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Abstract

Oil shale deposit is considered as one of the fossil fuel sources in Jordan. De-
spite that, the needs of renewable energy resources become a must in Jordan.
Wadi Al-Shallala oil shale is investigated in this work for geochemical, petro-
graphic features and hydrocarbon potential as a conventional energy re-
source. Various petrographic and geochemical techniques were applied. Oil
shale resource potential is evaluated for cooling and heating Sal village hous-
es. Geothermal heat pumps, as renewable energy resource in the study area,
were simulated for comparison purposes. Results show that Calcite is the
main mineral component of oil shale. Magnesite, Ferrisilicate and Zaherite
are exhibited in the studied samples. Other trace elements of Zinc, Cobalt and
Molybdenum were presented, too. Calcium oxide of 41.01% and Silicon oxide
of 12.4% are the main oxides reflected in this oil shale. Petrographic features
of the analyzed oil shale found that the primary mineral constituent is micrit-
ic calcite, while the secondary minerals include carbonate mud and opaque
minerals. Furthermore, it’s found that total organic carbon averages 3.33%
while the total carbon content averages 20.6%. Moderate TOC values suggest
that Wadi Al-Shallala oil shale has a good source rock potential. Even though
nitrogen and sulfur are of low contents in Wadi Al-Shallala oil shale, direct
combustion of the reserve for electricity generating will increase CO, emis-
sions by 2.71 Million m’. Two systems were simulated to cover Sal village
cooling and heating demands. The conventional system is compared with
geothermal heat pumps. Geothermal heat pumps are found to save 60% of
electricity consumption in heating and 50% in cooling systems. The envi-
ronmental benefits for geothermal system implementation will be a reduction
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in energy consumption as electricity. The savings in fuel oil will be about 9.35
Million barrels. While the reduction of CO, emissions will drop to 1.5 Million
m’. Results suggest that geothermal heat pumps are the best for satisfying
cooling and heating needs in Sal village near Wadi Al-Shallala.
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Oil Shale Geochemistry and Hydrocarbon Potential, Geothermal Heat
Pumps, Cooling and Heating Systems, Wadi Al-Shallala, Jordan

1. Introduction

Conventional energy used in Jordan is the major supply source; it satisfies more
than 90% of energy demand in Jordan. One of the most important energy re-
sources in Jordan is oil shale [1]. Oil shale reserves in Jordan were evaluated re-
cently by [2] and [3]. They stated that surface and subsurface oil shale rocks in
Jordan have a considerable economic potential for Jordan. Their work focuses
on central and southern oil shale deposits in Jordan. They presented a brief cha-
racterization of four oil shale deposits. Size distribution test and elemental anal-
ysis were performed. Hydrocarbon potential evaluations of oil shale are consi-
dered as an indicator for this source potential [1]. Furthermore, oil shale evalua-
tions are of utmost importance for future utilization in Jordan. [4] suggested
several utilization methods of oil shale in Jordan and worldwide. Most of pre-
vious work evaluated Jordanian oil shale in middle and south Jordan ([1]; [2];
[3]; [4]; [5]). It has been found that oil shale is the most abundant fossil energy
resource discovered in Jordan, ranking third after the USA and Brazil in terms of
oil shale reserves [5]. In addition, it was concluded that Jordanian oil shale is
generally of a good quality, with relatively low ash and moisture contents, a
gross calorific value of 7.5 MJ/kg, and a wide range of oil yield of 3% to 12% [5].
Oil shale in north Jordan has very limited evaluation studies. Therefore, this
work will evaluate heat potential of oil shale in Wadi Al-Shallala in north Jordan.

On the other hand, the increasing demands of environmentally friendly ener-
gy resources convert the attention to other renewable resources. One of the
newest renewable energies in Jordan is geothermal energy ([6]; [7]; [8]). Shallow
geothermal energy resources are rather used in Jordan [7]. It can utilize the sub-
surface temperature as it differs from air temperature. Thus, it would be an en-
vironmental and sustain heat exchanger. The ground can be utilized as heat
source in winter and cool source in summer. Thus, unlike other energy re-
sources that require advanced technical setups, geothermal energy exploits the
natural heat (and cool) from the earth. In order to extract this energy a closed
loop of horizontal installed pipes, which filled with heat carrier fluid inside, is
circulating in subsurface. This circulation is responsible for heat transfer from/to
the subsurface to/from buildings systems, where a heat pump is often applied
[9]. Closed loop geothermal system for nearby village of Wadi Al Shallala is
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modeled. Sal is located to the east of Irbid city. Its area is about 9 square kilome-
ters with a population of about 12,000 per capita. 2270 houses were considered
for their cooling and heating demands in this study. Consequently, this work
aims at highlighting the possible energy sources in Wadi Al-Shallala. In parallel
with the oil shale, geothermal resource is evaluated for prospective energy pro-
duction. The possibility of supplying buildings with heat and cool is evaluated.
Oil shale is suggested as the first energy supplier, electricity form. Shallow geo-
thermal heat pumps with closed loop are simulated as the second energy suppli-
er. Thus, potential evaluations were calculated for both resources in Wadi
Al-Shallala and Sal village.

