 

As noted above the kerogen molecule is very large and the only way of separating it from the shale’s 

mineral matter is achieved by breaking the chemical bonds of the kerogen into smaller organic 

compounds.  Gradual elevation of the temperature of the shale causes increasing pyrolysis of the 

organic matter and thus the growing release of smaller hydrocarbon molecules in the form of gases 

and liquids. At higher temperatures the larger hydrocarbon fragments released from the kerogen will 

also tend to undergo some degree of disintegration if they are not rapidly removed from the high 

temperature reaction zone and rapidly cooled.  As a result the oil yield will pass through a maximum 

and then decline as very high temperatures are approached.  The gas yield will commence slowly but 

accelerate once pyrolysis of the larger hydrocarbon fragments starts to take place.  Typically the 

process conditions and reactor configuration are chosen to maximise the oil yield by removing the oil 

shale vapours as soon as they are generated.   

This form of oil shale processing is termed thermal pyrolysis or thermal retorting.  The bulk of oil shale 

processing around the world is based on this technology.  There is a smaller amount of oil shale 

consumed through combustion and electric power generation.  By contrast there are no commercial 

oil shale hydrogenation plants in operation.  Retorting is also widely used for the carbonisation of 

coals to yield coal liquids, hydrocarbon gases, and a residual char.  The most common application is 

the coke oven battery.  Coal hydrogenation, on the other hand, has been extensively trialled but has 

not progressed much beyond the pilot plant and process demonstration unit phase. 

4.2 Xtract Oil Shale Hydrogenation Process 

For some years Xtract Oil has been investigating the application of a “hydrogen addition” process for 

the recovery of shale oil from Julia Creek oil shale.  This follows on from earlier studies and extensive 

testwork by CSR working in collaboration with CSIRO.  The attraction of a higher oil yield and lower 

processing temperatures to minimise the dissociation of calcium carbonate favours the hydrogenation 

route.  The experimental work carried out under contract to Xtract Oil at Monash University clearly 

supports the improved liquid yield.  Xtract Oil engaged the services of WorleyParsons to further the 

technical development of their ideas.  The process concept is summarised in the following diagram. 

The conceptual development of a commercial oil shale plant at Julia Creek was based upon the 

definition of key process parameters set down by Xtract Oil early in 2008.  The Xtract Oil process 

involves subjecting crushed and milled freshly mined oil shale in a yet to be defined Reactor System 

to a recycled gas stream rich in hydrogen at temperatures ranging from 400 ºC to 450 ºC and 

pressures of 70 barg to 90 barg for a period of 1 to 1½ hours.  These conditions stemmed from 
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extensive research carried out by Xtract Oil, CSIRO and Monash University.  Note 1 bar equates to 

approximately 1 atmosphere so the reaction pressures are very high.  The residual solids from the 

Reactor System are separated from the vapours and gases, cooled and returned as spent shale to 

the oil shale mine.  The vapours are condensed to recover the raw shale oil which is then subjected to 

hydrotreating and product upgrade.  The remaining gases are processed to remove sulphur, 

ammonia and water and then a significant portion is recycled to the Reactor System.  Fresh make-up 

hydrogen is produced from imported natural gas. 

Reactor 

System

Spent Shale to 

Mine

Solids/Vapour 

Separation

Spent Shale 

Cooling

Feed Shale 

Pressurisation

Fresh Shale 

Preparation

Shale Oil 

Condensation

Shale Oil 

Refining

Recycle Gas 

Processing

Hydrogen Plant

Natural Gas 

Supply

Sulphur 

Ammonia 

Water

LPG 

Gasoline 
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Xtract Oil selected a plant capacity of 24,000 tpd (db) fresh shale for conceptual evaluation.  Oil yield 

was defined at 3,000 tpd based upon 120 t/d consumption of hydrogen – a yield of 12.5% (db = dry 

basis).  Comparing this with the Modified Fischer Assay (MFA) oil yield of 7.1% means that 

hydrogenation boosts oil yield to 176% of MFA.  In other words the externally supplied hydrogen 

reacts with some of the residual carbon that would have otherwise remained with the spent shale and 

thus produces more oils and gases.  Julia Creek kerogen has a daf ultimate analysis of 75.4wt% 

