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In this paper, different ways for developing indigenous oil shale resources

and their important role in reducing the dependence of Jordan on imported
oil are assessed. Also, the Government’s plan and strategy with respect to

premature or short sighted and loose energy policy is discussed. Oil shale is

the major indigenous fossil fuel in Jordan, and it is not utilised at present.

During the next few years, a commercial oil shale complex could be devel-

oped in the country to produce shale oil and/or electricity substituting for
imported crude oil and petroleum products. The future beneficial use of the

vast oil shale deposits depends not only on the development of suitable proc-
ess economics but also on the availability of suitable environmental controls.

Thus, oil shale’s future will be a mixture of promise and risk. Oil shale can

still be considered Jordan’s most extensive domestic fossil-fuel source well

throughout the 21st century and beyond. However, the Government’s posi-
tion is not clear enough with regard to what should be done in order to util-

ise the oil shale resources in a wise way. So, comprehensive scientific re-

search, feasibility studies, legislation and best practices codes as main parts
of a national energy plane should be addressed and developed in order to

decide about the most suitable technology for Jordan.

Introduction

In 1999, the last year for which statistics are published, the total energy

needs of Jordan were approximately 4.75 x 10° toe of which imported oil

supplied 94 % and the remaining came from natural gas (4.5 %) and renew-

able sources (1.5 %) [l]. The annual imported crude oil bill was approxi-
mately 600 x 10° USSS, representing about 7.5 % оЁ Jordan’s gross domestic

"

Correspondingauthor: fax +962 5 3826613

e-mail: jojaber@hu.edu.jo or jojaber@yahoo.co.uk



J.O. Jaber et al.316

product, about 14 % of the total commodities imports; and 30 % of the do-

mestic commodities exports [2, 3]. As can be seen, even a slight increase in

oil prices in the international market can have severe impacts on the local

economy.

From previous investigations and published reports, the national energy
demand is expected to be around 10 x 10° toe in 2015 see Fig. 1 [2, 4].

Electricity demand is predicted to grow at an average annual rate of about

6 %, with the maximum peak demand reaching approximately 2200 MW. In

1999 the maximum demand was about 1100 MW - see Fig. 2 [5-7]. With-

out exploitation of indigenous energy sources, such as oil shale, the energy

bill most probably be around 1800 x 10° US$ per annum by 2015, when the

annual rate of fuel consumption in Jordan will have been approximately
doubled, however, the exact value depends on the crude oil international

unit price. Thus there is an urgent need to start a national programme aiming
to improve energy efficiency and utilise local energy resources, where their

technical and financial performance are attractive.

Fig. Г. Predicted annual rate of fuel consumption

Fig. 2. Projected electricity consumption and maximum load demand
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There is little information available about processing of Jordanian oil

shales, and most of available and published data are either concerned with

geological aspects or pre-feasibility studies. This is most probable because

there has been only little interest in developing this resource, due to the pre-
vailed low crude oil unit prices during the last 15 years, compared with

those for the final energy produced from oil shale. Equally important 1s the

lack of know-how and seriousness as well as the intention of consequent

governments in developing such a vital resource: one government supported
the idea of producing shale oil, but the next one preferred direct combustion

of oil shale in order to generate electricity and so on. So there has been no

firm and published plan based on the results of scientific investigations con-

cerning Jordanian oil shales.

However, recently and due to a sharp increase in the price of crude oil,
there is a growing interest in developing oil shale deposits, especially those

in the central part of Jordan. For example, few months ago the Government,

represented by the Ministry of Energy and Mineral Resources (MEMR), has

signed a memorandum of understanding with a specialised Canadian firm,

SUNCOR, which aims to develop the Ellujjun 01l shale deposit and mainly
produce shale oil [B]. SUNCOR will employ the Alberta Taciuk retorting
technology, which is originally developed in Canada. This is similar to the

one that has been used, on pilot scale, for processing the Stuart 01l shale т

Queensland, Australia [9]. However, the Taciuk process is still unproven on

commercial scale and associated with operating and environmental problems
needing a lot of work before being available for safe and reliable commer-

cial applications.
This paper discusses different ways for utilising the local oil shale re-

sources and their vital role in reducing the dependence on imported oil. The
Government’s dilemma regarding what to do with oil shale and national en-

ergy policy 1s discussed. Also the paper looks at energy consumption 10 Jor-

dan and the future major potential use of oil shale generation of electricity
or producing liquid and gaseous fuels.

