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SYNOPSIS 

The Julia Creek oil shale deposit in northern Queensland contains in excess of 2 billion barrels of oil.  

Xtract Oil Limited has the prospecting rights to a significant portion of this resource and has been 

seriously investigating a number of avenues for developing a project to recover the oil.  As thermal 

retorting of oil shale is practiced commercially in several countries around the world, Xtract Oil 

engaged WorleyParsons to provide a high level technical review of the more “Commercial” processes 

and how they might be applied to the retorting Julia Creek oil shale.  The findings of this review are 

summarised in this report, 

 

 

 

 

   

 

 

 

 

 

 

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 

Xtract Oil Limited has the prospecting rights to a large section of the Julia Creek Oil Shale resource in 

Northern Queensland.  Potential this resource contains some 2.1 billion barrels of oil.  Since its 

discovery in the mid-1960s several major companies have seriously investigated development of the 

resource.  Extensive drilling has revealed the scale of the reserves.  Serious laboratory testing has 

been carried out by CRA, CSIRO and CSR with the view to thermally retorting the mined shale to 

break down the kerogen - the organic source of hydrocarbons present in the shale rock.  Supercritical 

extraction has been considered and more recently Xtract Oil has investigated the potential for 

hydrogenating the kerogen within the shale to release the oils and gases.  Unfortunately, the Xtract 

Oil testwork demonstrated that hydrogenation necessitates subjecting a substantial throughput of 

shale to high pressures and temperatures for long reactor residence times.  Such processing 

techniques are still in very early development.  Considerable investment, research effort and time 

would be required before any acceptable degree of “Commercialisation” could be achieved.   

Twenty or more years have passed since the CSIRO/CSR thermal retorting research was carried out.  

Perhaps process development elsewhere in the world has been more successful in reaching a 

“bankable” status for commercial applications of oil shale retorting.  The increasing real cost of crude 

oil has precipitated closer attention to possible opportunities for the recovery of shale oil.  This report 

reviews the current status of the more prospective Oil Shale Retorting Technologies that are available 

today and the applicability of each to the processing of Julia Creek oil shale.. 
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2 OIL SHALE RETORTING PROCESSES 

2.1 Challenges posed by Julia Creek Oil Shale 

Julia Creek oil shale was deposited in the shallows of the ocean more than 100 million years ago.  

It falls into the category of “marinite” shales which have a characteristically high content of limestone.  

On the other hand the kerogen content of Julia Creek oil shale is relatively low compared with other 

oil shales around the world.  Its average Modified Fischer Assay yield is only around 74 litre/tonne.  

Such shales are nevertheless commercially exploited in Estonia and northern China and serious 

consideration is being given to processing similar marinite shales in Morocco and Jordan.  These two 

important properties of high limestone and low kerogen content will pose a challenge to the 

commercial development of the Julia Creek oil shale.   

Retorting involves simply heating the shale to a temperature high enough to thermally crack the very 

large kerogen molecule into smaller molecules of oil and gas.  Typically retorting processes operate in 

the range of 500 ºC.  The standard measure of the potential oil yield from oil shale is a simple bench 

test called the Modified Fischer Assay.  A defined sample of shale is subjected to a steady rise in 

temperature to 520 ºC and the amounts of gas, oil and char are collected and measured.  However, in 

the process of heating the shale higher temperatures are required to achieve adequate heat transfer 

and there is a risk of simultaneously calcination of the associated limestone in Marinite shales to form 

lime and carbon dioxide.  Calcination is an endothermic reaction which will require additional heat 

over and above that needed for retorting the kerogen.  Hence, not only will process thermal efficiency 

decrease with an increasing degree of calcination, but the residual spent shale will be quite alkaline 

and the carbon dioxide content in the gaseous emissions of the process will increase.  Furthermore, 

the proportionately larger sensible heat requirement of the mineral matter in low oil yielding shales 

like that at Julia Creek will require that much more of the heat available in the kerogen.  This will 

reduce amount of the kerogen’s energy left to report to the desired oil and gaseous products.  

Therefore, the thermal efficiency of the oil shale retorting process will have an important influence on 

the useful yield of the feed oil shale.  The choice of commercial process must consider these key 

challenges posed by oil shales like that found at Julia Creek. 

2.2 Classification of Oil Shale Retorting Processes 

Oil shale has been commercially exploited for centuries.  There have been numerous “processes” 

developed over the years.  Some have reached “Commercial” status in various forms while others 

have fallen by the wayside.  The oil shocks of the 1970s saw the rapid sprouting of new ideas, 

especially in the USA and the Green River Basin encompassing Utah, Wyoming and Colorado.  

Interest had waned by 1990 with the slump in the real price of crude oil but in the last decade there 

has been a renewed attraction due to a resurgence in the real cost of crude oil.   
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The following table summarises the more developed oil shale retorting technologies.  These 

technologies can be classified depending on how the shale is heated, the size of shale particle 

processed and whether the residual carbon left with the spent shale is utilised.  Xtract Oil has 

specifically asked WorleyParsons to review in closer detail the most prospective commercial 

processes which include the vertical retorts of PetroSix, Paraho, Kiviter and Fushun, the fine grained 

processes of Enefit and Alberta Taciuk, and the heap retorting process of EcoShale In-Capsule.  The 

Shell SPHER process has not been considered as it has not been supported by Shell since the mid-

1980s.  Only above ground retorting processes have been considered. 

The more prominent Oil Shale retorting processes are: 

 

Process Heating Method Size Spent Shale Status 

Gas Comb. (DH/IH) Internal Combustion Lump Combusted Superceded 

A.C.Kirk Wall Conduction Lump Not Used Superceded 

Paraho (DH/IH) Internal Combustion Lump Combusted Demonstration 

Fushun Internal Combustion Lump Combusted Commercial 

Kiviter External Combustion Lump Not Used Commercial 

Union A (DH/IH) Internal Combustion Lump Combusted Demonstration 

Superior (DH/IH) Internal Combustion Lump Combusted Demonstration 

PetroSix External Combustion Lump Not Used Commercial 

Fischer Assay External Combustion Fine N/A N/A 

Alberta Taciuk Wall Conduction Fine Combusted Commercial 

EchoShale In-C. Wall Conduction Lump Not Used Demonstration 

Galoter Hot Recycle Solids Fine Combusted Now Enefit 

Enefit Hot Recycle Solids Fine Combusted Commercial 

Lurgi Ruhrgas Hot Recycle Solids Fine Combusted Not Supported 

Shell Spher Hot Recycle Spheres Fine Combusted Not Supported 

Tosco II Hot Recycle Balls Fine Combusted Demonstration 

Those technologies that process lump shale, typically +12mm/-65mm, are usually vertical retorts and 

the larger solid size provides a reasonable interstitial flow space to allow relatively unimpeded flow of 

retorting gases and gas/oil products to rise through the deep bed of shale..  Such retorts usually have 

two halves with feed shale flowing down under gravity as it is processed.  Shale is retorted in the top 

half by the hot rising gases and in the lower half the spent shale is either cooled by recycled gases or 

fed with air to combust the residual carbon left after retorting.  In the former heat is provided by 

preheated hot recycle gases entering between the two halves (termed Indirect Heating or IH) and in 
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the latter the heat from the combustion of the carbon is used to retort the shale (termed the Direct 

Heating or DH).  Several processes in the table can be configured both ways, viz. DH or IH.  The 

Direct Heating approach makes use of the energy from the carbon left on the spent shale, but it does 

introduce nitrogen and combustion products into the gas stream leaving the top of the retort.  This 

unfortunately significantly reduces the heating value of the residual gases left after the shale oil has 

been removed.  It also means the size of the retort gas processing plant is proportionately larger.  The 

Indirect Heating approach does not use the energy of the residual carbon and externally preheats 

recycle gases fed to the middle of the retort using product gases or an alternative source of heat.  The 

resultant fuel gas is undiluted and thus has a higher calorific value.  However, the biggest 

disadvantage of processes which require a lump feed is that the fines generated during mining and 

shale preparation cannot be processed.  This can amount to 10 – 30 % of the mined shale.   

Fine grained processes can handle the entire shale delivered from the mine.  Most of these 

technologies also separately combust the carbon left on the spent shale and use the heat generated 

to retort the fresh shale by directly contacting recirculated hot solids or spheres/balls with the fresh 

shale.  The product fuel gas is not diluted by combustion gases and so it has a high calorific value.  In 

terms of thermal efficiency fine grain processes generally have a better performance than vertical 

lump processing retorts.  The Alberta Taciuk process also retorts fine shale but relies on heat transfer 

through an internal rotary kiln containment wall, rather than direct contact between hot recycled solids 

and the fresh shale. 

As a matter of principle, the term “Commercial” used in this report refers to processes which are in 

commercial operation or have been demonstrated at such a capacity that subsequent application 

would be on a commercial scale.   
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3 PETROSIX PROCESS 

3.1 Process Licensor 

The Petrosix Oil Shale Retorting Process has been developed and is licensed by: 

Petroleo Brasiliero SA (Petrobras),  Superintendéncia Industrialização do Xisto (SIX), 

Avenida Chile, 330, 26th Floor – Building Ventura, Rio de Janeiro, BRAZIL 

Demarco Jorge Epifanio, General Manager INTER-DN (International Area - Business Development) is 

the person responsible for Petrosix international business.  Mr Bassim Djahjah is the Project 

Coordinator 

Tel:   +55 (21) 2144-2630, 2144-4178, 2144-4199 

Email:  sueli.personal@petrobras.com.br  (secretary) 

3.2 Process Description 

The Petrosix oil shale retorting process is 

characterised by continuous gravity flow of shale 

against a rising counter-current flow of gases, 

and by direct gas to solids heat transfer.  This 

vertical shaft configuration has been applied 

commercially for more than a century for large 

scale continuous coking of coal.  The Petrosix 

process was one of the first oil shale applications 

to operate in this mode on a continuous basis 

and with a significant throughput.  It is similar in 

many respects to other lump shale retorts like the 

Paraho, Kiviter and Fushun retorts, which are 

discussed in further detail in this report.  It uses 

the “Indirect Heating” method whereby the hot 

retorting gases are externally heated before 

being introduced to the retort.  The adjacent 

schematic illustrates the key internal features of 

the Petrosix retorting process (DE1).   

Freshly mined shale is crushed and screened to 

a size distribution of +12mm/-75mm.  Fixed bed 

systems like the Petrosix process require such a 

“nodule” or lump type of feed to ensure free and uniform gas flow up through the bed of solid material.  

Unfortunately the fines <12mm cannot be retorted in the Petrosix process and they have to be 
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discarded.  This means between 10% to 30% of the mined shale has to be returned to the mine.  At 

the Petrosix works in São Mateus do Sul 6,600 tonnes of fresh oil shale are retorted each day but 

1,500 tonnes of fines are discarded – ie 18.5% of the mined shale (ED1).   

The prepared oil shale feed enters the top of the retort through a gas seal rotary feeder and descends 

through a segregation section which allows the rising gases to separate from the descending solids.  

With the aid of internal baffling the solids are distributed across the much larger “reactor” section of 

the retort.  Solids residence time increases accordingly.  The rising gases are hot and sensible heat is 

transferred directly to the fresh shale as it descends.  Shale moisture is driven off and as the shale 

temperature increases to around 500 ºC the organic kerogen associated with the fresh shale 

thermally cracks and releases oil and gaseous molecules into the rising gas stream.   

Externally heated hot gases at around 600 ºC are injected into the middle section of the retort to 

provide the major source of heat for retorting the oil shale.  These gases rise up through the 

descending solids and leave the retort via the anti-segregation device carrying the gas and oil 

vapours released by the kerogen along with them.  The retorted or “spent” shale continues its descent 

into the lower section of the retort and is cooled to between 150 and 250 ºC by a rising stream of cold 

recycled gas introduced near the base of the retort.  The spent shale is removed at the bottom of the 

retort through a water seal using immersed drag conveyors.  This secondary cold gas flow is heated 

as it rises through the cooling spent shale.  At the middle of the retort it is mixed with the main hot 

recycled gas stream thus providing a supplementary heat source for retorting, and thereby an 

improvement in thermal efficiency.   

The gas flow distribution system servicing the Petrosix retort is pictorialized as follows (QW1). 
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The recirculating gases containing the oil and gas products cracked from the kerogen are directed 

firstly through a wet scrubbing cyclone and then through an electrostatic precipitator to remove the 

majority of entrained solids borne by the gas stream as well as the bulk of the condensed oil mist.  

The cleaned gas is then compressed and split into three streams: (a) primary circulation gas is 

indirectly heated to 600 ºC and fed to the middle of the retort, (b) secondary circulation gas is directed 

to the base of the retort for spent shale cooling, and (c) the excess undergoes further cooling for the 

recovery of light oils and water, followed by a gas handling unit to recover LPG and sulphur.  The 

primary energy source of heat for the retorting process is supplied by the fuel used in the indirect 

recycle gas heater.  Fuel gas or fuel oil derived from the oil shale can be used. 