Carbon, 9.9wt% Hydrogen, 8.6wt% Sulphur, 2.4 wt% Nitrogen and 3.7 wt% Oxygen (daf = dry ash 

free).  The sulphur and nitrogen are recovered as by-product liquid sulphur and ammonia.  LPG is 

also recovered as the hydrocarbon gas yield (C1 to C6) is in the order of 538 tpd.  The final important 

design parameter specified by Xtract Oil was the recycle gas to fresh solids ratio of 1:1 on a weight 

basis entering the Reactor System.  This dictates that 24,000 tpd of gas also enters the Reactor 

System along with the same mass rate of prepared fresh oil shale.   
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Where do the commercial and technical challenges lie with developing this process concept into a 

commercial reality for Julia Creek oil shale?  The following endeavours to address the major issues 

and to relate them to the commercial retorting alternative.   
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5 PROCESS CHALLENGES 

5.1 History of Oil Shale Hydrogenation 

The Xtract Oil hydrogenation concept belongs to a generic group of similar coal and oil shale process 

configurations which have been variously researched over the years since the 1920s.  As yet none 

has developed further than the pilot plant scale.  This has, in part, been due to the advent of less 

expensive crude oil becoming available, but even after the oil shocks of the 1970s the more recent 

efforts in the USA during the 1980s have not advanced much beyond the pilot plant stage.   The 

parallel efforts of Blue Ensign to hydrogenate Julia Creek oil shale using the Rendall “donor-solvent” 

process has not advanced much beyond the concept stage, even though it was patented more than 

25 years ago.   Blue Ensign failed to raise finance on the stock market for a 25t/d pilot plant in 

Townsville.  The process conditions are similar to those proposed by Xtract Oil , namely: 425 ºC to 

475 ºC and 41 bar pressure, although the fresh shale is fed into the Reactor System as a slurry using 

a regenerated recycled “donor solvent” as the hydrogen carrier.   

Coal hydrogenation achieved greater success during the Second World War in Germany and more 

recently in 2007 Shenhua commissioned a 6000 t/d coal liquefaction plant in Mejiata west of Beijing.  

Here the process conditions involve the hydrogenation of 6,000 t/d of prepared black coal at 180 bar 

and 450 ºC using more than 500 t/d of hydrogen to yield around 1 million t/yr of finished product.  The 

difference to the Xtract Oil approach is that these coal hydrogenation processes make use of a solid 

catalyst to promote higher conversion.  It is doubtful that this type of catalyst could be used for oil 

shale hydrogenation as it would be virtually impossible to recover catalyst from the much larger 

quantities of mineral matter present in the spent shale.   

The coal hydrogenation path to commercialisation has also proved to be long and expensive.  The 

Japanese BCLV consortium spent more than $1 billion on a 50 t/d brown coal hydrogenation plant in 

Morwell, Victoria, over a period of 10 years in the 1980s.  Some further research continues in Japan 

but on a very limited scale.  In the USA during 1976 to 1982 the DOE spent an estimated $3.6 billion 

on the demonstration of coal hydrogenation processes such as SRC, H-Coal and  the Exxon Donor 

Solvent processes.  Demonstration capacities varied between 20 t/d and 250 t/d. 

History has shown that the development of a commercial coal hydrogenation process, let alone an oil 

shale hydrogenation process, has been attempted by many large companies and research 

organisations with substantial support from governments.   Technically, the process concepts have 

been verified by extensive test work, but the commercialisation barrier has yet to be broached.  

Commercialisation of oil shale hydrogenation may prove to be an even greater hurdle.  Unfortunately, 

the Xtract Oil process concept offers nothing new in a technical sense apart from the fact that it is 

addressing the individual features of the Julia Creel oil shale deposit.    
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5.2 Economies of Scale 

Oil shales are rather a low yielding source of oil.  As noted above the industry norm typically 

correlates oil yield relative to the Modified Fischer Assay (MFA) test.  Julia Creek shale registers a 

7.1 wt% MFA oil yield which translates to around 75 litres per tonne of feed shale – often described 

as LT0M or litres per tonne at zero moisture.  Xtract Oil has defined the range considered for 

commercial processing between 60 and 90 LT0M.  By comparison the lacustrine shales along the 

central Queensland coast are marginally richer in shale oil ranging between 87 to 172 LT0M.  