Local Oil Shale Deposits

Besides the limited reserves of natural gas from the Al-Risha field in the

north-eastern corner of Jordan, close to the Iraqi border, the vast oil shale

deposits represent the only other indigenous fossil fuel resources. The latter

exists predominantly in the central, i.e. south of the capital Amman, and

north-western parts of the country. Based on micro-palaecontological studies

and stable carbon-isotope determinations, it is generally believed that these

deposits were formed in the shallow marine environment, which prevailed in

the Middle East region about 140 million years ago during the Cretaceous

age [lo]. However, other geological surveys have concluded that the oil

shale was formed during the Maestrichtian to Palaeocene ages [ll].
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There are 24 known outcrops and near-surface oil shale deposits in Jor-

dan. These proven reserves have been estimated to exceed 40 x 10” tonnes

of oil shale, which is equivalent to about 3—4 X 10° tonnes of crude oil [2].
At the present annual rate of national primary-energy consumption, these

reserves alone would be capable of meeting Jordan’s energy demands for

the next millennium. The most important oil shale deposits occur at Wadi

Maghar, Wadi Thamad, Attarat Um Ghudran, Juref Ed-Drawish, El-Lajjun,
Sultani, Khan Ez Zabib and Siwaga [l2]. These deposits have an average

stripping ratio (of about unity) of the vertical thickness of the overburden to

that of the associated oil shale deposit which is considered to be favourable

from a cost-of-extraction point-of-view.

National Need for Oil Shale as an Energy Resource

Jordan has experienced temporary shortages of mineral-oil products on sev-

eral occasions; the last one being during the Gulf War in the early 1990s
[l3]. Given the likelihood of the increases in energy and electricity demands

in the future and the rapid depletion of fossil-fuel reserves world-wide, the

risk of future fuel shortfalls in Jordan is relatively high. Also, the rising cost

of oil imports and Jordan’s increasing dependence on them have already
contributed significantly to trade-balance problems, inflation, decline of real

income per capita, and other economic and social difficulties. So, the solu-

tion to Jordan’s fuel-shortage problem should be based on: better long-term
energy management and developing indigenously available fossil-fuel re-

sources, such as oil shale, because renewable energy for the immediate fu-

ture will be financially viable only for specific applications and particular
locations.

The indigenous oil shale has a potential major role to play by reducing
Jordan’s dependence on imported crude oil and petroleum products, which

involves a strategic security-of-supply risk and imposes a serious burden on

the national economy. In the longer term with the foreseeable exhaustion of

world’s crude oil reserves and higher oil prices, such a dependence on Iт-

ports could lead to even more serious economic difficulties for Jordan. Also,
oil shale harnessing projects are most likely to be established in remote ar-

eas, close to the deposits. These, by providing employment and training op-

portunities for the labour force, would help to reduce the differences in so-

cial equity between the rural and urban regions of the southern Jordan.