3.3 Process Development 

Brazilian oil shale had been exploited in the State of Bahia as far back as 1884, but it took until 1935 

before a small continuous plant was commissioned at Tremembé (São Paulo State) on the enormous 

Irati oil shale formation which extends 1700 km to the Argentinian border.  Serious commercial 

development began in 1953 with the formation of the national oil company, Petroleo Brasiliero SA 

(Petrobras) and one of its divisions, Superintendéncia Industrialização do Xisto (SIX), was charged 

with the responsibility of developing the Brazil’s oil shale opportunities.  After evaluating and bench 

scale testing of a number of process concepts, SIX or Petrosix, decided to focus on a well tested 

vertical configuration whereby preheated hot gases directly contact a slowly descending stream of 

lump shale.  A 5.5 metre diameter semi-works demonstration prototype was brought on line in 1972 at 

São Mateus do Sul.  Low crude oil prices inhibited further development until the 1979 oil shock after 

which the prototype unit was brought back into limited commercial operation in 1981 (WE1).  Plant 

capacity was nominally 65 ton/hr producing some 770 bbl/d of oil, 35 t/d of fuel gas and 15 t/d of 

sulphur (DE1).  By the end of 1991 a much larger 11 metre diameter Industrial Module retort had been 

brought into service and this unit nominally processed 260 t/h of shale to produce 3100 bbl per day of 

shale oil, 85 t/day of fuel gas, 45 t/d of LPG and 60 t/d of sulphur.  The US design from Cameron 

Engineers was used.  It is claimed that this new Petrosix unit is the largest single train oil shale 

retorting system in the world (WI1).   Annual onstream factors have been averaging about 90% (DE1).   

To facilitate a better understanding of oil shale retorting behaviour, a small 8 inch diameter pilot plant 

was brought into operation in 1982 to characterize the behaviour of oil shale under retorting 

conditions and to develop data for technical and economic evaluation.  This was followed in 1984 by 

the commissioning of a process demonstration retort (6ft diameter) for optimizing the application of 

Petrosix technology when applied to various oil shales from different parts of the world. 

Performance yield data of the Petrosix retorting process are scarce.  The 260 t/h Industrial Plant is 

reported to achieve between 90% to 97% of Modified Fischer Assay yield (BS1, RA1).  It does, however, 

require a fuel source for externally heating the recycled hot gas stream, so the true yield will be 

somewhat less. 
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3.4 Commercial Operation 

The Petrosix process is well advanced in terms of large scale operating experience and serious 

projects are under consideration in several locations around the world.  The following is a summary of 

these current activities. 

3.4.1 Brazil  

The 260 t/h Petrosix gas heated retort has been in operation at São Mateus do Sul for nearly 20 

years.  Together with the older 65 t/h retort some 2.5 million tonnes of oil shale are processed each 

year to yield around 1.25 million barrels of oil, 14,000 ton of LPG, 35,000 ton of fuel gas and 21,000 

tons of Sulphur.  The retorting plant is supported by a complete hydrocarbon upgrading section to 

arrive at finished commodity products (PX1).  This includes hydro-treatment, to yield a syncrude 

containing 14 vol% gasoline, 13 vol% kerosene, 19% diesel, 19% gas oil and 35% heavy oil.  Gas 

treatment includes desulphurisation followed by Claus unit recovery of liquid sulphur.   

The plant also produces other commercial products that can be used by the asphalt, cement, 

agricultural and ceramic industries (PX1, ED1).  The plant has also retorted used tyres (PX2). 

However, it would appear that as Brazil has been fortunate with the discovery of significant offshore 

oil resources, it is not certain that further large scale plants will be built there in the near term future.   



  

XTRACT OIL LIMITED 

OIL SHALE RETORT PROCESSES 

A REVIEW 

201010-00189 Rev B Page 9 :: 10th October 2011 

3.4.2 USA 

In June 2008 Petrobras signed an agreement with Oil Shale Exploration Company (OSEC) and the 

Japanese investment and trading company, Mitsui & Co. Ltd, to conduct a joint study on the feasibility 

of an oil shale development project in Utah.  Petrobras was responsible for the technical, economic 

and environmental commercial feasibility study based upon its Petrosix oil shale technology and the 

oil shale resources controlled by OSEC in Utah.  Mitsui was to provide advice concerning project 

management and promotion.  For these services Petrobras and Mitsui each earned the right to 

acquire a 10% to 20% stake in the project.  

OSEC’s Utah oil shale project encompassed the lease of an oil shale property from the Bureau of 

Land Management (BLM) of more than 22,000 acres of privately-owned oil shale property in the 

Green River Basin of Utah. The combined lease and owned property provided OSEC with ownership 

or rights to more than 30,000 acres of oil shale property, with a discovered resource base in the range 

of 3 billion barrels, according to Norwest Corporation estimates (OS1, OS2). 

However, few results of this study were disclosed, and in March 2011, Eesti Energia acquired 100% 

of OSEC shares and subsequently announced it would conduct a new commercial study using its 

Enefit Process (EN1).  The opportunity for implementing the Petrosix process in the USA disappeared. 

3.4.3 Morocco 

Morocco is highly dependent on energy imports; hence its government is keen to exploit the 

significant deposits of indigenous oil shale.  Morocco developed its own oil shale processing 

technology(ON1)  and operated a twin vertical retort system, the Timahdit T3 Retort, from 1984 to 1986 

Oil yield was poor at 70% of Fischer Assay and only 400 ton of shale oil were produced (BS1). 
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In 2008 the Moroccan National Office of Hydrocarbons and Mines (ONHYM) employed Petrobras to 

evaluate the Tamahdit deposit in order to encourage development of a domestic oil production 

industry (WM1).  The French oil major, Total, joined the project by signing a co-operative agreement 

with Petrobras, bringing with it state-of-the-art oil upgrading technology and deep knowledge of the 

region.  Studies on Moroccan oil shale are currently on hold while the Moroccan authorities finalise 

their environmental studies.   

3.4.4 Jordan 

Petrobras has signed a Memorandum of Understanding with Jordan’s National Resource Authority 

(NRA) to investigate the possibility of commercial production from the country’s oil shale reserves.  

These studies are continuing.   

3.5 Advantages/Disadvantages 

3.5.1 Advantages 

Petrosix claims a number of process advantages with its technology.  The main ones of substance 

are worth commenting on: 

 Proven capacity to operate in an efficient, reliable and continuous manner.  After more 

than 20 years of continuous operation most of the pitfalls of the retorting process and 

associated gas handling equipment would have been resolved. 

 Plant ownership belonging to licensor.  Petrosix has the test facilities and technical 

expertise to assess the performance if its retorting process with other feed shales. 

 Simplicity – the retort configuration is relatively simple.  There are no moving parts besides 

the fresh oil shale feeder and the chain conveyors which remove the spent shale from the 

base of the retort. 

 By recycling non-condensable gases to the middle and the base of the retort without 

introducing air to combust the carbon left on the spent shale the Petrosix retort reduces the 

gas handling and condensation system associated with recovery of commercial 

hydrocarbons from the oil shale.  Nitrogen from the combustion air does not dilute the by-

product fuel gas.  The emissions from the recycle system are significantly less although the 

indirect recycle gas heater will generate a separate but easily controllable stack gas. 

3.5.2 Disadvantages 

 The vertical shaft configuration requires a feed shale of +12mm/-75mm which means that 

all fines nominally less than 12mm generated through mining and crushing have to be 

screened and returned to the mine.  This can amount to between 10% and 30% of the 

mined oil shale.  For example the 260 t/h Industrial Unit retorts 6,600 t/d of oil shale ore, 
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but discards 1,500 t/d of oil shale fines (ED1), which equates to 18.5% of the mined oil shale.   

One solution would be to deliver the fines to a parallel oil retorting process that could 

accept a fine shale feed.   

 The energy content associated with the carbon left on the spent shale is not utilised.  This 

can amount to some 30% of the total energy present with the feed shale.  Potential process 

thermal efficiency suffers as a consequence.   

 At middle retorting temperatures of around 500 ºC the carbon left with the spent shale 

will continue to exhibit reactive behaviour, and therefore may not be particularly benign 

when it is both slurried away with water and subsequently put into permanent storage 

back in the mine.  Soluble hydrocarbons may enter the water stream or be leached 

over time from the stored spent shale.  Also, the spent shale carbon is a cracked 

product and therefore may undergo further reaction, especially in contact with air.  It 

will also exhibit noticeable odour.  Petrosix puts a significant effort into managing the 

environment associated with mining and storage of spent shale (FK1). 

 Typically, the bulk of the kerogen is thermally cracked to gases and oils between 400 

and 500 ºC.  As these new products rise through the descending shale the heavier oils 

may condense onto the colder feed shale and subsequently be subject to further 

thermal cracking as they return to the hottest retorting zone.  Oil yield compared with 

Modified Fischer Assay can suffer as a consequence.  This distillation reflux effect is 

an inherent disadvantage of such counter-current retorting processes. 

 Most likely the heavier oils will exit the retort as a mist, along with any entrained fine 

shale.  The temperature of downstream surfaces will need to be maintained at a 

sufficient level to avoid accumulation of oil and dust (ie thermally heated to counter 

heat losses).  It has been known that such accumulation, which can also be 

accompanied by polymerisation, has led to narrowing of ducts and eventual load 

failure.  Cleaning of the system including the precipitator would be both unpleasant and 

potentially hazardous to personnel. 

 A retorting process yields a variety of cracked “unsaturated” hydrocarbons – both 

gases and liquids.  Petrosix requires a compressor downstream of the oil mist 

precipitator.  Depending on the type of compressor and the compression ratio 

temperature rise due to gas compression can encourage polymerisation of the olefins 

present in the gas, which can lead to maintenance difficulties with the compressor.   

 The unsaturated content of the non-condensable hydrocarbon gases may also 

undergo further cracking on the high temperature surfaces of the indirect gas heater 
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which raises the temperature of the hot stream recycled back to the centre of the 

Petrosix retort.  Carbon products may accumulate on the heat transfer surfaces and 

slowly degrade the rate of heat transfer.   

 It appears that the Petrosix process concept requires a significant amount of water.  

Brazil has adequate supplies but in many other oil shale regions such as Australia, 

Jordan and Morocco water is at a premium and may prove a challenge for 

implementing the process.   

 Furthermore quenching hot spent shale will generate steam but it is not clear where 

this steam is vented.  If the quench occurs inside the retort the evaporated steam will 

add to the cold recycle gas and eventually be condensed in the downstream gas 

processing train.  The condensing system handling pyrolysis water will increase 

accordingly and so will the quantity of waste water which will have to be treated,  If the 

steam is vented outside the retort the external stack will release wet steam with some 

particulate matter and very likely an odour into the surrounding atmosphere.  In the 

following photograph of the two Petrosix retorts at São Mateus do Sul each plant exhibits 

a small stack with a vapour plume (just to the left of the respective main stack).  This could 

be the venting steam.  Not also the proximity to local housing.   
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3.6 Applicability to Julia Creek Oil Shale 

Julia Creek oil shale could be processed by a Petrosix retort as a lumpy feed between 6 – 12mm and 

75mm.  This would waste perhaps 10 – 30% of the minable shale because the Petrosix process 

cannot handle fine materials.  Parallel use of a fine shale retorting technology, as the Fushun Mining 

Group are doing in China by adding a Taciuk retort to complement their Fushun retorts, would be a 

solution to this problem.  It would also reduce shale milling costs.   

The Petrosix technology has been developed for Irati lucastrine shales of Brazil which contain 

minimal limestone material.  Some additional heat load would need compensation for a Julia Creek 

shale feed if the Petrosix process does cause some dissociation of the calcium carbonate minerals 

present in marinite type oil shales.   

Water availability at and around Julia Creek is rather limited so an alternative spent shale 

cooling/quench system would have to be implemented.  Should the unquenched discharged spent 

shale be released to atmosphere at too high a temperature then there is a potential risk of fire.  The 

unburnt reactive carbon left might possibly catch fire. 

The 260 t/h Industrial Plant size Petrosix retort processing 3wt% moisture Julia Creek shale at an oil 

yield of 90% of MFA (7.1 wt%db oil with SG 0.962) would nominally produce 2,500 bbls/day of oil.  

Thus 8 + 1 Petrosix retorts would be required to produce 20,000 bbl/day of crude shale oil.   
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4 PARAHO II PROCESS 

4.1.1 Process Licensor 

The Paraho Oil Shale Retorting Process is licenced by Shale Tech International (STI), a US based 

private technology developer headquartered in Rifle, Colorado.  The company was founded in 2006 

and its prime function is to promote and advance the use of the Paraho II™ Technology (ST1). 

Contact details are: Shale Tech International 

1354 County Road 246 

Rifle, Colorado 81650, USA 

Phone: +1 970-625-3193 

STI employs less than 20 people and has an annual revenue of less than $US5 million.  Nevertheless 

it offers the services of a fully equipped pilot plant and analytical laboratory located at its works near 

Rifle, Colorado.  The company is thus able to develop optimal operating conditions and engineering 

design data for process plant development.  STI states it can provide a range of engineering and 

consulting services to prospective developers to 

support major contractors in the design and 

construction of commercial scale plant(ST1). 

4.2 Process Description 

The Paraho retort consists of a gravity fed 

vertical refractory lined mild steel vessel fitted 

with an oil shale feed/distribution device at the 

top and a moving grate/rotary seal device for 

uniform extraction of spent shale at the bottom.  