Torbanites of Glen Davis, on the other hand, contained up to 4 times as much shale oil around 

250 LT0M.  The tendency for marinite shales to show poorer shale oil yields correlates with the 

results from the Moroccan Tarfaya shale which averages around 62 LT0M.   Therefore in terms of 

economies of scale it will be necessary to process greater amounts of marinite shales than 

lacustrine shales to achieve the same oil production. 

Xtract Oil’s process configuration summarised above is quite complex.  A commercial plant design 

must achieve good economies of scale to be economically viable.  This implies the commercial 

design must cater for a large throughput of feed shale and where possible limit the number of parallel 

trains.  At 24,000 tpd (db) feed of Julia Creek oil shale the 3,000 tpd of raw shale oil equates to just 

over 20,000 BPSD of finished liquid product.  In crude oil refining terms 20,000 BPSD is very small, 

and as it involves deep hydrogenation with recovery of sulphur and ammonia as by-products the 

economies of scale of shale oil processing at this level are rather poor.  The earlier SPP/CPM Rundle 

oil shale demonstration plant near Gladstone partially solved this dilemma by exporting a stabilised 

crude shale oil to the Ampol refinery in Brisbane.    .   

Mining, crushing and delivering 24,000 tpd of fresh shale to the process plant is not particularly 

difficult as the mine will be open cut and the shale is not particularly hard.  The challenge arises in 

how to process such large quantities of solid through a high pressure high temperature Reactor 

System. 

5.3 Reactor System 

As noted above he process conditions prescribed by Xtract Oil for hydrogenating fresh oil shale are 

nominally 400 ºC to 450 ºC with pressures between 70 barg to 90 barg and a residence time of 1 to 

1½ hours.  In the Conceptual Development Study of March 2008, WorleyParsons proposed 5 parallel 

Reactor Systems, each with a shale feed capacity of 200 t/h.  A further train or two could be 

incorporated to act as standby.   Recycled hydrogen rich gas is also defined at 200 t/h per reactor.  

The rate of hydrogen consumption is 120 t/d, or 1 t/h per train.  Based upon a 1 hour solids residence 

time in the Reactor System the volume occupied by the solids will be approximately 91 m
3
 and the 

make-up hydrogen 174 m
3
 – a total of 265 m

3
.  If the recycled gas had an equivalent molecular weight 

of CO2 and a 15 minute gas residence time it would occupy  a further 800 m
3
 of reactor volume.  
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Even at 1/5
th
 train capacity these large reactor volumes are well beyond current known engineering 

practice.  For example the largest Mark V Lurgi pressure gasifier operating at half the pressure and 

twice the gas temperature processes only processes 60 t/h of coal.  Nominal reactor volume is 5m 

diameter and 5m bed height – 100 m
3
 and the solids residence time is around half an hour.   To 

manage the desired 200 t/h oil shale capacity for a 1 hour residence time would require at least 5 

such Mark V Lurgi gasifiers based upon the space requirements of the shale solids and hydrogen 

make-up alone.  Accommodating the recycle gas as would require several times as many gasifiers.  

Release of the hot vapours and gases driven from the oil shale should be configured so that 

residence times are at a minimum.  It is well known that spent shale will reabsorb poly-aromatics 

driven from the shale and this should be avoided.  Again with the large reactor volumes involved this 

will be a difficult task to achieve. 

Clearly the design and operation of the Xtract Oil Reactor System requires more development to be 

able to envisage a commercial solution.   The real dilemma relates to the very long one to one and a 

half hour residence time required to a achieve conversion.  By comparison the Lurgi LR oil shale 

retorting process has a primary solids residence time of 6 seconds and thus single train throughput 

could be designed at much greater capacities.   

5.4 Oil Shale Feed System 

Crushing and milling Julia Creek oil shale to < 2mm can be achieved with standard technology.  Even 

the 3% moisture present with the shale should not cause a concern.  However, transferring 200 t/hr of 

dry solids from a bunker at ambient pressure to a Reactor System at 80 barg and 400+ ºC will be a 

very difficult challenge.  By comparison, coal “Donor Solvent” hydrogenation processes slurry the 

solids with a recycle hydrocarbon so high pressure slurry pumps can be called upon to achieve this 

duty, albeit very likely with many parallel pumping units to achieve 200 t/hr solids flow.  The Lurgi 

“Lock Hopper” system used on the Mark V gasifier at Sasol is a proven commercial design at around 

40 barg.  To achieve 80 barg it may be necessary to arrange two such Lock Hoppers in series.  Dual 

lock hoppers in series are basically standard for coal feed systems to modern coal gasifiers. 