The importance of oil shale, for Jordan, as an energy source, depends on

the final costs and attractiveness as compared to conventional fuels. How-

ever, since crude oil and petroleum products, and in the near future natural

gas, are imported and cause a heavy burden on the national economy, they
are likely to be discouraged as fuels for electricity generation. Renewable

and new energy sources also have great potential but the related economics

and technical limitations will delay the use of such sources for many years
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to come. However, these are unlikely in the near or medium future, i.e.

within next two decades, to equate to more than 10 to 15 % of the rate of

national electricity generation, because of the higher cost per unit of energy

produced from renewable energy than that obtained from conventional re-

sources [l4]. Thus, oil shale would be left as the only option as an indige-
nous energy source in Jordan that should be developed to meet the growing
demand. :

Economic Evaluation of Oil Shale’s Potential

In general, oil yield and/or the calorific value of Jordanian oil shales are

relatively high, approximately 10 % by weight and about 5-6 MJ kg™', re-

spectively [ls]. Based on recent experimental investigations, the average oil

yield is around 100 litres per tonne of shale, depending on the pyrolysis
conditions and type of shale [l6].

Besides the organic matter, Jordanian oil shale deposits contain metals,
such as uranium, molybdenum, vanadium, chromium, cobalt and nickel, in

low concentrations, as well as aluminium and iron in higher concentrations

[l7]. These metals have strategic significance in the international market. A

preliminary estimate is that rare metals worth at least 30 US$ per tonne, ex-

ist in the typical oil shale. However, other assessments suggest that an addi-

tional 30 US$ worth of aluminium and 10 US$ worth of iron are present in

each tonne of oil shale [lB, 19]. If all these metals were to be recovered,
their total value would exceed that of the shale oil, which is around 15 US$

per tonne of shale, based on 100 litres of crude shale oil being derived from

a tonne of oil shale and 25 US$ being paid per barrel of oil. In the case of

Jordanian oil shales, it has been estimated that the total potential of such

resource would be about 45(£5) US$ per tonne, based on current prices оЁ

crude 01l and metal oxides, and an average recovery ratio of about 80 % for

most probable products from the shale. However, when crude oil prices rise

to reach 30 US$ per barrel, then this potential would be higher, i.e. at least

50(%5) USS per tonne, depending on the actual unit price.
In addition, the newly established companies for exploiting oil shale will

provide the employees and their families with adequate facilities, such as

housing, and general-services, e.g. education and medical-care, as fringe
benefits. Also, workers at the proposed plant will not build only mining,
processing and transportation systems, but a whole town complete with

housing and commercial services, cultural activities as well as social and

political systems. Such new settlements would offer better living standards

as well as profitable and long lasting business and employment opportuni-
ties for local residents. In addition, the property cost is expected to be about

ten times more than prevailing rates for the surrounding areas because of the

underlying oil shale. Also local and central governments would benefit

through taxes, which may be levied on oil shale property, wages, sales,
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companies income and on the final products. It is expected that such an in-

dustry would create at least between 10° and 1.5 x 10° jobs, including min-

ing operations, on a permanent basis and a few more temporarily [2o]. This

means that the national economy would grow, thence, such an industry
would help the whole country to prosper.

Main Methods to Obtain Energy from QOil Shale

The following discussion highlights the important issues of oil shale proc-

essing technologies:

Retorting

The main interest world-wide has been directed to the pyrolysis processes in

which organic matter recovery could be done underground, i.e. in situ, or

above ground, i.e. ex situ. In situ retorting offers several operational, eco-

nomic and environmental advantages over the ex situ processing [2l]. How-

ever, above ground processing, generally, allows better control of the retort-

ing conditions, which leads to higher yields of final products.
Retorting is a thermal pyrolysis process, which takes place in a closed

vessel called retort, where the oil shale is heated, directly or indirectly, at a

temperature of between 400 and 600 °C in order to extract its organic con-

tent as shale oil and fuel gas [22, 23]. The shale oil, which is usually highly
viscous and has high content of sulphur and nitrogen, depending on the

quality of the feed stock, may be upgraded in a refinery to produce synthetic
fuels or further processed to yield chemical products. It can also be con-

sumed directly, without any extra treatment, as a fuel for electricity genera-
tion and industrial applications. Oil shale retorting is a well-developed tech-

nology: it has been used for decades in many countries, e.g. Estonia and

China on a commercial scale and semi- or near-commercial scales in the

USA and Australia, to yield shale 01l [24, 25]. However, these methods tend

to be inefficient with respect to liberating the organic content of oil shale.