In principle, the Paraho retort is similar to other 

lump shale retorting processes such as Fushun, 

Kiviter and Petrosix.  The primary differences 

occur around the gas supply and gas extraction 

systems.  The adjacent isometric sketch (DO1) 

illustrates the configuration adopted with the 

original 1970s Paraho retort installed at Rifle, 

Colorado.  At present there is no published 

information available on the current gas 

distribution systems adopted for the STI 

demonstration plant at Rifle and QER’s recently 

commissioned 2.5 t/hr retort at the old SPP site 

at Yarwun, near Gladstone, Queensland. 
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The Paraho retort can be operated in two 

heating modes.  The “Direct Heating” mode 

is very similar to the Bureau of Mines “Gas 

Combustion Retort” where byproduct fuel 

gas is recycled to different levels of the kiln 

and directly combusted with air as it is 

injected into the retort.  Air can also be 

used to combust the residual carbon left on 

the spent shale.  This diagram illustrates 

the different process zones that the feed 

shale is subjected to as it descends from 

the top of the kiln to the bottom.   

 Yellow: Feed shale is preheated and 

dried by hot gases rising from below.  

These gases cool and the heavier 

fractions of the oil vapours condense to 

form a mist, which is entrained by the 

gases exiting the top of the retort. 

 Orange:  The preheated shale is 

pyrolysed at around 500 ºC with the 

heat being supplied by the gases rising 

from the combustion zone below. 

 Red:  Combustion of the residual 

organic matter left on the retorted shale 

and gas temperatures rising to 700 – 

800 ºC.  Heat can also be supplied by 

combustion of recycled retort gases. 

 Grey:  Shale cooling by recycled cold 

retort gases. 

 

The “Indirect Heating” mode uses 

externally fired preheaters to elevate 

recycled gas temperatures to levels 

sufficient to predry and preheat the shale at 

the top level and to then retort the shale at 

the middle level.  Cold recycled gas is 

delivered at the bottom to cool down the 

retorted spent shale.  The two simplified 

flow sheets illustrate the differences (ST1): 
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4.3 Process Development 

The Paraho Development Corporation was formed in the USA in the early 1970s and oversaw the 

construction and testing of two operational retorts, a pilot-scale unit 1.3 metres in diameter and 

18 metres high with a throughput capacity of 1.2 ton/hr and a semi-works unit of 3.1 meters in 

diameter and 21 meters high with a nominal capacity of 12 ton/hr.  Collectively these units produced 

over 100,000 barrels of crude shale oil, some of which was refined for end-use experiments by the 

United States Department of Energy and the Department of Defence.  Both the direct and indirect 

heating modes were tested.Funding for this development of the Paraho process, over $200 million in 

today’s dollars, was provided by 17 of the world’s largest integrated oil, mining and engineering 

companies along with financial support from the U.S. Federal Government (QE1, STS1). 
 
 
 
 
 
 
 
 
 
 
 

Rifle Pilot Plant: 1.2 t/h (ca.1978)    Rifle Semi-Works Plant (ca. 1980) 
 
In 1982 the Semi-Works plant was dismantled and the pilot plant was moved to an adjacent plot of 
private land.  In June 2000 Shale Technologies purchased the Paraho Development Corporation and 
became the owner of the Paraho oil shale retorting technologies.  Shale Technologies has 
subsequently refurbished the pilot plant and brought it back into operation (PB1). 





  

XTRACT OIL LIMITED 

OIL SHALE RETORT PROCESSES 

A REVIEW 

201010-00189 Rev B Page 18 :: 10th October 2011 

Queensland Energy Resources Limited (QER) was formed in 2004 when it acquired the assets of 

the Stuart Oil Shale Project from the receivers of Southern Pacific Petroleum (SPP).  Together with 

the Canadian Suncor, SPP had operated a 250 t/h Taciuk rotary pyrolysis kiln located at Yarwun 

some 15 kilometres north of Gladstone on the central Queensland coast.  SPP had retorted Stuart 

shale over several years and produced more than a million barrels of upgraded shale oil.  Due to 

environmental issues, the withdrawal of Suncor and a lack of financial support SPP were unable to 

proceed further.   

QER decided to start with a “clean slate”.  The Taciuk kiln was dismantled and replaced with a 

Paraho Technical Demonstration Unit, as noted above, licenced from Shale Tech International.  In 

excess of 8,000 tonnes of Stuart oil shale were shipped to the USA and tested in STI’s pilot plant in 

Rifle Colorado.  In May 2010 QER decided to build a Technical Demonstration Plant and the first 

samples of shale oil were produced in October 2011.   

The selection of the Paraho technology may be the result of links between the various stakeholders.  

QER is owned by the US based billionaire Ziff brothers.  The cofounder of both QER and STI, Bill 

Jones, was formerly the Vice President of Energy Development with Ziff Brothers Investments.  He 

was also a Principal with Sandefer Capital Partners; Venture Consultant at Austin, Texas (BJ1).  It is 

noted that today Bill Jones does not appear in the management team of either QER or STI. 

The configuration of QER’s pilot plant is illustrated in the following isometric (QE2).  Fresh shale is 

crushed and screened to +10mm/-40mm .  The <10mm fines are briquetted into a supplementary 

feed for the Paraho kiln.  To reduce heat load on the Paraho retort the feed is predried from 20 wt% 

moisture to probably <3 wt% moisture. 

 

The QER Paraho retort is a rectangular shaped refractory lined “kiln” 12 metres high and 2.5 m by 

1.4 m in cross-section (ie 3.5 m2).  It has been designed to process around 2.5 tonnes per hour of dry 

oil shale and produce approximately 37 – 40 barrels of shale oil per day.  Retorting temperature is 
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controlled to 500 ºC and spent shale is discharged at approximately 180 ºC.  Crude shale oil is refined 

to produce diesel, aviation fuel and a light fuel oil.  The following two photgraphs show the plant 

towards the end of the construction phase (FP1). 

4.4 Commercial Operation 

The Paraho II technology has not yet reached the commercial “bankable” phase.  It has only reached 

the technical demonstration stage.  The Semi-Works plant operated in the 1970s at Rifle, Colorado, 

only had a throughput of 12 ton/hr.  This may be roughly twice the capacity of a Fushun retort (see 

Section 5) but it is only one twentieth the capacity of the 250 t/hr Taciuk retort operated by SPP. QER 

is planning larger scale equipment by 2016 and represented their ideas in the following isometric (QE1).  

Estimated retort cross section of 10m x 50m / 3.5m2 x 2.5 t.hr suggests a capacity of ~ 350 t/hr 

producing around 5,500 barrels of shale oil per day. 
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4.5 Advantages/Disadvantages 

QER state the Paraho technology was selected for the following reasons (QE1): 

 High availability because of its mechanical simplicity. 

 High oil yield with operational flexibility allowing steady retorting performance 

 High thermal efficiency with reuse of generated process heat 

 Safe operation at ambient pressure 

 Environmentally manageable waste emissions 

Such statements are generalisations typical of all oil shale retorting technology process developers.  It 

is clear the Paraho II technology has the same generic features of all lump feed oil shale retorts like 

the Petrosix, Fushun and Kiviter retorts.  The relative advantages and disadvantages of this type of 

retort follow a similar pattern as discussed above in Section 3.5 above.   

The experience and techniques developed with the Paraho process of operating either in the Direct 

Heating Mode or the Indirect Heating Mode may add flexibility, but the choice leads to compromises 

either way.  In the Indirect Heating Mode the retort gas remaining after oil condensation is not diluted 

with combustion products and thus has a higher calorific value.  However, much of that gas has to be 

used as the source of heat to fuel the indirect heaters as there is no energy recovery from the residual 

organic matter left on the spent shale.  As noted earlier, that organic carbon on the spent shale may 

also prove an environmental challenge for safe and effective disposal of the residual shale back to the 

mine.  In the Direct Heating mode the products of combustion reduce the calorific value of the fuel 

gas remaining after oil condensation.  Where the oil shale is not kerogen rich this fuel gas may even 

fall below the limits of sustainable combustion.   

QER’s application of the Paraho process highlights two important challenges which must be mastered 

for a successful future commercial operation – these are dealing with the fines and containing the 

odorous emissions.  : 

 As noted the Paraho retort cannot tolerate fine shale present with the lump ore feed, as 

they tend to block the interstices and inhibit free gas flow with minimal pressure drop as 

well as cause mal-distribution of gas flow and thus uneven or incomplete retorting of the 

feed shale.  The feed specification thus requires lump size between +10mm and -40mm.   

 Instead of discarding the fines <10mm and returning them to the mine (as with Petrosix, 

Fushun) or burning it in a power station (as in Estonia), QER intend to briquette these fines 

into “pillows” which hopefully are acceptable to the retorting process.  From Estonian and 

Chinese experience the proportion of fines  <10mm can vary between 10% and 30% of the 

mined oil shale.   

 Briquetting solids, like coal, is rather difficult and most often with a double roll press 

requires a binder to maintain briquette integrity.  The briquetting machine may also suffer 

significant wear due to the silica, or pyrite content.  (Note White Energy’s lack of 



  

XTRACT OIL LIMITED 

OIL SHALE RETORT PROCESSES 

A REVIEW 

201010-00189 Rev B Page 21 :: 10th October 2011 

commercial success in briquetting dried brown coal at its million t/yr Tabang works in 

Kalimantan (WE1)). 

 Briquetting upstream of the drier may result in briquette disintegration during the drying 

process.  Perhaps of greater concern will be the risk of briquette disintegration during the 

retorting process and even more so the combustion process where the kerogen is 

thermally cracked and there is little “glue” left to hold the fines together. 

 To a lesser extent, the integrity of the lump feed might also suffer a degree of disintegration 

during the process of retorting.  Similar comments might apply during the combustion stage 

lower in the retort for the “Direct Heating” mode.  While it does not necessarily apply to the 

Stuart and the PRB lucastrine shales, these processes may bring about disintegration of 

marinite shales through the dissociation of the large amount of calcium carbonate present.  

The fines generated will be carried into the higher levels of the fixed bed and compromise 

performance of the process. 

 The second challenge may be the odour generation of the oil shale drying step.  This 

proved to be a significant problem for SPP and a prime reason for local resident 

disapproval of oil shale processing in the region.  QER indicates it has solved this 

challenge.   

 The spent shale discharged from a Paraho retort operated according to the Indirect Heat 

mode may also issue odours as it will contain residues of unsaturated “cracked” 

hydrocarbon compounds which may oxidize and invariably exhibit odour.  Combustion of 

these compounds using the Direct Heating mode significantly reduces this impact. 

4.6 Applicability to Julia Creek Oil Shale 

Julia Creek oil shale could be processed in a Paraho type retort.  Fortunately Julia Creek oil shale is 

much drier and would not require the predrying step foreseen by QER.  The <10mm fines would still 

have to be discarded or separately dealt with to provide a suitable lump ore feed.  The impact of 

carbonate dissociation would have to be thoroughly tested, although it is noted that vertical lump ore 

retorting of high carbonate oil shales has been commercially proven in Estonia and Russia with the 

Kiviter process.   

For a 20,000 barrels per day commercial plant the cross section would have to be (20,000/38,5 x 1.4 

x 2.5) 1818 m2.  Stuart oil shale is richer (100 l/t / 90% yield wrt MFA) than Julia Creek Shale at 

74 ltOM, so such Paraho retorts at Julia creek would need a further 50% of retort cross section 

(100/90% / 74) or 2730 m2.  Roughly six of the QER’s conceptual retorts pictured above would be 

required.   
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5 FUSHUN PROCESS 

5.1.1 Process Licensor 

Given that the Fushun Oil Shale Retorting Process is used extensively throughout China there may 

be several Design Institutes which can offer this technology.  As a starting point contact with one of 

the leading oil shale processors would be a good starting point, namely: 

Fushun Mining Group Co. Ltd. 

25 Central Street, Xinfu District,  

Fushun, Liaoning Province, China Postcode:113008 

Tel: (86)0413-2533889     FAX:(86)0413-2532267 

Website:  http://english.fkjt.com.cn/lxwm.aspx 

 

5.2 Process Description 

The Fushun retort is a vertical refractory 

lined steel cylinder divided into two 

sections – an upper pyrolysis section 

and a lower “gasification”/ carbon 

combustion section (WI1, QW1).  Fresh 

crushed oil shale, sized to +10mm/-

75mm, is fed through a rotary feeder and 

distributed across the top cross section 

of the retort.  The solids descend against 

a counter-current rising stream of hot 

gases.  The shale is first dried and then 

pyrolysed as its temperature is increased 

to around 500 ºC.  Water vapour and the 

oil and gaseous pyrolysis products are 

entrained by the rising gas stream and 

exit through the gas gathering cone at 

the top of the retort.   

The retorted shale then continues its 

descent into the lower section of the retort where the residual carbon left over from pyrolysis is 

combusted/“gasified” by air and steam which are supplied to the base of the retort.  At the very 

bottom of the retort the residual shale is finally quenched and removed through a shale ash trough.  It 
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would appear that the steam generated by quenching the shale at the base of the retort is retained 

within the retort and mixes with the combustion air delivered through the central tuyere.  The rate of 

air addition not only controls the temperature profile of the residual shale in the lower section but also 

the temperature of the heated gases rising into the upper section.  These hot combustion gases are 

mixed with preheated recycle gas that is delivered to the middle section of the retort. 