However, the real challenge will be to heat the feed shale from ambient temperature to 400+ ºC.  A 

Lurgi type lock hopper system could not sustainably handle solids material at this temperature, so the 

feed shale would have to be heated within the pressurised Reactor System.  It is estimated that at 

least 15% of the energy of the kerogen present in the feed shale will be needed just to heat the shale 

to reaction temperature.  Further heat transfer would be needed during the course of the reaction as 

hydrogenation is endothermic (the reaction removes heat).  There are commercial indirect solids 

heating systems, but they are only designed for ambient pressure operation.  Preheating the recycle 

gas to a much higher temperature and using its sensible heat to raise the shale temperature is a 

possibility.   Controlling the Reactor System conditions would be a difficult challenge.    
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More work is required to better define the major process parameters of the Xtract Oil Reactor System 

before a commercial design path can be established.   

5.5 Spent Shale Discharge 

The bulk volume of retorted shale often exceeds the bulk volume of the equivalent feed oil shale.  It is 

most likely that spent shale from hydrogenated oil shale will exhibit a similar characteristic.  Discharge 

of this spent shale from a 80 barg Reactor System when its temperature is at least 400 ºC may be 

feasible seeing that the Lurgi pressure gasifier also discharges hot ash from the base of the gasifier at 

similar conditions, albeit from a lower pressure.  Dust management at lock hopper seals and 

supply/discharge of pressurised lock gases will need close attention.   

However, the release of the spent shale directly back to the mine may be cause for concern for 

environmental reasons.  Hydrogenation does not convert all the kerogen carbon to usable gases and 

oils, but leaves residual carbon with the mineral matter.  This carbon will most likely be reactive with 

air or leachable in water so close attention will have to be paid to the environmental impact these 

large volumes of spent shale will have on the mine.   Some oil shale retorting processes solve this 

problem by combusting the carbon left with the spent shale to make best use of its calorific heat.  Any 

residual carbon left with the spent shale after combustion is relatively inert.   

5.6 Influences from the Mineral Matter 

As noted above the mineral content of marinite shales includes a significant amount of calcium 

carbonate.  Heating this carbonate can bring about the release of CO2.  At 550 ºC the equilibrium 

pressure of CO2 with limestone is around 0.055 kPa.  At 780 ºC the partial pressure approaches 

1 atmosphere.  Hydrogenation temperatures targeted 400 ºC to 450 ºC so one could imagine that the 

generation of CO2 would be minimal.  However, this did not appear to be the case with the results of 

the Monash University batch hydrogenation experiments.  CO2 was found to be present in the off 

gases and it is also noticeable that carbon monoxide CO was also present in these gases.  This 

suggests that a portion of the CO2 evolved from the limestone present with the oil shale and reacted 

with the hydrogen (H2) to form CO and water (H2O) – through what is termed the “Shift Reaction”: 

CO2   +  H2  ↔  CO  +  H2O 

Supply of the hydrogen from a natural gas source will be a considerable expense so the potential for 

this reaction to remove (and thus waste) hydrogen has to be thoroughly investigated.  The Shift 

Reaction does reach an equilibrium depending on temperature.  Commercially it is used to reduce the 

CO content and increase the H2 content of raw synthesis gases from coal gasification.   A catalyst 

promotes the reaction which is typically controlled between 280 ºC and 350 ºC.   It is possible that 

some mineral matter within the Julia Creek oil shale can act as a partial catalyst for this reaction.  The 

fact that the water partial pressure is relatively low will promote the Shift Reaction in favour of CO 

generation and thus higher H2 consumption.   
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Should there be other carbonates present in the oil shale the risk of CO2 generation and hence 

undesired hydrogen consumption may increase.   For instance magnesium carbonate thermally 

decomposes at much lower temperatures than calcium carbonate – typically 250 ºC to 500 ºC.  Here 

is another important aspect of Julia Creek oil shale hydrogenation which needs to be thoroughly 

investigated.   