State-of-the-art technology can extract, on average, between 70 and 80 % of

the organic matter; the remainder being locked in the spent shale as a resid-

ual char [26, 27].

Equally important is the chemical composition of the shale oil produced,
which has consequences for its safe handling, transport and indeed its end

use in combustion systems. It is reported that the presence of aromatic com-

pounds in the shale oil will increase the rate of soot and other pollutant
emission to the environment [2B]. Several investigations concerning the as-

sociated health hazards of employing liquid fuels derived from the pyrolysis
of oil shale have shown that such a fuel contains polycyclic aromatic com-

pounds. The latter represent a group of chemicals over which there is a big
concern due to the fact that a large number of these compounds are consid-
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ered carcinogens [29-34]. The presence of carcinogenic compounds in the

shale oil, especially in high concentration, will limit its usage as a potential
fuel to substitute for crude oil and petroleum products. This significant
health hazard, together with the necessity for the disposal of vast amounts of

retorted shale resulting in groundwater contamination, can lead to serious

adverse environmental impacts.
There are many retorting methods, such as Lurgi [35, 36], Petrosix [37],

Union [3B, 39], Fushun [4O, 41] and Alberta Taciuk [9], available in the in-

ternational market. However, careful behavioural analysis should be carried

out before selecting any of these methods, because the techno-economic per-
formance of any retorting process depends on the chemical and physical
characteristics of the oil shale deposit: what is suitable for Canada or any

other country may not be good for Jordan.

Direct Combustion

Direct combustion of oil shale offers an opportunity to generate electricity
in commercial utility-power plants. The combustion of pulverised oil shale

in Estonia has been used for electricity generation since 1924, when the Tal-

linn Thermal Power Plant, with a capacity of 22 MW, was modified to burn

this fuel [42]. During the 1960 s and 19705, the Baltic Power Plant, 1624

MW, and Estonian Thermal Power Plant, 1610 MW, were commissioned

[43].
The plant required for combustion of pulverised oil shale is, in principle,

similar to that for pulverised coal, with slight modifications in feeding and

ash-handling equipment. However, the combustion behaviour of oil shale 1s

different from that of coal, because oil shale contains much more oxygen

and sulphur than coal does. Also, as its mineral content is several times

higher than that of coal, more ash is formed when oil shale is burnt. Experi-
ence in Estonia has indicated that pulverised oil shale burns faster than pul-
verised coal, because the heat generated during combustion of the volatile

matter of the oil shale is greater than that of the fixed carbon [44].
In employing pulverised oil shale combustion, there are serious opera-

tional problems including low availability of the boilers as a result of foul-

ing and slagging as well а5 water and air-pollution problems [45-49]. Ther-

mal efficiency of commercial pulverised oil shale plants is about 29 %,
without flue-gas clean-up, and they have an availability of only 50 % [so].
So these were main reasons behind the decision of the Estonian Government

not to expand the electric-power generation capacity until the present
method of pulverised oil shale combustion is improved [sl]. The common

problems of fouling and corrosion of the heat-exchange surfaces by ash and

slag deposits are enhanced in the presence of alkali metals, sulphates and

chlorides in the raw shale. Usually the alkali metals and chlorides have

higher corrosion activities compared with those of sulphates [s2]. Corrosion

causes a sharp drop in the system’s thermal efficiency as well as its avail-
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ability. Intensification of regular cleaning could not mitigate this problem:
whatever happens the boiler’s output will always be lower than its design
value [s3]. In general, such technology for firing solid fuels including oil

shale has proved to be technically inefficient, economically unacceptable
and environmentally disastrous [42, 54, 55]. Thus, it is hardly surprising that

this technology has only achieved a slow market penetration.
More stringent emission-control requirements and the need to generate

electric power and/or heat for industrial processes, from fossil fuels, with

higher efficiencies and lower costs, have led to new technologies being in-

troduced, such as fluidised bed combustion (FBC). In 1960, Ruhrgas-Lurgi
built two FBC units for combustion of oil shale to generate steam and elec-

tricity. The unit capacity was 360 tonnes of oil shale per day, with spent
shale being used for cement production [s6].