The gases leaving the top of the retort thus consist of the evaporated moisture, the oil and gaseous 

products of pyrolysis, the recycled gas supplied at mid height and the combustion gases from the 

lower section of the retort.  This gas stream is cooled in a condensation system to collect the shale oil 

along with the shale moisture and condensed quench steam.  The non-condensable gases are split 

into three streams – (a) a portion is returned to the middle section of the retort via a recuperator 

reheating system which elevates the recycle gas temperature to between 500 and 700 ºC, (b) the fuel 

gas stream which is used to, in parallel, heat up the recuperator by combustion with air to around 

1000 ºC on a cyclic basis, and (c) the excess which is used elsewhere as a fuel gas.   

Fushun retorts are commonly arranged in banks of 20 units serviced by a number of recuperators 

such that there is always a recuperator available for recycle gas reheating.  The LH photograph 

suggests each bank of Fushun retorts is provided with 3 recuperators (LY1).  The 20 units are also 

serviced by the one condensation system, which consists of a collecting tube, followed by a washing 

tower, then a gas blower and finally a cooling tower.  The RH photograph illustrates this design 

attribute (LY1). 

A typical retort has an internal diameter of 3m and a shale bed height of 10m.  Each retort processes 

about 4 to 8 tonnes of oil shale per hour or nominally 100 t/d to 200 t/d.  The oil yield is around 65% of 

Fischer Assay which for Fushun oil shale is rather low at 6.5%(WI1, WI2),  
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5.3 Process Development 

The Fushun oil shale retort has really only been applied in China.  Extraction of shale oil using this 

retort design began in China in 1926 when under Japanese occupation.  The first “Refinery No.1” 

commercial scale operation commenced in Fushun, Manchuria, in 1930, utilising a number of parallel 

Fushun retorts.  The industry grew but then shale oil production ceased directly after World War II.  

By 1949, however, some 100 Fushun type retorts had been recommissioned and at the end of 1950 

there were a total of 266 retorts in operation.  In 1954 Refinery No.2 was commissioned and by 1959 

the maximum annual shale oil production had reached 780,000 tonnes.  In 1961 one third of China’s 

total oil production was sourced from oil shale.   

By 1965 the production of shale oil had started to 

decline once more with the discovery of crude oil at 

the Daqing oilfields.  Suffice to say by this date the 

Fushun retort design and associated gas handling 

plant had been improved and refined into a modular 

20 unit configuration (WI2).  By the mid-eighties 

SINOPEC Ltd, the operator of the oil shale 

processing facilities in the Fushun region, had shut 

down all oil shale retorting plant.  But, towards 1990 

the Fushun Mining Group had sort approval to start a 

new oil shale industry in addition to its very large coal 

mining activities.  The Fushun Mining company 

operates two of the largest open cut coal mines in the 

world and as the oil shale resource overlies the 

deeper coal the cost of shale delivery is minimal 

which makes oil shale processing very competitive.   

Efforts have been made to overcome the limited 

throughput capacity of the 100 t/d Fushun design, as 

illustrated in the adjacent sketch.  Designs with unit 

capacities between 300 and 600 t/d are being trialled 

in the Gansu Province of Western China with 

reported yields greater than 80% of Fischer Assay.  

These larger retorts are square in cross section but 

apply the same principle of operation as the standard 

100 t/d Fushun Retort (LQ1).  There is a close 

resemplence to the Lurgi Spuelgas retort for carbonising coal. 
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5.4 Commercial Operation 

Li and Qian have summarised the current 

status of oil shale processing in China (LQ1).  

By 2010 they forecasted that China would 

be producing about 600,000 tonne of shale 

oil – equivalent to 4 million barrels.  Much of 

the oil shale processing is carried out in the 

Fushun district of the Liaoning province of 

north east corner of the country (see map).  

By the end of 2008 the Fushun Mining 

Group was operating the largest oil shale 

processing plant in the world consisting of 

eleven banks of 20 retorts each, totalling 

220 Fushun type retorts.  Annual oil shale 

processing capacity is in the order of 10 million t/yr producing some 350,000 t/y of shale oil.  The 

shale oil is not currently refined but marketed largely as a fuel oil, although plans are being developed 

to upgrade shale oil to gasoline, diesel and other chemicals.  The Fushun Mining Group has also 

recently commissioned a 250 t/h Taciuk ATP processor to utilize the fine shale which the Fushun type 

retort cannot process (WI3).  FMG also plans to invest in Changpo oil shale, Hainan province, with 80 

retorts producing 100,000 t/yr of shale oil.   

In 1963, in the Guandong Province, a new oil shale plant with 64 retorts was put into operation by the 

Maoming Petrochemical Company, a subsidiary of Sinopec.  In parallel 48 gas combustion retorts 

were also built, giving the total complex an annual oil capacity of 180,000 tonnes per annum..  

Maoming shale is slightly richer at 7% Fischer Assay.  The industry was shut down in 1990, but the 

Guandong authorities have since commissioned a 65 t/h circulating fluidized bed boiler in Suiyuan.  

Plans are underway to build a 420 MW power station using fluidized bed combustion technology. 

The Longkou Coal Mining Company in the Shandong Province recently built 20 Fushun retorts in one 

block which produces 60,000 t/yr of shale oil.  As the plant is near the sea the shale oil is directly sold 

as marine fuel oil.  Plans are in place to add a further 20 modified Fushun retorts.  Oil shale mining is 

a byproduct of open cut lignite mining and the shale is the richest in China at 12% Fischer Assay.  

Consideration is being given to utilize the Galoter technology from Estonia to process the shale fines 

which the Fushun retorts cannot handle.   

At Yaojie in the Gansu Province of Western China, a square sectioned coal retorting process (see 

diagram above) has been adopted for oil shale processing and 8 units are now in operation with a 

600 t/d capacity and a recovery claim in excess of 80% of Fischer Assay.  There are other plants in 

the Jilin Provence with modified Fushun retorts with claimed capacity of 300 t/d oil shale feed.  

Nevertheless, the design still limits feed size to +8mm/-60mm.  Given that China is a country with 

limited supplies of indigenous crude oil but substantial resources of oil shale it would be expected that 

the country’s shale oil production industry would flourish in the coming years. 
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5.5 Advantages/Disadvantages 

The Fushun retort is the simplest form of “Directly Heated” vertical retort and has similar qualities to 

the Petrosix, Paraho and Kiviter processes.  Some of the key features are as follows: 

5.5.1 Advantages 

 The Fushun oil shale retorting process has been applied at a significant industrial scale in 

numerous plants in China.   

 Coupling retorts into blocks of 20 units with common gas handling systems as well as feed 

and spent shale handling improves the plant economics. 

 Shale can be tested by the FMG group in China to assess the suitability and expected 

performance in the Fushun retort.  Interestingly in May 2010 Boss Energy Limited (now 

Boss Resources Limited), a West Australian mining company, sent a 500 kg sample of 

Tasmanite from the Latrobe oil shale deposit in Tasmania for detailed testing (BR1). 

5.5.2 Disadvantages 

 Like all vertical retorts, the Fushun retort requires a nodular feed sized between 8 to 10 mm 

and 60 to 75 mm.  This means all the fines generated during mining, crushing and 

screening have to be discarded or processed in a different oil shale retort that accepts a 

fine shale feed. 

 Reported yield compared with Fischer Assay is poor at 65%.  This could be partly due to 

the design of the downstream condensation system.  Recent plants claim yields in excess 

of 80%. 

 The by-product excess retort gas is diluted by the combustion products from lower 

“gasification”/combustion section of the retort.  Expected calorific value is in the range of 

100 Btu/scf or 2.8 MJ/m3.  Much of this gas will be used to heat the recuperators.  The 

process is therefore better suited to high Fischer Assay oil shales. 

5.6 Applicability to Julia Creek Oil Shale 

Julia Creek oil shale could be processed in a Fushun type retort although the poor grade of shale will 

limit the usability of the low calorific fuel gas.  Again the inability of vertical retorts to process fine 

shale <8 to 10mm is a strong disadvantage. 

A 300 t/d Modified Fushun retort processing 3wt% moisture Julia Creek shale at an oil yield of 80% of 

MFA (7.1 wt%db oil with SG 0.962) would nominally produce 108 bbls/day of oil.  Thus 10 banks of 

20 retorts would be required to produce 20,000 bbl/day of crude shale oil.  Such a plant would be 

bigger than the oil shale capacity of the Fushun Mining Group’s Fushun retorts in the Liaoning 

Province of North east China.   
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6 KIVITER PROCESS 

6.1 Process Licensor 

Viru Keemia Grupp AS operates a number of “Kiviter” retorts at its Kohtla-Järve oil plant in north east 

Estonia, the largest of which can process about 40 t/hr of feed oil shale.  Due to the significant 

improvements made with the fine grain “Galatoer” process, there is essentially no interest in further 

construction of the Kiviter retorts for large scale shale oil production.   

Contact can nevertheless be made with the responsible arm of VKG, notably: 

VKG Oil AS     Tel: +372 334 2700 

14 Järveküla tee,     Info: +372 334 2701 

30328 Kohtla-Järve,    Fax: +372 337 5044 

Estonia     E-mail: info@vkg.ee 

6.2 Process Description 

The Kiviter retort consists of a vertical steel cylinder containing 

specifically arranged refractory to achieve gravity down flow of 

nodular shale and cross flow of hot retort gases.  Various 

configurations have been trialled over the decades of retorting in 

Estonia, with the modern version being depicted in the adjacent 

figure.  Fresh shale sized between 25mm and 125mm is 

separately delivered to two 1.0 – 1.5 m wide shafts contained 

between an inner refractory wall and an outer hanging metal 

grate, both of which are perforated to allow retorting gases to 

pass from the hot inner side to the cooler outer side.   

Hot gas is delivered by four burners arranged at 90 degrees on 

the side of the cylinder wall in such a manner that two deliver hot 

gas to the central brick lined chamber for retorting the top half of 

the bed of shale and the second pair supply further hot gas 

through a perforated refractory wall for final retorting of the oil 

shale further down the bed.  The resultant second gas flow 

together with its pyrolysis products join the discharging upper 

gas flow behind the perforated metal curtain and leave via the 

two outer connections.   

Additional cooled recycle gas is delivered to the bottom half of the retort to rise through the retorted 

shale and cool it before it is discharged from the base of the retort.  The resultant reheated recycle 
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gas is allowed to mix with hot gases from the lower pair of burners and thereby encourage flushing of 

the oil and gases derived from the thermally cracked kerogen.  Collectively all gases and retort 

products leave via the two top outlets.  The gas streams are combined, cooled and shale oil is 

condensed and collected, along with water that has entered with the feed shale or been generated by 

the pyrolysis process,  The non-condensable gas is recycled to the 4 burners, and to the base of the 

retort, with any excess being used for power or utility steam production elsewhere.   

Currently the GGS-6 version of the Kiviter retorting process is designed for 900 – 1000 tons of fresh 

Estonian oil shale per day per retort.  As Estonian oil shale is fairly rich in kerogen the gas yield is 

sufficiently high in calorific value (3.5 – 3.8 MJ/m3) to achieve a hot retorting gas delivery temperature 

of 750 – 950 ºC from each of the four burners.  The two gas streams leave the top of the retort at 

around 150 – 250 ºC.  Oil yield relative to Fischer Assay is quoted at 74 – 78 %(SD1). 

6.3 Process Development 

The concept of the Kiviter oil shale retorting process began in 1921 and by 1926 six 33t/d vertical 

retorts based on a design developed originally by J.Pintsch AG were put into operation.  These units 

were referred to as GGS-1 and by 1987 the progressive development had reached the GGS-6 stage 

with a unit capacity of 1,000 t/d (VY1).  However, Estonian kukersite oil shale has a number of 

challenging properties for thermal retorting and the Kiviter process has evolved over time to optimise 

the process and to manage these unusual characteristics.  The shale has a strong tendency to caking 

under slow heating conditions through 350 – 400 ºC.  The shale has a high moisture content (8 – 

10%) and a low mechanical and thermal strength.  It also has a high content of carbonates (40 – 

50%), the decomposition of which can consume some 20% of the total 

heat required for the semi-coking process (VY1). 

In an effort to overcome some of the deficiencies of the design of the 

Kiviter retort, trials were performed on one of the Kohta-Järve GGS-5 

Plant retorts which had been modified to a concentric arrangement (See 

adjacent diagram).  Hot retort gases were delivered from an outer annulus 

through a perforated refractory wall and radially across the descending 

lump oil shale and the resultant cooled gas plus retort products then 

entered a central core through another perforated wall and ultimate 

removal by a single discharge connection.  Five Slantsy retorts in the 

Leningrad region of Russia and one of the eight at Kiviõli were modified in 

this way.  Due to the increased relative volume of the carbonisation zone 

throughput was increased from 160 – 180 tons per day to 250 – 300 tons 

per day.  Thermal efficiency also was improved and as was the oil 

recovery with respect to Fischer Assay (SD1). 
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In 1988 the construction of four 1,500 t/day GGS-7 units were commenced at Kiviõli, based upon this 

annulus arrangement.  A number of improvements were expected from this design but a lack of 

finance brought construction to a halt in 1991-92 and in 1997 the half built units were dismantled.  