Also, in terms of trace elements present in Julia Creek oil shale, the significant levels of vanadium, 

iron and arsenic may bring about contamination of the crude shale oil and thus interfere with the 

upgrading processes.   As oil shale retorting takes place at higher temperatures than hydrogenation 

the influence of these trace metals may be more apparent with the upgrading of crude oil generated 

through a retorting process.   

5.7 Challenges of Technology Commercialisation 

The WorleyParsons Study of November 2008 on Reverse Engineering the cost estimate of a 24,000 

tpd oil shale hydrogenation plant suggest that a capital expenditure well in excess of $A1 billion would 

be required.   Being a “First-of-a-Kind” process plant it will be very important to minimise and closely 

control the technical risk.  BHP’s Hot Briquetted Iron plant in NW Australia is an example where the 

technical risk was not fully appreciated.  Technical risk can only be managed by assiduous effort to 

solve technical problems through applied process research.  Scale-up from the laboratory batch test 

to a pilot plant, then a Process Demonstration Unit, followed by one commercial train for equipment 

testing, then multiple trains for a commercial operation will be necessary to manage the process risk.  

Xtract Oil is only just at the beginning of this long journey.  Laboratory test have proven shale oil well 

in excess of MFA performance can be achieved from Julia Creek oil shale.  Others have already 

verified that shale oil derived from kerogen can be refined into commercial petroleum products.  

However, as can be seen from the discussion above there are still many issues to be resolved at the 

laboratory scale before embarking upon pilot plant application.  Here the disappointing market 

response to Blue Ensign’s efforts to raise capital on the share market to build such a pilot plant in 

Townsville to trial the Rendall process on Julia Creek oil shale feed, illustrates the difficulty of piloting 

new unproven technology in Australia.  The configuration of the Xtract Oil Reactor System still 

requires resolving some very formidable challenges.  Just to reach a sustainable operation of a pilot 

plant system might require 3 – 5 years.  The Process Demonstration Unit would absorb a further 3 – 

4years including design, construction and extensive testing.  The first commercial size train would 

consume a similar period, so that production with some revenue return might be 9 – 12 years away.  .   

The 1984 Shell pre-feasibility study on developing the Tarfaya oil shale deposit in Morocco 

demonstrated the financial challenge of such a process development sequence.   Even with Shell’s 

technically easier retorting technology negative cash flow peaked in the billions of dollars after 10 – 

12 years of activity and only showed a positive return after 18 years.  Shell is a very large company, 

capable of accommodating such a long sustained expenditure program before showing any return.  

The company is also accustomed to taking technical risk and developing new process technologies.  
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Xtract Oil would need a partner of similar standing to embark on the development of a hydrogenation 

technology suitable for processing Julia Creek oil shale.   

5.8 Natural Gas Demand 

Hydrogenation achieves a significant improvement in oil yield – 179% MFA compared with nominally 

100% of MFA for retorting.  But, this increased oil yield is only achieved through importing natural gas 

and steam reforming it to provide the necessary make-up hydrogen.   Julia Creek is in remote north 

Queensland where there is no readily available natural gas.  It will have to be brought in by a new 

long distance pipeline.  An economic benefit analysis should be made to compare the cost of 

importing natural gas against the increased product yield.  It would appear that coal seam methane 

may provide a long term source of natural gas in Queensland but its cost will follow the energy price 

of crude oil over time.  The differential – gas cost versus increased shale oil revenue – has to be 

justified.  The impact of carbon dioxide released from the limestone at operating process 

temperatures and its subsequent consumption of hydrogen due to the shift reaction must also be 

thoroughly evaluated.   

5.9 Alternative Options 

The faster route to commercialisation of the Julia Creek oil shale deposit and a positive cash flow 

return would be to make use of commercially proven retorting technology.  The CSR/CSIRO research 

work during the 1970s/1980s explored this avenue.  Shell’s approach to the Tarfaya shales was also 

based upon thermal retorting.  Some of the high level issues are as follows. 

Unfortunately compared with oil shale hydrogenation, thermal retorting would require mining and 

processing nominally 79% more oil shale to achieve the same shale oil production capacity.  