FBC is an energy-efficient and environmentally-friendly technique for

burning low-grade solid fuels with high sulphur content and low calorific

values including: tars; industrial, agricultural and municipal wastes; poor-

quality coals [57, 58]; and oil shale [s9]. In FBC, oil shale is combusted in a

bed of solids fluidised by high-velocity primary air. The off-gases and the

entrained solids, i.e. fly ash, are separated in cyclones and the collected sol-

ids are returned to the bed. Heat is extracted from the furnace and from the

flue gases before they are cleaned up and released to the atmosphere via the

stack, and used to produce superheated steam, which will drive a conven-

tional steam-turbine to generate electricity [6o—66].

Preliminary tests performed indicate that a FBC is capable of burning

high ash as well as high sulphur content oil shales successfully, with high
combustion and boiler efficiencies of 95-98 and 75-80 %, respectively
[36, 67, 68]. It is concluded that emission rates from FBCs are low and there

is no need for flue-gas clean-up down stream except for particulates, which

could be collected easily by employing approved systems such as bag-filters
or electrostatic precipitators [69,70]. At present, there are only two FBCs

fuelled by oil shale. These are a demonstration cogeneration plant, in Israel,
with an installed capacity of 50 tonnes of steam per hour [7l] and a full

commercially operating unit in China, with a steam flow of 1750 tonne per
hour [72]. Experience gained in these countries concerning electricity gen-

eration by using oil shale showed that a FBC, with carbonates (CaCO3 and

MgCO,) in the inorganic part of oil shale, is suitable for burning sulphur-
rich and low-grade oil shale such as those available in Jordan [7o]. Due to

the encouraging results and experience gained from a demonstration plant,
the board of directors of the Israel Electric Corporation Ltd., approved a

project to build a commercial oil-shale-fired power plant with a nominal

installed capacity of about 75 MW [73].
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Gasification

Gasification, unlike retorting, aims to increase the calorific value per unit

mass of the resulting fuel gas: this is achieved by removing unwanted con-

stituents, mainly ash, thereby producing a gaseous fuel, which is cleaner and

easier to handle. Oil shale gasification is a relatively simple process requir-
ing extraction of the volatile compounds of the shale through pyrolysis, fol-

lowed by partial combustion of the remaining char. This series of reactions

produces a fuel gas, with CO and H; as the major constituents, together with

small amounts of CO,, N,, CH, and H,S. Because the gasifier would operate

at elevated temperatures in a reducing atmosphere, there will be neither ox-

ides of sulphur nor of nitrogen in the product gas [74].
Gasification of oil shale can be achieved in one of two ways: with the

heat supplied directly, by partial oxidation of the feed stock or indirectly
through an external heat-source and/or heat exchanger. Direct heating is the

basic process applied in pressurised coal-gasifiers, and oxygen is used to

achieve high temperaturesrequired for efficient gasification. However, such

an operation is relatively costly, especially for commercial-scale plants. So a

promising opportunity for such an application is the fluidised-bed gasifier,
which uses air instead of oxygen to produce a fuel gas with a relatively low

energy content. An important key feature of the indirectly-heated gasifiers,
which operate usually at relatively low temperatures of about 700 to 850 °C,
is that they can produce a high-calorific gaseous fuel, without the use of

oxygen, which is costly.
Pressurised gasification is preferred to atmospheric gasification from the

thermodynamic losses point-of-view. These losses, associated with com-

pressing the fuel gas before it is injected into the gas-turbine’s combustor,
are higher than those associated with compressing the fluidising air. How-

ever, this benefit would involve operational problems, such as feeding the

raw oil shale to the pressurised reactor, and losses of inert gas if a lockhop-
per mechanism is used as the sealing device [7s].