Experiments with the modified GGS-5 units showed that the kerogen rich Estonian shales caused the 

inner cylindrical metal grate to rapidly block with thermo-bitumen which in turn necessitated frequent 

stoppages for cleaning.  It is suggested that oil shales with Fisher Assays measuring less than 15% 

may better suit a continuous operation of this advanced GGS-7 design of the Kiviter retort.  Plant 

capacities as high as 5,000 – 6,000 tons per day processing lean oil shales might be possible (VY1).  

The following photograph depicts the Kiviõli plant site (JA1) and it could be suggested that 

environmental pressures associated with the multiple plant units dating back many decades and the 

enormous spent shale dump in the background may have also been a determinant in the 

discontinuation of the GGS-7 project.  

 

Note also that since 1991, a 150 t/day Kiviter retort based upon this “con-chamber” design has been 

in operation in the Maoming Petroleum Chemical Company works in China.   
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6.4 Commercial Operation 

Oil shale has been commercially retorted in Estonia since the mid 1920s.  Yerfimov has provided a 

comprehensive summary of the history of Oil Shale Processing in Estonia and Russia(VY1).  Veski has 

also tabled the performance of the various retorts which have been commercially applied in Estonia 

between 1921 and 2002(RV1).   

In terms of a commercial “Kiviter” retort, the three GGS-6 units with a shale throughput of 1000 t/d 

and retort configuration as described under Section 6.3 above, achieved commercial operation in the 

1980s.  The outer diameter was 9.6 metres and the height 21 metres.  The overall height including 

the oil shale bin was 35 metres.  As noted above, the performance depended very much on the 

kerogen content of the fresh shale.  As yet proof of concept of the concentric retort design has still to 

be achieved before it can be seen as a commercial design. The potential for large scale units of 5,000 

– 6,000 tons per day is being considered although some of the disadvantages of the process may 

hinder further utilisation of the technology. 

 

Photograph of the Kiviõli plant which is rumoured to be running out of feed shale.  The owner is trying 

to sell the complete works for Euro 63 million(ER1). 

To summarise, many of the earlier Kiviter retorts have been shut down or superceded by more 

advanced higher throughput fine grained oil shale retorting processes.  The last GGS-6 and smaller 

GGS-5 units were built more than 20 years ago, and more specifically only for Estonian shale or the 

resource as it extends further east into the former USSR. 



  

XTRACT OIL LIMITED 

OIL SHALE RETORT PROCESSES 

A REVIEW 

201010-00189 Rev B Page 33 :: 10th October 2011 

6.5 Advantages/Disadvantages 

6.5.1 Advantages 

 The Kiviter process has been optimised for the processing of kerogen rich high limestone 

Estonian kukersite oil shale.   

 Unit capacities in the range of 1,000 tons per day are in operation with potential to go to 

5,000 tons per day or more.  

 The concentric design of retort offers some potential for process improvement  

6.5.2 Disadvantages 

 This vertical retort requires a feed size range between 25mm and 125 mm.  This means 

that the Kiviter Retort cannot process the sub 25mm fines which will be produced during 

mining, crushing, transport or screening.  It would appear there is no way of overcoming 

this disadvantage other than using a parallel retort for processing the fines, or, as it is done 

in Estonia, burning the fines in an adjacent power plant.. 

 Fischer Assay yield is around 80% which is on the low side relative to other retorting 

processes. 

 Use is not made of the residual carbon left on the spent shale.  The lower half of the retort 

just cools the spent shale to 150 ºC without combusting the carbon.  Due to flow patterns of 

the shale through the retort some lumps may pass through the retort without being fully 

carbonised, and the residual shale can show unacceptable environmental properties.  Total 

organic carbon (TOC) levels can be as high as 14% and residual carbon as high as 9 -

11%.  Land fill disposal of such material is not acceptable under European standards.  

Shale leachability is also unacceptable (SR1). 

 Oil shale low in kerogen may prove difficult to process because the calorific value of the 

resultant recycle gas may be insufficient to achieve the desired burner temperatures for 

retorting.  At 0.8 – 1.2 MJ/m3 operation would be impossible (SD1). 

 Process experience in Estonia indicates that about 1 m3 of water is required per ton of 

fresh shale processed.   

6.6 Applicability to Julia Creek Oil Shale 

Estonian kukersite oil shale has Fischer Assay levels of around 22 wt% and the Kiviter process has 

been optimised on such rich shales.  Julia Creek Oil Shale is significantly lower at around 7 wt% so it 

would be necessary to carry out comprehensive research tests to verify the applicability of the 

process.   
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There are several reasons why the Kiviter process would not be suitable for applying to the retorting 

of Julia Creek oil shale. 

 The limitation on feed size to +25mm/-125mm would mean a significant porting of the 

mined oil shale could not be processed. 

 The spent shale would not be acceptable if returned to the mine as it would not be benign 

to the environment.  

 Lean shales, such as Julia Creek oil shale, may not yield a high enough calorific value 

recycle gas for process heating. 

 Water demand by the process is relatively high, and at Julia Creek water is not readily 

available. 

The 1000 t/d size Kiviter retort processing 3wt% moisture Julia Creek shale at an oil yield of 80% of 

MFA (7.1 wt%db oil with SG 0.962) would nominally produce 333 bbls/day of oil.  Thus a minimum of 

60 GGS-6 size Kiviter retorts would be required to produce 20,000 bbl/day of crude shale oil.   
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7 TACIUK PROCESS 

7.1.1 Process Licensor 

UMATAC Industrial Processes is the developer and supplier of the Alberta Taciuk Processor (ATP) 

for extraction, recovery, and primary upgrading of hydrocarbons from oil shale, oil sand, and 

hydrocarbon waste materials.  UMATAC was once a division of the large Canadian engineering 

group, AECOM(UM1), but late in 2010, UMATAC was taken over by Polysius, a Thyssen Krupp 

Technologies Group Company(OG1).  UMATAC’s main offices are located in Calgary, Canada, at: 

 Suite 110, 6835 Railway St. SE 

 Calgary, AB, Canada T2H 2V6 

 Telephone: +1 403.910.1000 

Polysius AG is based in Beckum, Germany and employs over 2000 people worldwide primarily in the 

business of designing and supplying cement and mineral processing plants.  Polysius has extensive 

experience in designing and building rotary kilns.  Polysius’ parent company, ThyssenKrupp, is 

headquartered in Essen, Germany, and is a diversified industrial group with around 180,000 

employees in over 80 countries.  In fiscal year 2009/2010 ThyssenKrupp generated sales of more 

than !42 billion. 

UMATAC Industrial Processes Inc. licenses the use of the ATP Technology, which includes 

developing custom specifications, technical details, engineering, and supply of proprietary equipment 

as well as technical support for start-up and operation.  UMATAC is able to offer customers an 

extensive range of oil shale test facilities at its Research and Development centre in Calgary(UM6), 

including:  

  Modified Fischer Assay (MFA) of batch samples 

  A batch laboratory retort to process 2.5 kg samples and determine pyrolysis yield sensitivity, 

drying performance and spent shale combustion characteristics. 

  A continuous 100 kg/h for intermediate large sample testing  

  A 5 t/h Pilot Plant to demonstrate process performance and establish commercial plant 

design parameters.  Dubbed the “ATP60” because it produces about 60 bbl/day of oil from 5 

t/h of oil sand, this unit is skid mounted so that it can be transported to site (UM2). 
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7.2 Process Description 

As illustrated in the following diagram of the Alberta Taciuk Processor installed for the Stuart Project 

near Gladstone on the central Queensland coast, the prepared oil shale is subject to three stages of 

treatment to efficiently recover hydrocarbon gases and liquids from the oil shale (SP1).   

 

Feed shale preparation involves upstream crushing of the mined oil shale to a diameter nominally 

less than 10 mm, and then a predrying step should the moisture content of the feed shale impose too 

high a heat load on the processor. 

1. The fresh shale is fed at the right hand end of the rotating kiln and as it is moved left through 

the preheat tubes of the Pre-Heating Zone its temperature is increased to approximately 

250ºC by indirect heat transfer from the hot spent shale as it is moved to the right towards the 

processed oil shale discharge. 

2. The preheated shale is then transferred to the Reaction Zone of the retort where it is heated 

to 500 - 550 ºC, again by indirect heat transfer from hot spent shale.  At this temperature the 

kerogen in the shale decomposes into gases and hydrocarbon vapour which discharge left 

through the central vapour tube and a retorted shale residue.   

3. The retorted shale residue is fed via the helical transfer pipe to the Combustion Zone where 

the residual carbon left on shale residue is combusted with air and the solids temperature 

rises to around 750 ºC.   The solid and gaseous products of combustion are then moved back 

along the annulus of the rotating processor between the external shell and the inner retorting 

core and preheater tubes, in effect, providing a counter-current flow for heat transfer to the 

incoming material. 

The gas and hydrocarbon vapours leaving via the vapour tube are condensed and then distilled into 

raw naphtha and medium shale oil.  There is also a heavy oil product which may be recycled back to 

the retort zone for further cracking into additional medium oil product.  Lighter non-condensed 

hydrocarbon gases are used as fuel in either on-site power generation or fresh oil shale predrying. 

To minimise the environmental impact, the residual spent shale is typically returned to the mine, 

covered with the original, previously stored overburden and landscaped to blend in with existing 

countryside.  A clay lining in the mine may be used to guard against any leakage of spent shale 

leachates into the ground water supply. 
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In summary, the Alberta Taciuk Processor is an indirectly heated horizonal rotating kiln retort which 

preheats, retorts and combusts the residual carbon left on the spent shale and then in a counter 

current mode recovers much of the sensible heat of the resultant gases and solids to effect the 

retorting and preheating of the fresh shale.   A typical Overall Flow Scheme is as follows(UM2):   

 
7.3 Process Development 

The Alberta Taciuk Process was first conceived in the mid 1970s and the Canadian state of Alberta 

through AOSTRA provided commercial support for the construction of a pilot plant in 1980 for test 

retorting oil sands and other feeds.  Oil shales were also tested including Queensland oil shales in 

mid 1980s.   

In 1989 UMATAC built and supplied the first commercial 10 t/h ATP plant to Soiltech ATP Systems for 

use in environmental clean-up projects treating waste materials.   This plant ceased operation in 1997 

due to a lack of funding via the US EPA Superfund Program. 

In 1996 Suncorp Energy Inc. joined the Australian Oil Shale Project, later called the Stuart Energy 

Development Pty (SED) Project, and announced the construction of a 6,000 t/d (4,500 bbl/day) oil 

shale plant.  The plant was commissioned in 2000 and operated intermittently till 2004.    

The Fushun Mining Group (FMG) from China had 100 tonnes of Fushun shale tested ATP60 pilot 

plant in 2005, and the design of a commercial 230 t/h retort was commenced early in 2006(UM3, UM5).  

Various delays in design, supply and other commitments meant that only recently has the plant 

completed its hot commissioning phase.    
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More recently the English based Jordan Energy & Mining Company Limited (JMEL) arranged for large 

samples of El-Laijun shale to be tested by UMATAC in Calgary and consideration is being given to 

the design and construction of a 500 t/h ATP retort. 

The ATP Processor is a long and large diameter rotary kiln.  With increase in capacity it is now 

approaching the largest physical limit possible in terms of design, operation and fabrication.  As can 

be seen from the comparative sizes of the various ATP retort considered to date (UM5) the support tyre 

for the proposed Jordanian plant is 15.5 metres in diameter.  Fabrication as a single piece and 

transport to site would be a large challenge. 

 

 

7.4 Commercial Operation 

In terms of oil shale retorting the Stuart Demonstration Plant was the first large scale operation for the 

ATP Taciuk Processor (SP1).  More recently the plant built in China at the Fushun Mining Group oil 

shale processing works was of similar size and capacity (UM5).  The larger Jordanian plant is only 

conceptual and it has yet to prove it is at a commercial status.  The following provides some insight 

into these plants. 
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7.4.1 Taciuk Processor in Gladstone, Queensland 

The Stuart Energy Demonstration Plant was the first large scale ATP with a rated throughput capacity 

of 6000 t/d of feed shale, producing 4500 bbl/d of oil.  The purpose of the Stuart Energy R&D project 

was to demonstrate and prove the ATP technology for oil shale processing, as the basis for a larger 

plant to be built at a commercial scale(SP1).  During the course of the demonstration program, the 

Stuart plant processed 2.6 million tonnes of shale and produced 1.65 million barrels of saleable 

product oils.  The hydrotreated naphtha product was of very high quality with less than 1 ppm sulphur 

and less than 4 ppm nitrogen.  For various reasons - technical, environmental and financial - the 

Stuart Project was discontinued and the demonstration plant has been dismantled.   