However, retorting processes operate at ambient pressure and typically have higher specific 

throughputs, so the capital expenditure per tonne year of retorted shale oil may be less than that for 

hydrogenation.   Also on the positive side, using a proven proprietary process would transfer the 

process risk to the process licensor.  It would also mean that the duration to commercialisation would 

be much shorter.  A less obvious benefit of thermal retorting is that the combustion of the residual 

carbon left with the spent shale (ie that which has not been hydrogenated) is still usefully used to 

provide the energy not only for retorting but also contributing towards providing the necessary 

parasitic power required by the overall process plant site.  Furthermore, the spent shale after 

combustion is also more benign to the environment whereas the spent shale after hydrogenation may 

be more reactive to the environment and contain leachable components.   Combustion of the 

hydrogenation spent shale to inertinise it may not be possible as the carbon content would have been 

reduced below the Autothermal point.  It should also be noted that thermal retorting still yields a gas 

as well as oils and that gas stream can be used as a source for the hydrogen which will be needed 

stabilise the crude shale oil and remove the sulphur and nitrogen.   
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However, thermal retorting does present a bigger challenge than hydrogenation as it operates at 

higher temperatures and risks increased generation of carbon dioxide through dissociation of the Julia 

Creel oil shale limestone.  Different retorting technologies will have different propensity for CO2 

generation, but in principle the lower the spent shale combustion temperatures the lower the risk. 

The major commercial attraction of selecting oil shale retorting technology to process Julia Creek oil 

shale is that the technology supplier would provide and guarantee a proven technology which could 

be implemented in the shortest time frame, whereas hydrogenation loads all the process risk on 

Xtract Oil and would require an enormous pre-investment and a protracted long period to reach 

commercial production.   
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6 CONCLUSIONS 

Although hydrogenation of solid forms of hydrocarbon such as coal, biomass and oil shale has been 

researched for nearly a century, commercial realization has yet to be achieved.   This review provides 

a high level analysis of the various challenges which will have to be faced by commercial 

hydrogenation of marinite type oil shales such as that found at Julia Creek. 

• The challenges of delivering, heating and holding the large flow of solids through a reactor 

system of 70 bar to 90 bar and 425 ºC to 450 ºC for a 60  to 90 minute residence time have 

never been attempted at the scale being considered by Xtract Oil Limited.   Such large 

volumes with high pressure hydrogen at high temperature and pressure are well beyond 

current industrial experience. 

• Delivery of the necessary hydrogen has to be sourced from an external supply of natural gas 

which means drawing on the limited supply of natural gas available in the Mt Isa region and 

installing a long dedicated pipeline to the Julia Creek site.   

• Hydrogenation is definitely attractive because it yields significantly more oil than conventional 

thermal retorting, but only at the expense of consuming natural gas.  The net commercial 

benefit – oil revenue versus natural gas expense - may not be so attractive.    

• Hydrogenation reduces the amount of carbon left with the spent shale but as it is produced 

under anaerobic conditions, this carbon may be quite reactive due to the presence of cracked 

products.  These in turn may generate unpleasant odours.  The carbon left with spent shale 

from thermal retorting is generally sufficient to support combustion and the heat recovered not 

only provides the energy for thermal retorting but also additional steam, and thus power, for 

operating the plant.  For oil shale hydrogenation the residual carbon is much less and so heat 

and power may have to be sourced from the imported natural gas or perhaps the byproduct 

lighter gases such as LPG.   

• Carbon on the spent shale from hydrogenation may not be sufficient to support combustion and 

its direct ash disposal to the mine may prove to be environmentally unacceptable because of 

its reactivity and leachability. 

• Perhaps the most daunting challenge of oil shale hydrogenation will be financing the process 

development and equipment to arrive at an operating commercial process configuration.  The 

expectation is that an investment in excess of $1 billion will be required and it would take 

more than a decade before any revenue return could be generated.   

The alternative application of thermal retorting has advanced in the last 20 years since the CSIRO 

and CSR carried out their pilot plant experiments at Concord.  There are marinite type oil shale 

deposits elsewhere in the world which face similar commercialisation challenges to those at Julia 
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Creek, and thermal retorting remains the favoured option, particularly as the capital expense will be 

considerably less and the process testing and risks are borne by the technology provider/s.   