Burning the low-calorific gaseous fuel produced by oil shale gasification
in industrial turbines or external combustion chamber with a gas turbine

inlet temperature of 1250 °C at a pressure ratio of 10-15 is capable of

achieving plant heat rates of about 7.8 (+0.1) x 10 kJ per kWh produced at

relatively low capital cost [76-78]. The simple combined-cycle arrangement
is more environmentally-friendly because less pollutants per kWh of elec-

tricity generated would be produced compared with FBC or pulverised fuel

technologies. In general, the high efficiencies of the combined cycle gas tur-

bine system can mitigate the conversion losses incurred in gasifying oil

shale, and so still deliver a high overall efficiency as well as provide eco-

nomically the superior environmental performance required. This would

make using the integrated gasification combined-cycle system attractive for

base-load electricity generation.
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To sum up, current trends in oil shale utilisation are limited to either the

production of synthetic fuel and chemicals or generation of electricity.
However, both retorting and direct combustion of oil shale have their draw-

backs: the temperature of combustion is limited by the melting point of the

ash, or the mineral content of oil shale and its tendency to form hard depos-
its, which result in fouling and/or corrosion of the processing equipment.
These deposits also lead to lower heat-transfer rates and hence reduce the

system’s capacity and efficiency. In the case of retorting, oil shale is proc-
essed at a temperature of about 500 °C, at which the maximum shale oil

yield is achieved, but it would then be of relatively low-quality: high pour

point as well as relatively large contents of nitrogen, oxygen and sulphur. A

rise in the retorting temperature will improve the quality of the end product,
but the oil yield will then be reduced. So, it is suggested that one should

combine the two utilisation methods into an optimal multi-purpose produc-
tion process, which will achieve high rates of oil recovery as well as harness

the chemical, energy and mineral potentials of the Jordanian oil shale. Also,

gasification is an acceptable technical solution for processing high-sulphur
oil shales: it 1s even more economic than the direct combustion of the shales

[6B]. Thus, due to its relatively high sulphur content, the gasification of Jor-

danian oil shale ils expected to be cheaper and technically more viable com-

pared with oil shale retorting.

Published Reports and Feasibility Studies

The first recorded report concerning oil shale in Jordan was written by S. J.

Blaick in 1930. Subsequently, several studies by the Natural Resources Au-

thority (NRA), involving core drilling and laboratory analyses to determine

the constituents and the calorific values of the oil shales were undertaken

[79]. However, the NRA terminated such activities in 1969, because it was

predicted that the cost per harnessed kWh incurred via the utilisation of Jor-

dan’s oil shale, for the foreseeable future would significantly exceed those

achievable using imported crude oil [Bo]. Nevertheless, after the first oil

shock due to the overall rise in crude oil unit prices, interest in the Jordanian

oil shale, as an indigenous energy-resource, rose considerably. As a result,
the Government, in co-operation with specialised foreign companies, initi-

ated several investigations to assess the technical and economic feasibilities

of utilising the national deposits of oil shale [Bl, 82].
In 1986, a study conducted in co-operation with the Chinese Oil Shale

Co., showed that Jordanian oil shales excavated from the Ellujjun deposit
could be processed effectively in a Chinese Fushun retort with a relatively
high recovery-rate of the organic content of about 85 % as measured by the