 

 

250 t/h ATP Processor in Gladstone, Australia(UM5) 
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7.4.2 Taciuk Processor at FMG, China 

The Fushun Mining Group (FMG) is famous in China for its West Open Pit coal mine - one of the 

largest mines in the world - 6 km long x 2.2 km wide x 500 m deep.  Coal production is 7 million 

tonnes/year.  Substantial reserves of oil shale lie above the coal and therefore have to be mined 

as overburden.  FMG currently produces oil from a portion of this oil shale using Fushun types of 

lump shale retorts so the fines have to be discarded. 

 

230 t/h ATP Processor in Fushun, China 

In 2004, FMG shipped 100 tonnes of oil shale to UMATAC for testing in UMATAC’s pilot plant 

and laboratory facilities in Calgary.  Design and construction of the first FMG ATP plant 

commenced in early 2006 and was completed in 2010. The facility has a rated oil shale 

processing capacity of 1,750,000 tonnes/year and is designed to produce 108,000 tonnes/year of 

product hydrocarbons (UM2, UM3, UM4). 
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7.4.3 Taciuk Plant for Jordan  

Karak International Oil (KIO), the Jordanian based subsidiary of the UK explorer, Jordan Energy 

and Mining Limited (JEML), is considering retorting Al Lajjun oil shale using Taciuk ATP 

technology.  UMATAC completed sufficient ATP60 pilot testing to allow JEML to complete an 

ATP System feasibility study in 2009/2010 and then begin preliminary engineering design of twin 

500 t/h ATP Processor trains.  The commercial size kiln dimensions will be shell diameter 11.5 

metre, length 76 metre and tyre diameter 15.5 m.  Shale oil shale upgrading and power 

generation will form part of the project.  Pilot plant hydrotreating tests have been completed by 

two licensors and product quality options (Synthetic Crude Oil or finished transport fuels) were 

produced.  Excess retort gas will be utilised in a gas turbine power plant to supply the electric 

power for the complex(UM2, UM5, KI1). 

Progress with the KIO Project will determine the true commercial status of the Taciuk process at 

the 500 t/hr train size.  The performance of the Fushun will confirm the 230 t/hr design.  .   

7.5 Advantages/Disadvantages 

7.5.1 Advantages 

 The Taziuk rotary kiln ATP Processor is designed to handle finely sized ore <10mm and 

thus accept the entire fresh shale supply from the mine. 

 Single train capacity has been proven at 250 t/hr of feed shale, and Taziuk predict a 

capability of 750 t/hr in the near future. 

 The oil vapours and retort product gases are not diluted by shale combustion gases so the 

condensation train is smaller and the resultant non-condensable fuel gas has a high 

calorific value. 

 Oil yields of C4+ are in excess of 90% of the Modified Fischer Assay (MFA) yield 

 The carbon remaining on the retorted spent shale is combusted to provide the heat 

required to preheat and pyrolyse the oil shale.  Combustion gases are isolated from the 

retort products.  Sensible heat of both the gases and solids post combustion is utilised to a 

large extent in the retorting of the shale. 

 The recent acquisition of the UMATAC technology by Polysius brings with it the wealth of 

rotary kiln experience in design, construction and operation that Polysius has acquired over 

decades. 
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7.5.2 Disadvantages 

 Heat transfer to the feed shale and for pyrolysis is indirect which means the rate of heat 

transfer and the heat transfer coefficient is much lower than other fine grain technologies. 

 Oil vapours and retort gases must pass through the central vapour pipe which is located in 

the middle of the combustion zone.  Excessive heat transfer through the vapour pipe wall 

must be avoided to eliminate further cracking of the heavy oil fractions and potential 

polymerisation of the unsaturated compounds which, together with the entrained dust, may 

agglomerate on the inner surface of the vapour pipe. 

 Solids blockages of certain sections of the kiln may be difficult to clean and the Processor’s 

large thermal inertia and temperature gradient limitations may dictate both a lengthy shut 

down period and a long start-up time . 

 Gas sealing of the rotary kiln proved to be a challenge with the Stuart Project.  The 

proliferation of odours from the plant created strong criticism from the public.  This was 

particularly the case with the feed shale drier/preheater.   

 Limited capacity of the retort to handle oil shales containing high levels of moisture. 

 Experience with retorting Stuart oil shale highlighted several problem areas including, 

greater evidence of corrosion, possibility of oil polymerisation, centrifugal off-gas 

compressor was sensitive to gas composition.   

 Recovery of sensible heat from the solids and gases post combustion is only possible 

down to 400 ºC – thereafter post cooling has to be included to be able to effectively 

dispose of these waste materials to the environment.   

7.6 Applicability to Julia Creek Oil Shale 

Despite the mixed successes of the Taciuk ATP Processor retorting Stuart oil shale there are no firm 

reasons to believe the improvements made following these experiences would limit this technology 

being applied to Julia Creek oil shale.  Performance at the newer Taciuk retort being commissioned in 

Fushun in China will provide key information on throughput, yield and environmental impact.   

The Fushun ATP design at 230 t/h processing 3wt% moisture Julia Creek oil shale at an oil yield of 

90% of MFA (7.1 wt%db oil with SG 0.962) would nominally produce 2240 bbls/day of unrefined shale 

oil.  Thus a minimum of 9 Taziuk retorts at this capacity would be required to produce 20,000 bbl/day 

of crude shale oil.  At the 500 t/hr ATP Processor design being considered for Jordan a little over 4 

such units would be required,   
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8 GALOTER PROCESS - ENEFIT 

8.1 Process Licensor 

The modern Enefit280 version of the “Galoter” process can be licenced from Enefit Outotec 

Technology, the Eesti Energia AS – Outotec Joint Venture.  The key points of contact are: 

Inrek Aarna,  Head of R&D Department, Eesti Energia AS, Laki 24, 12915 Tallinn, Estonia 

   Tel: +37 2715 2301 Email: Indrek.Aarna@energia.ee 

Dr Andreas Orth VP, Metals Processing, Energy, Outotec GmbH, Ludwig-Erhard-Strasse,  

   D-61440 Oberursel, Germany 

   Tel: +49 6171 96930 Email: Andreas.Orth@outotec.com 

8.2 Process Description 

The Galoter process makes use of hot recycled solids to provide the heat needed to pyrolyse the 

kerogen present with the feed oil shale.  It is also designed to accept fine grain material and thus 

process the entire oil shale supply from the mine, as distinct from the lump ore processes described 

above.  The following diagram illustrates the three key process steps of the Galoter process (IP1).   
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After the feed oil shale is crushed in hammer mills to minus 25 mm it is dried in an “aerofountain”  

dryer (7) (a type of fast fluid bed).  At the same time the feed shale is preheated to 135 ºC which 

reduces the thermal load on the downstream retorting step.  The dried shale is premixed with hot 

recycle spent shale (13) and delivered into a sealed rotary kiln (14) where the kerogen is thermally 

cracked to oil, gas and carbon at around 520 ºC.  The spent oil shale is separated from the retort 

gases (15) and the residual carbon left from the retorting processes is burnt with air in an 

“aerofountain” combustor (17).  A large portion of the resultant hot ash is recycled (19) at 800 ºC to 

the retorting section for pre-mixing with the pre-dried feed shale.  The ratio of hot ash to dried feed 

shale is typically 2.8 to 3.1.  Gas and oil vapours generated in the pyrolysis process are stripped of 

entrained dust by multistage cyclones (15) and directed to a condensation system for separation into 

shale oil and a fuel gas.  That portion of the combusted spent shale that is not recycled is cooled (28) 

and removed for disposal using water (29).  The cleaned hot gases from the combustion system pass 

through a waste heat boiler and are then delivered to the oil shale drier/preheater, before being 

discharged to atmosphere via an electrostatic precipitator.  Golubev provides a more detailed process 

description of a plant in operation (NG1).  The oil condensation system is described in greater detail by 

Kaidalov, et al. (KK1). 

In terms of process performance the Galoter Process has a high chemical efficiency around 85%.  

It utilises the thermal energy available in the residual carbon to provide the energy for retorting.  

Oil yield reaches around 85% - 90% of Fischer Assay.  The products of spent shale combustion are 

kept separate from the oil rich retort gases so the resultant fuel gas after oil condensation has a high 

calorific value in the order of 42 MJ/kg.  Residual carbon left on the combusted spent shale is 1% or 

less of Total Organic Carbon (TOC) (IP1). 

8.3 Process Development 

The concept of using a hot solid heat carrier for semi-coking (pyrolysis) of brown coals, peats and oil 

shale is said to have begun in 1944 at the G.M.Krzhizhanovski Power Engineering Institute of the 

Academy of Science of the USSR under the direction of Dr I Galinker.  The term “Galoter” is a 

contraction of Galinker’s name and the Russian term for “thermal” (WK1, VS1).  Shortly thereafter the 

Texas Oil company proposed a variation using the recycle of hot ceramic balls – the Tosco-II process.  

In the early 1950s Lurgi commercialised the “Lurgi-Ruhrgas” or LR process, a variation of hot recycle 

solids using a double screw mixed in lieu of the rotary kiln.  Activities today on the Tosco-II process 

and the LR process appear to be at a standstill. 

The first Galoter pilot plant was commissioned in Estonia in1947 with a 2.5 t/day capacity.  Between 

1953 and 1963 a 200 t/d unit (termed SHC-200 where SHC stands for Solid Heat Carrier) was 

successfully operated at OSCP Kiviõli.  A larger SHC-500 unit operated also at Kiviõli between 1963 

and 1981.  In 1980 two Galoter plants were commissioned at the Narva Oil Factory which is today a 

subsidiary of the Estonian energy company, Eesti Energia (WI1).  The design is termed SHC-3000 

referring to its 3000 t/d feed shale capacity.  Elsewhere it is also referred to as the UTT-3000, where 

“UTT” refers in Russian to “solid heat carrier”.  Performance in terms of plant availability was poor 

during the first few years of operation but after substantial efforts at improvement over the last 20 
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years has improved capacity from 20% to 81% of design by 2009.  Reliability of operation had also 

been increased to 70% availability by 2001 (NG1).  Following these many process improvements Eesti 

Energia renamed the UTT-3000 retorting process Enefit140, representing a nominal 140 t/h feed 

shale capacity, and in a final stage of development two new Enefit140 units have been built at Narva, 

as described below. 

8.4 Commercial Operation - Narva Oil Factory 

Given the considerable effort in improving the performance and modernizing a substantial portion of 

the process equipment, the two SHC-3000 units at the Narva Oil Factory could be viewed as 

commercial.  The following photographs show the structure housing the twin retort trains (JP1, IP1). 

 

Plant capacity is rated 3000 t/d per unit which equates to 125 t/h.  Currently the Narva Oil factory 

produces 1.3 million barrels of oil per year.  However, the technology has now been superseded. 

8.5 Petroter Oil Plant 

Viru Keemia Grupp AS (VKG) operate a number of lump ore Kiviter retorts at its Kohtla-Järve plant in 

NE Estonia, the largest having a capacity of 40 t/h.  In 2007 the decision was made to copy the SHC-

3000 unit at Narva to process fine material.  Commissioning of the new “Petroter” oil plant was started 

in late 2009.  Atomenergoproject of St Petersburg provided the retort engineering and the oil 

condensation system was engineered by Rintekno of Finland.  Design processing capacity was 1.1 

million t/yr to annually produce 100,000 tonnes of shale oil, 30 million cubic metres of oil shale gas, 

and 150 GWh of steam(WK2).  The cost of the plant was 1.1 billion Kroons (approx.. !70 million)(AP1).   

VKG is now considering the construction of a second unit (AP1).   
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8.6 Enefit Plant Design 

In 2009 Eesti Energia AS formed the Enefit Outotec Technology Joint Venture with Outotec GmbH to 

combine the experience and technical knowhow of both companies for the further development and 

commercialization of the “Galoter” technology.  Whereas the twin Enefit140 retorts of the Petroter Oil 

Plant used a pneumatic lift pipe type of combustor, Outotec replaced it with its circulating fluid bed 

combustion design and hot shale cooler for the larger Enefit280 unit currently under construction at 

Narva.  Plant completion is expected in 2012.  This new unit is designed to process 2.26 million t/yr of 

oil shale to produce 1.8 million bbl/yr of oil, 75 million m3/yr of retort gas (HHV 46.8 MJ/Nm3) and 

35MWe from a steam turbine.  Process chemical efficiency is expected to exceed 80% and oil yield 

against Fischer Assay 103%.  Expected residual organic carbon left on the spent shale after 

combustion will be close to zero.   

The simplified flow scheme embracing the Outotec CFB technology and ash cooling system is as 

follows (AO1): 

 

Enefit Outotec Technology is actively pursuing projects in Jordan, China and the USA.  Specific oil 

shale testing and simulation facilities are available in Outotec’s Research and Development centre in 

Frankfurt, Germany.   
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8.7 Advantages/Disadvantages 

8.7.1 Advantages 

 Combined experience of Enefit and Outotec in oil shale processing and CFB combustion of 

low carbon materials will provide strong support behind process guarantees and effective 

plant construction. 

 Residual Total Organic Carbon (TOC) on the spent shale will be close to zero once it 

leaves the CFB combustion system, which will mean a much reduced impact on the spent 

shale dump environment. 