Fischer assay [39]. Also, during the late 1980s, in close co-operation with

the Japan Oil Shale Engineering Company, a sample from the Ellujjun de-

posit was tested in a pilot plant, which consists of a simple indirectly-heated
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retorting unit in conjunction with a FBC plant for the oil shale fines, for the

purpose of electricity generation [B3]. The preliminary result was that Jor-

danian oil shale could be processed successfully to produce shale oil or gen-

erate electricity. However, detailed technical design and commercial-

feasibility studies are still needed to optimise the process.
More few pre-feasibility studies were conducted by different consultants

during the 1980 s and the main technical conclusions of these studies were

that Jordanian oil shales could be retorted to produce liquid and gaseous

hydrocarbon products; or burnt, thereby releasing heat which could be used

to generate electricity [B4]. However, it was recognised that FBC is rela-

tively new as well as unproven, with respect to its financial viability, for

burning oil shale in a large-scale plant for long periods. There are also asso-

ciated problems, such as large amounts of water usually required for the

processing plant; the significant risks of environmental damage as a result of

harnessing oil shale; and the high capital costs incurred [Bs]. Moreover, dur-

ing the late 1980 s and 19905, the unit cost of electricity generated via burn-

ing oil shale and a turbine or producing shale oil was concluded to be far

more than that achieved using imported oil instead, due to relatively low

crude oil prices. Thus, during the 1990 s the Government has adopted a

“wait-and-see” policy, while meanwhile monitoring the world-wide techni-

cal and economic advances in oil-shale harnessing and use [B6].
During the last few years, due to the restructuring of the energy sector, as

well as the privatisation of the electric-power sub-sector in Jordan, several

offers have been forthcoming from international companies to utilise some

of the oil shale deposits. The proposals are for producing shale oil and/or

generating electricity for national consumption and/or export. The state-

owned National Electricity Power Company would be expected to buy gen-

erated electricity, provided it is cheaper per kWh than that obtainable from

any other source, on a long-term-purchase agreement basis.

Recently MEMR has signed an agreement with a specialised Canadian

firm, SUNCOR. This aims to develop the Ellujjun oil shale deposit in order

to produce mainly shale oil by employing the Alberta Taciuk retorting tech-

nology [2, 5, B]. However, no details are made available to the public about

the agreement, both from the financial or technical point of views.

Future Energy System Developments
Involving Oil Shale in Jordan

Annual electricity consumption is increasing at a relatively high rate of

about 6 %, which is attributed to the increasing dependency on such a flexi-

ble and clean form of energy that can be generated from a wide variety of

fuels and sources. This will pose a real challenge for Jordan in trying to sat-

isfy its growing energy and especially electricity demands, while simultane-
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ously reducing the adverse impacts on the economy, the environment and

social life.

There are two main routes for developing oil shale fired electric power

plants. The first is based on the Rankine cycle, and the second on the Bryton

cycle. The efficiency of the first option would be approximately similar to

that achievable with the coal-fired systems: based on limited experience
with a FBC which burns oil shale, less than 30 % and it may reach 32 % for

the best scenario [73]. But the net efficiency can be increased dramatically
to about 42 % when a combined cycle arrangement is used as in a Pressur-

ised Fluidised-Bed Combustor (PFBC) [B7-90]. The alternative way of

achieving direct firing is to operate a FBC and a gasifier, which feeds fuel

gas to a combined-cycle system, char and fines would be circulated to the

FBC for combustion, in order to more fully exploit the available energy po-

tential. Hence the final efficiency will be raised. Improving the efficiency of

a system reduces the fuel consumption as well as the production of pollut-
ants, which are generated for a specific power output. It also has the advan-

tage of minimising adverse environmental impacts along the whole fuel-

supply train: mining, handling and crushing as well as storage and transpor-
tation of raw oil shale or final products.

Advanced oil shale based electric power generation systems would offer

the potential for the immediate future to meet the increasing electricity de-

mand by using the locally available and abundant oil shale deposits. Such an

approach has the advantage of reducing dependence on imported oil. In ad-

dition, it will help in preserving premium fuels, natural gas and crude oil, for

applications such as in chemical industries in which their natural advantages
can be exploited more appropriately.

Now one of the most significant aspects of any energy review, which in

the case of Jordan partially culminated in the Government’s energy master

plane [9l], has to be the cost of final unit of energy, especially electricity

Fig. 3. Development of oil prices in the international market

(Arabian light crude oil)
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production, from alternative energy sources and/or types of generating sys-

tems and fuels. This is not a new debate and there is fierce input from those

with related interests and the position, in general, is not clear. For example,
in the case of electricity planning the predicted cost of generation from a

particular system is highly dependent on the future fuel prices. The latter is

very difficult to predict due to various factors: fluctuations of crude oil

prices during last 40 years and expected prices during the next 15 years can

be seen in Fig. 3. But, indeed, the higher the unit prices and the tighter the

supplies of crude oil and/or natural gas, the greater the interest in oil shale

resources will be in the future.

Research and Development Concerning Oil Shale in Jordan

Unfortunately, only a few researches have been done concerning processing
of Jordanian oil shales, and all of these studies were carried out on labora-

tory scale. The Table summarises the published papers, which can be traced

in the literature, concerning different aspects of Jordanian oil shales [ll, 15,

16, 33,34, 74,77, 78, 92—-107]:

As one can see, the total number of published articles is very low, about

25 papers, and concern only two types of shales. Such a poor outcome of

technical research in oil shale development and utilisation can be attributed

to the lack of Government’s support and know-how or scientific interest

among research institutions in Jordan. However, most of the reported re-

search studies, especially in the field of oil shale processing, were carried

out by Jordanian researchers abroad. These were conducted on experimental
laboratory-scale research rigs, which have certain limitations, such as small

Elemental analysis and calorific

value determination 3 Ellujjun
Composition analysis 2 Ellujjun and Sultani

. (organic and inorganic) :
Reserves 2 Most of occurrences

Direct combustion 2 Ellujjun
Pyrolysis 4 Ellujjun and Sultani

Extraction 2 Ellujjun
Kinetic analysis 5 Ellujjun and Sultani

Drying 2 Ellujjun and Sultani

Gasification 2 Ellujjun
Process description ] —

Environmental impacts 2 Ellujjun or Sultani

Ash utilisation 3 Ellujjun

* These represent what can be traced in the oil shale literature.
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size of equipment. The latter allows for only a small amount of oil shale and

particle sizes to be used, hence, the optimal processing conditions cannot be

determined due to the system limitations. Thus the final results, as in all ex-

perimental work employing laboratory-scale devices, cannot be scaled off

and can be used only as preliminary indicators. In order to reach representa-
tive figures, applicable in the technical and economic feasibility studies, the

experiments should be conducted following the proven scientific path: first

on bench scale, then in pilot and finally semi-commercial and commercial

plants. Thus, oil shale research studies should be given a high priority and

the required support in all scientific institutions in Jordan.

Conclusion

Based on the results of preliminary analyses and experimental work of the

previously mentioned research studies about Jordanian oil shales, there are

several key points that should be studied thoroughly in order to ensure the

achievement of high source utilisation factors and energy-recovery ratios.

Consequently, only financially and environmentally feasible oil shale devel-

opments should be implemented in the future. The most important scientific

investigations and research work that should be carried out in order to sup-

port the establishment of a sustainable local 01l shale industry are those re-

lated to evaluation of deposits and mining techniques; retorting technolo-

gies; gasification processes; environmental assessments of various utilisa-

tion methods; and spent ash and water treatmentand requirement.
To sum up the contents of this article, it can be said that oil and natural

gas will remain the prime fuels used in different sectors, and these will be

major competitors to oil shale development world-wide and particularly in

Jordan. Because crude oil and petroleum products, and in the near future

natural gas, are imported and cause a heavy burden on the national econ-

omy, their long-term use as fuels for electricity generation is likely to be

discouraged. Restorable energy sources and other new fuels also have a

great potential but the related economics and technical limitations will delay
the use of such sources for many years to come. Thus, oil shale would be

left as the only option as an interim indigenous energy source in Jordan.

However, the future of oil shale utilisation does not look bright at this mo-

ment because of economic conditions, but this is expected to change in the

near future due to the increasing crude oil prices.
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