 The process accepts 100% of the freshly mined oil shale, and returns a more benign 

residual shale 

 Direct contact between hot solid recycle particles and fresh oil shale provides the most 

effective form of heat transfer for retorting the kerogen, as distinct from, for example, the 

Taciuk process which has to transfer the heat across an intervening steel wall.   

 Retort product vapours and gases are kept completely separate from the combustion 

gases.  The condensation system is thus smaller and the non-condensed fuel gas has a 

particularly good heating value.     

 Temperature of CFB combustion of residual carbon can be closely controlled and is 

relatively uniform so spurious temperature rises are minimised thus allowing better control 

of carbonate decomposition. 

 Oil yield versus Fischer Assay performance is quoted to reach up to 103%.  This is one of 

the highest of all oil shale retorting technologies.  Only the Lurgi LR process could achieve 

a better yield than this level.  The key is to remove the released oils from the retorting zone 

as quickly as possible to minimise further cracking of oil into gases. 

 Outotec’s experience with fluid bed cooling of excess hot solids will result in efficient 

utilisation of the waste sensible heat available.   

 The technology has been developed to process calcareous oil shales. 

8.7.2 Disadvantages 

 The process is more complicated than the Taciuk ATP process.  Start up will require 

careful management and plant upset or feed quality variation will need attention.  Feed 

blending may be necessary to stabilise plant operation. 

 With pneumatic lift drying and CFB combustion the process is rather power hungry.  Of the 

35 MWe generated with Enefit280 at least 15 MWe is required to drive the complete plant. 

 Water consumption is still high at 0.5 – 0.6 t per tonne of dry oil shale, though testwork is 

underway to halve that value. 



  

XTRACT OIL LIMITED 

OIL SHALE RETORT PROCESSES 

A REVIEW 

201010-00189 Rev B Page 49 :: 10th October 2011 

8.8 Applicability to Julia Creek Oil Shale 

The Enefit280 technology could be effectively applied to retorting Julia Creek oil shale.  With the 

financial support of the two large organisations behind the technology and the long standing 

experience that Outotec has in designing and building commercial plant around the world, this 

technology is probably the most “bankable”.   

An Enefit280 retort processing 3wt% moisture Julia Creek oil shale at an oil yield of 100% of MFA 

(7.1 wt%db oil with SG 0.962) would nominally produce 3000 bbls/day of unrefined shale oil.  Thus a 

minimum of 7 Enefit280 retorts would be required to produce 20,000 bbl/day of crude shale oil.   
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9 ECOSHALETM IN-CAPSULE PROCESS 

9.1 Process Licensor 

The EcoShaleTM In-Capsule Technology is a proprietary, patent pending technology of Red Leaf 

Resources, Inc., a privately held Delaware Corporation.  Contact details are as follows (ES1): 

Company:  Red Leaf Resources, Inc. 

Address:  200 W. Civil Center Dr., Suite 190 

Sandy, UT 84070, United States of America 

Telephone:  +1 801 878 8100 

Contacts: Todd Dana, Founder & Chairman & COO  (td@ecoshale.com) +1 801 641 3252 

Dr James Patten, President & CEO (jpatten@ecoshale.com)  Tel: +1 801 633 4635 

Matt Greene, CFO (mg@redleafinc.com) 

Dr Laura Nelson, VP Energy and Environment Development (ln@ecoshale.com) 

Red Leaf Resources has been in operation since December 2006.  It purports to be an innovative 

technology company focusing on unconventional fuels development.  Its major focus rests with 

commercialising the EcoShale In-Capsule Process. 

9.2 Process Description 

The process involves mining the shale and putting it in large clay lined ‘capsules’.  For commercial 

production the surface area of one capsule is approximately 12 acres with a depth generally less than 

100 feet.  As illustrated below in a schematic diagram of the first pilot plant, the shale is heated using 

natural gas in expendable heating pipe loops buried strategically in the encapsulated shale.  Natural 

gas is the preferred heating source as it has the lowest carbon foot print, although the shale gas 

produced during retorting may also be used.  Oil released from the raw shale will drain to the lower 

level of the heap where it is collected and piped to the edge of the heap.  Similarly the gases 

generated during retorting will rise to the top of the heap, where they are gathered by a gas collection 

system and piped to the same edge of the heap.  Once the shale is exhausted of its oil, ie drainage 

ceases, the pipes in the capsule are sealed to prevent water contamination and the whole mass is 

covered with top soil and seeded with native vegetation.  The bentonite clay liner will remain in situ as 

it is intended to protect the surface waters and local aquifers from any environmental effect caused by 

processing the encapsulated oil shale. 

Photographs and a description of the Red Leaf Pilot Plant were presented at the 29th Oil Shale 

Symposium at the Colorado School of Mines (EC3).  Pilot plant operation required 90 days to reach a 

peak operating temperature 710 ºF (367 ºC)  
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The cross section of the pilot plant showing the containment methodology (ES4). 
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Plans for the commercial design were presented at the Colorado Energy Forum in February 2011 
(EC4).  Instead of containing the capsule within a pit, the shale will be stored above ground in 

rectangular heaps some 500 ft x 1000 ft and an estimated 100 ft high.  The following schematic of an 

“Operational Capsule” shows the raw shale is still contained entirely within a layer of clay and 

overburden completely covers the heap, in such a way that the site is suitable for revegetation. 

 

 

 

Such a heap would contain approximately 1.4 million cubic metres of raw oil shale.  At a rubble 

density of 1.2 and a Fischer yield of 20 gpt, such a pile of raw oil shale would contain a resource of 

nearly 900,000 barrels of oil.   
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The shale heap is slowly heated by reticulation of hot gases from a series of burners along the side of 

the works.  Natural gas is used as the heat source but it is also possible to use the gases which result 

from retorting of the shale.  The arrangement of burners and pipework is depicted below. 

 

 

 
Pilot plant operation required 90 days to reach a peak operating temperature 710 ºF (367 ºC) (EC2).   
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9.3 Process Development 

Red Leaf Resources holds approximately 17,000 acres (~6,900 hectares) of “rich, surface mineable” 

oil shale in the Uitah Basin in the NE corner of the State of Utah.   It is not within land under Indian 

native control but located rather within the Utah State School Institutional Trust Lands property 

roughly 60 miles (~100 km) southeast of Vernal.   Shale quality contained within the first 60 feet 

(~18 metres) averages just below 20 gpt (~84 l/tonne).  Red Leaf’s leases are estimated to contain 

~1.5 billion barrels of in-place resource. 

Red Leaf Resources came into being some 5 years ago.  It’s first major activity has involved building 

a pilot plant on its oil shale leases to test the EcoShale In-Capsule concept.  The first results became 

available in November 2009 (EC2).  Initial oil was ~29 API gravity with about 65% paraffin + naptha, 

and about 12.6% hydrogen.  The condensate liquid was ~ 39 API gravity with 65% paraffin + naptha, 

and about 12.9% hydrogen.  Sulphur content was ~2,200 ppm and nitrogen content 1 – 1.2 wt%.   

The oil contained very little particulate matter.  No further results are available to assess retort 

performance against the bench mark Fischer-Assay yields.  

For the next step in commercializing the EcoShale process, Red Leaf plans to construct two, 30 year 

large scale production projects, each at 9,500 barrel-per-day, and a subsequent 30,000 barrel-per-

day commercial project, both located on its leased properties.   

9.4 Commercial Operation 

There are no commercial plants in operation.  The EcoShale process has only been pilot tested.  

Plans are under way to build a 9,500 BSD Demonstration unit followed by a commercial 30,000 BPD 

plant thereafter. 

9.5 Advantages/Disadvantages 

Red Leaf Resources is a private company so it is not obliged to reveal any great detail of the 

performance of its EcoShale Process.   Most of the statements issued by the company are technically 

very selective and paint a very positive picture.   

9.5.1 Advantages 

 The major apparent interest in the EcoShale process in the USA is its minimal requirement 

for process water, citing one ton of water per ton of oil compared with other processes 

which consume up to three and four times that quantity of water 

 The raw shale is physically moved once.  In fact selective mining and processing could be 

arranged such that fresh shale from a leading face of a progressing open cut mine could be 

set up on the opposite mine face progressively filling in the hole left by the open cut mine. 
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 There is no requirement for complex, high Capex equipment, other than several high 

temperature blowers, oil capture and perhaps stabilisation system and a retort gas handling 

plant. 

 Oil quality is relatively good, but this is due in part to the use of relatively low retort 

temperatures and long oil residence time.   

 There is no need to cool the spent shale, moisturise it to minimise dust generation or return 

it to the mine.   

 Red Leaf claims the process has a relatively low carbon dioxide output but this may be 

more associated with using natural gas as the fuel.   

 Combustion gases are contained so the opportunity exists for sequestering the combustion 

gas exhaust (no detail is given).  Air is used for combustion, not oxygen. 

9.5.2 Disadvantages 

 If maximum retort temperature of the solids is limited to 710 ºF (367 ºC) then potential oil 

yield will not have reached its maximum.   Quoting oil yield relative to the Modified Fischer 

Assay (at 520 ºC) is standard for the industry, but Red Leaf has not revealed this 

performance of the pilot plant trials in 2009.  The Shell In-Situ process is said to achieve a 

yield of 80% of Fischer Assay.  It is possible that the EcoShale process does not even 

achieve this value.  Such performance might be acceptable for oil shales which contain 80 – 

90 l/tonne, but the commercial viability will fall away rapidly with lesser quality shales. 

 The EcoShale process requires a “rubble” ore consistency, and thus the raw shale may 

have to be screened of fines.  These fines could be blended with the overburden material 

but it does represent a further loss in potential yield for the process.  Alternatively the 

screened fines could be separately processed in an above ground oil shale retorting plant.   

 For one “Operating Capsule” as pictured above around 115,000 cubic metres of bentonite 

type clay will be required.  At a bulk density for wet lump clay of 1.6 this amounts to more 

than 180,000 tonnes of clay, or 13% of the weight of raw shale being processed.  This clay 

is a consumable as it remains with the spent shale to provide centuries of protection for the 

environment.  At an optimistic oil yield of 80% of Fischer Assay this amounts to 250 kg of 

clay per barrel of oil produced. 

 The “Operating Capsule” will use buried gas ducts with a diameter of nominally 3ft.  The 

heat transfer coefficient of such ducts and conduction through the surrounding shale will be 

extremely low.  This is evident in the temperature time profile recorded with the pilot plant 

tests.  It took 33 days before any show of hydrocarbon oil was recorded.   

 Red Leaf estimates an Energy Efficiency Ratio of 11.5 (ES3).  This is based upon 25 gpt raw 

shale with 80% yield and recovery of 50% of the residual heat of a previous capsule.   At 20 

gpt raw shale, 80% yield and 20% heat recovery the Ratio falls to 6.3.  However, the use of 
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residual heat for use in the next “Operating Capsule” may be challenging as extensive gas 

dusting will be required as well as clever mine planning.  At peak temperature these hot 

gases may exceed 500 ºC.  Also transfer will require high temperature fan drives.   

 Furthermore, such calculations ignore the electrical energy required to reticulate the hot 

gases thought the kilometres of gas pipes buried in the shale.  The challenge will be to 

supply and periodically move several megawatt of power supply as the mine and shale 

processing migrates across the countryside.  Collection and transfer of oil to a fixed 

assembly point of oil tanks should not be difficult, but the handling of retort gases will prove 

challenging.  These gases will be at saturation temperature and as soon as they begin to 

cool upon leaving the shale heap condensation will start to occur.  It may be possible to 

have a series of skid mounted gas handling rigs to capture any condensates before the non-

condensed gases are fed to each respective burner.  These condensates could be added to 

the oil stream.   

 Use of natural gas for oil shale retorting may seem environmentally attractive, but it does 

require the continuous uninterrupted delivery of gas to very often a remote oil shale site.  

The heat balance data for 20 gpt raw oil shale suggests there is sufficient energy in the 

retort gases to balance the fuel requirements of the process even without any heat recovery.   

Adding complication to utilise heat recovery for new Operating Capsules and at the same 

time finding a use for the excess retort gas not used in the gas burners may not be a 

desirable approach.  However, as the gas and oil yield from an Operating Capsule is zero 

for the first 33 days and then peaks towards the end of the 90 day cycle, gas and energy 

management of the process will be very difficult.   

At first appearance the EcoShale In-Capsule Process may appear simple and effective.  This may 

not be the case because of the long cycle period of the process, the need to effectively and safely 

manage large hot and flammable liquid and gas streams and the fact that the processing front will 

move across the country side following the progress of the oil shale mining operation. 

9.6 Applicability to Julia Creek Oil Shale 

The EcoShale process is novel and relatively simple.  However, it still requires considerable 

development before it could be classed as a commercial process.  The environmental encapsulation 

of both the gaseous and liquid retort products at temperature as well as the long term containment 

(100+ years), weathering in the tropics and stability of the pyrolysed shale heap which would still be 

reactive and definitely susceptible to leaching.  The recommended heating medium is natural gas 

which would have to be piped a considerable distance to Julia Creek.  Very large quantities of 

bentonite clay are required to contain the shale.  The process cannot utilise any fine material.   

It is therefore recommended that the EcoShale process not be considered for processing Julia Creek 

oil shale for the near future.  Only after it has proven performance should it be considered as an 

option.   
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9.7 TomCo and the Use of Red Leaf Technology 

Xtract Oil asked that this Review should include an assessment of the oil shale development activities 

of TomCo Energy Plc in the USA.  The following has been identified via the internet (TC1, TC2, TC3).   

TomCo Energy Plc is an oil exploration group which first listed on the London Alternative Investment 

Market (AIM) in late 2006 borne by the acquisition of some 2,918 acres of oil shale leases in Utah’s 

Uinta Basin.  Efforts to develop the oil shale project and other projects failed and the company’s 

admission to the AIM was suspended and later cancelled in August 2009.   On 21st July 2011, TomCo 

was re-admitted to the AIM (LON:TOM) following a £3.5 million share placing and plans to breathe 

new life into its oil shale project in the US.  TomCo spent $2 million on a technology licence with Red 

Leaf Resources Inc, to utilize the EcoShale™ In-Capsule Process. 

TomCo’s oil shale leases have been independently estimated by SRK Consultants Ltd to hold up to 

230 million barrels of potentially recoverable kerogen oil in 4 separate tracts.  Around 123 million 

barrels of Indicated Resource under the JORC Code lie in the main Holliday Block lease.  Samples 

from the resource suggest an oil content of 22.3 gpt (93 l/tonne).  TomCo's strategy is to develop the 

Holliday Block lease as a similar follow-on project to Red Leaf’s Seep Ridge development with the 

same targeted production of 9,500 bpd.  

9.8 Red Leaf and TomCo References 

ES1 Red Leaf Website:  http://www.redleafinc.com/ 

ES2 http://www.iii.co.uk/investment/detail?code=cotn:TOM.L&display=discussion&it=le 

ES3 Dammer, A., Oil Shale Development – An Industry Perspective, Colorado Energy Forum 
– Grand Junction, Colorado, 25th February 2011.  
www.club20.org/images/DammerEngExpo22511.pdf 

ES4 http://www.gwest.net/documents/ToddDanaRedLeafEcoShale.pdf 

ES5 Patten, J, Bunger, J. and Greene, M.,  The EcoShale Process – Field Pilot Construction, 
Operation and Results, 29th Shale Symposium, The Colorado School of Mines, 
October 20 – 21, 2009,  http://www.ceri-
mines.org/documents/29thsymposium/presentations09/PRES_05-3_Patten-Jim.pdf 

TC1 http://www.tomcoenergy.com/index.php?pid=profile 

TC2 http://www.londonstockexchange.com/exchange/news/market-news/market-news-
detail.html?announcementId=11002848 

TC3 http://www.investmentlogs.com/2011/07/tomco-energy-re-joins-aim-with-plans-to-
develop-us-oil-shale-project/ 
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10 CONCLUSIONS 

Of the numerous thermal retorting processes which have been trialed and developed over many 

decades, there are a limited number which have proven performance at a significant production scale 

and it is possible that these could be deemed as commercial.  This high level Technical Review 

assesses the status of the better performers, their advantages and disadvantages and whether each 

might be suitable for the processing of Julia Creek oil shale.   

There is only a limited amount of technical process performance data available in the public domain, 

so a definitive evaluation is not possible.  This comparison of performances of the major processes 

can only be indicative.  The following two tables present the relative status of the major parameters of 

seven of the most promising processes.  Colour coding is used highlight key differences, viz.: 

 


    

 

 




















       
       
       
       
       
       

       

The points to note from this table are: 

 Only three processes, PetroSix, Taciuk and Enefit, have been proven on a major scale.   

 The latter two have a distinct advantage that they process the total shale feed.  All the 

Vertical Retorts require a lump feed for good counter-current gas flow, and thus cannot 

process the smaller particles which can amount to between 10 and 30% of the total shale 

feed.   

 Process yield relative to the Modified Fischer Assay gives an indication of the efficiency of 

the process to maximize the recovery of oil from the shale’s kerogen.  Such data are very 

scarce so the values are only indicative.  The leaner the shale the more important is the 

process’s ability to most effectively utilize the energy contained in the feed shale.  

Unfortunately, Julia Creek oil shale at just over 70 l/t is not a very rich shale relative to the 

lacustrine shales near Gladstone or in the USA’s Green River Basin.  
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 Pyrolysing the organic kerogen component of the shale leaves an amount of the carbon with 

the mineral matter.  This carbon contains energy and some processes burn that carbon to 

make use of the generated heat to thermally assist the retorting process.  Petrosix and 

EcoShale do not and there is the risk that this carbon will remain reactive and issue odour or 

soluble organic chemicals which may over the course of time interfere with the environment.  

Note also that the Paraho, Fushun and Kiviter retorts can also be operated in the Indirect 

Heating mode (like the PetroSix process) and not burn the residual carbon. 

 Julia Creek oil shale is a marinite shale containing significant levels of calcium carbonate.  

Excessive heating of the feed shale or the spent shale during post combustion can initiate 

the dissociation of calcium carbonate into calcium oxide (lime) and carbon dioxide.  This not 

only requires more heat over and above that needed to retort the kerogen but also leaves a 

reactive alkaline spent shale which may have implications for the manner of shale disposal 

back into the environment.  The retorting process most capable of managing this negative 

behaviour will be the one that best moderates its process temperatures.  The Circulating 

Fluid Bed combustor of the Enefit process is the best performer in this respect.   

A cursory assessment of the applications of these 7 processes to a 20,000 BPSD plant at Julia Creek 

is given in the following table: 

   







    


    


    


    


    


    


    

 These technologies have been developed where there has been a need for an alternative 

source of crude oil.  In recent times Brazil has located significant oil reserves offshore and 

the incentive from Petrobras to promote its PetroSix process appears to have waned.  The 

oil reserves of the Green River Basin in the USA are enormous but the environmental 

constraints are particularly severe.  This may be the reason Shell has moved away from 

above ground retorting (Spher Process) and now focus its efforts on the below ground ICP 

process.   

 China continues to build banks of 20 Fushun Retorts as it is a very simple process.  FMG 

has installed a Taciuk plant in NE China to handle the significant amount of fines that the 

Fushun process cannot handle.  Consideration is also being given to installing a 

Enefit/Galoter plant also in China for this same reason.   



  

XTRACT OIL LIMITED 

OIL SHALE RETORT PROCESSES 

A REVIEW 

201010-00189 Rev B Page 60 :: 10th October 2011 

 Estimates of oil yield from Julia Creek shale suggest that a 20,000 BPSD syncrude plant 

would need at least 8 to10 commercial plants handling something like 16 to 18 million t/yr of 

fresh shale. 

 Probably the two preferred processes for further commercial evaluation would be the ATP 

Taciuk process and the Enefit processes.  Both technologies process the entire shale feed 

from the mine and both recover the chemical heat of the residual carbon and leave a spent 

shale which may be more benign for the environment.  Both have achieved commercial 

status and are supported by very capable engineering companies in Polysius and Outotec 

respectively.  Both engineering companies are world contractors in the design and 

construction of process plant and both operate extensive oil shale testing laboratories. 
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11 APPENDIX 1  -  JORDAN MINING & ENERGY LIMITED 

As part of this Oil Shale Process Review, Xtract Oil has requested an assessment of the 

developments being considered by Jordan Energy and Mining Limited (JEML) utilising the Taciuk 

ATP Process. 

11.1 Background 

Jordan Energy and Mining Limited (JEML) specialises in extracting and processing oil shale as a 

commercially viable alternative energy source.  In June 2008, JEML successfully raised a pre-IPO 

placing of $32 million through brokers Miraud Securities.  Should further fund raising efforts not meet 

with such success the company intends to make an Initial Public Offering (IPO) on the London Stock 

Exchange's Alternative Investment Market (AIM). 

The Managing Director is Christopher Morgan, a mining engineer and company director with a 35 

year career in the mining and oil and gas sectors.  During 1984 to 1988 Chris Morgan headed Shell’s 

Oil Shale and Tar Sands group globally pursuing projects around the world including Morocco’s 

Tarfaya oil shale resource development.  Other founding directors have expertise in Jordan's legal 

and fiscal framework, mining and oil shale technology and international finance. 

The founders of JEML have established strong relationships with the Jordanian Government and 

since 2000 have provided on-going advice on oil shale mining, as well as oil and gas policy.  Jordan 

has the fourth largest oil shale reserves in the world, with proven and projected reserves and 

resources totalling more than 100 billion barrels of oil.  Along with 12 other organisations JEML was 

invited to bid for oil shale concession areas in the desert region of Al Laijun and this precipitated the 

establishment of Jordan Energy and Mining in February 2006.  JEML’s bid was successful and it was 

awarded 33% of this rich oil shale province, which is North-East of Karak (JD1).   

The company secured exclusive use of the Taciuk ATP technology in Jordan.  Between December 

2008 and July 2009 some 86 tonnes of Al Lajjun oil shale had been pilot tested in UMATAC’s Alberta 

Taciuk Process (ATP) pilot plant in Calgary, Canada, and successfully produced 50 barrels of shale 

oil.  A comprehensive pre-feasibility study was completed in July 2009 confirmed the combination of 

Al Lajjun oil shale and ATP technology was technically and commercially viable. 

According to JEML the Al Lajjun shale has an oil content >10%, low moisture <2-3%, little overburden 

(~ 30m) and reasonable oil shale seam thickness at 30m.  Engineering construction of the initial 

commercial plant producing 15,000 barrels per day (bpd) is scheduled to start in 2011/2012.  Once 

the processing methods and yields have been fully demonstrated with this plant, JEML will upgrade to 

a full-scale plant with an anticipated lifespan of over 30 years and a production capacity of 50,000 to 

100,000 barrels per day.  Karak International Oil (KIO), JEML’s wholly owned Jordan operating 

company in Jordan, expects to soon start engineering on the $1.8 billion oil shale project with a 

planned start-up by 2016 (JE5). 
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Note the Jordan Times on 13th October 2011 carried an announcement that Enerfit is planning to build 

a 600 – 900 MW oil shale fired power plant in Jordan (JT1).  Petrobras is also considering proceeding 

with an oil shale processing project in Jordan.   Shell has drilled more than 100 test bores exploring 

for oil shale in an area of 22,000 square kilometers from northern Jordan and west Safawi to Azraq in 

the middle and Sirhan and al-Jafer in the south.  Being the 4th largest country in respect of oil shale 

reserves in the world and having no indigenous crude oil production to speak of, there is strong 

Government interest to establish an oil shale industry to offset some of the 100,000 BPSD imports of 

crude oil. 

Contact details for JEML are as follows (JE1). 

Head Office  

• Spa House, 18 Upper Grosvenor Road, Tunbridge Wells, Kent TN1 2EP, United Kingdom 

• Telephone: +44 (0) 1892 509950, Facsimile: +44 (0) 1892 686119 

London Office 

• 33 St James Square, London SW1Y 4JS, United Kingdom 
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• Telephone +44 (0) 203 178 4511,  Facsimile: +44 (0) 203 178 4821 

Jordan Office 

• Sixth Circle, Crowne Plaza Trading Centre, 1st Floor, Office No. 5, P O Box 2959, Amman 

11821, Jordan 

• Telephone: +962 6 5561905,  Facsimile +962 6 5560303 

The directors are listed on the JEML Website (JE3) and further details are available from JEML’s 

2007/2008 Annual Report (JE4) 

11.2 Discussion on the JEML Project: 

There are a number of key drivers behind JEML’s efforts to establish an oil shale processing plant in 

the Hashemite Kingdom of Jordan: 

 Extensive experience of Chris Morgan in developing large scale projects, including those 

based upon oil shale.   

 Strong interest by the Kingdom of Jordan to have some form of domestic oil production, as 

the country has negligible crude oil production of its own 

 Apparent close links between the founders of JEML and the Jordanian authorities 

 Extensive oil shale resource with low overburden (~30m), reasonable seam thickness 

(~16m), rich shale (111 l/tonne), minimal moisture (2 – 3wt%)  

 Thorough process testwork program utilising semi commercial retorting technology, albeit 

the scale of retort is broaching the mechanical and heat transfer limits of rotary kiln 

technology 

On the other side: 

 Generation of considerable private funding for project development is proving difficult to 

arrange.  Fall-back position being considered is to go to the market with an IPO on the AIM 

exchange in London. 

 Capital expenditure for a 15,000 BPSD plant for such a small company will prove 

challenging to finance.  Should an oil major step in and facilitate the project the path 

forward financially should prove easier. 

 Plant location is in a remote area of desert with little or no infrastructure, apart from a 

nearby major road.  The lack of water may prove to be a telling issue, especially in the 

control of mine dust and dust generation from the redeposit of spent shale. 

 El-Laijun shale is of marinite origin and thus contains significant amounts of calcium 

carbonate (54%).  Decomposition of that imbedded limestone while retorting the shale will 

consume additional energy and generate a higher proportion of carbon dioxide emissions 
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compared with lacustrine shales such as that located at Stuart, along the central 

Queensland coast near Gladstone. 

 Jordanian shale is much drier than Stuart shale, so no predrying/preheating is required 

Also as the Jordan shales do contain considerable quantities of limestone the processing 

experience gained during SPP’s four years of shale operation will be of limited value. 

The next steps for JEML will depend on whether it gets its next tranche of finance.   
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