There is a need and an opportunity for targeted potential energy utilization
that support research which connects energy resources development and the
available infrastructure. On the other hand, an increased necessity for support-
ing work that focuses specifically on addressing important gaps in understand-
ing the social, economic and environmental implications of expanding alterna-
tive energy systems. The literature was reviewed to identify potential knowledge
gaps. This will suggest an immediate path forward: the interpretation of the na-
tional literature for the Jordanian energy context. In addition, a key challenge for
policy makers and researchers is to understand and acknowledge what we know
about the impacts of alternative energy systems and which of those gaps require
attention. This will lead to looking for immediate research opportunities: the in-
terpretation of the national literature for the energy context to best identify
knowledge, and relevant experiences and cases. Therefore, the present work ad-

dressing to fill potential knowledge gaps in energy utilization in Jordan.

2. Geologic Settings

Wadi Al Shallala is located in north Jordan about 12 kilometers northeast of Irbid
City and 5 kilometers northwest of A-Ramtha City. It has 19 km long extension in
SE-NW direction (Figure 1). Wadi Al Shallala covers an area of around 500 km*
as a part of Yarmouk River Basin [10]. The upper 10 m thickness, from around 40
m total thickness in the valley, is investigated in this work. The coordinates of the
outcrop are (32°35'28"N) (35°57'46"E). Most of the oil shale is overburden under
and intercalated chert, limestone and chalk. Oil shale in Wadi Al-Shallala located
at the upper one third part of Muwaqqar Chalk Marl formation.

Wadi Al-Shallala Oil Shale is of Late Cretaceous (Maastrichtion) to early Ter-
tiary age. It was deposited in an open, normal marine environment [11]. The
study area is covered by Balqa Group including the following formations (Figure
1): Muwaqqar Chalk Marl (MCM), Umm Rijam Chert Limestone (URC) and
Wadi Al-Shallala Chalk Formation (WSC). MCM is soft, thick-bedded
chalky-marl with chalky limestone of 120 to 320 m thickness. Nodules of micro-
crystalline limestone and chert, planktonic and benthic foraminifera are com-
mon. MCM is of Maastrichtian to Paleocene age [11]. URC of 220 m thick con-

sists of marly chalk, white limestone with bituminous limestone and
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Figure 1. Geologic map and geologic cross section of the study area (after [11] & [12]).

chert. It’s of Lower-Middle Eocene age [12]. WSC Formation is 100 m thick of
Middle to Upper Eocene age. It consists mainly of chalk, marl and micritic li-

mestone [13].

3. Methodology
3.1. 0il Shale Characterization

Thirty oil shale samples had been collected vertically along the outcrop. The
samples, for technical circumstances, were collected at 20 - 50 cm in depth, as
fresh as possible. The lower sample was at an elevation of 429 m (above sea lev-
el). The samples were collected apart 25 cm from each other. Each sample was
approximately 500 gm. The sampling was in summer, at June, thus the samples
had a little amount of humidity. The samples were air dried and packed in plas-
tic bags in the field. The sample then had been prepared in the lab for each test
independently. Investigated oil shale samples were prepared in the lab to be ex-
amined for its chemical composition, mineral constituents and carbon potential.
The following analyses were performed; 1) Elemental Analysis (EA), 2) X-Ray
Diffraction (XRD), 3) X-Ray Fluorescence (XRF), 4) Scanning Electron Micro-
scope (SEM) and 5) Polarized Light Microscopy Analysis of Thin Section.

The analyses were carried out as follows:

1) Elemental Analyzer is used to measure carbon content of the studied sam-
ples. The sample is pulverized and chemically treated with hot diluted 20% HCL
to remove its inorganic carbon in the form of carbon dioxides CO,. After that,
the sample is washed free of HCL solution, filtered and collected in a specified
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bag then sent to Elemental Analyzer. Organic carbon combustion products of
the sample are catalytically converted to CO, and measured by Elemental Ana-
lyzer [14]. In addition to the organic carbon content, nitrogen, hydrogen and
sulfur constituents for organic compounds were measured, too. Total carbon
content (TCC) was measured for the examined samples, on 63 pum grained size,
using the calcimetry method [15]. Total organic carbon (TOC %) was calculated

as illustrated in Equation (1) below;

TOC% = [%}XIOO% (1)
W

where:

OC = Organic Carbon (g)

W = Dry sample analysis (g)

Improving the sensitivity of analysis method with using a wide range of ref-
erence standard for calibration curve determination has been developed [16].

2) X-Ray Diffraction is an atomic plane used for phase identification of crys-
talline material in order to obtain detailed information about their structure
samples. Each sample has been grinded to (75 pm) size. The powdered samples
were packed into a cavity at a flat surface on the backside of the XRD sample
holder.XRD measurements were performed in a Shimadzu Lab X, XRD-6000
X-ray diffractometer using Cu KL2,3 (al,2) radiation (A = 1.5418A, 40 kV) and
it ranges from (2° to 80") 26 with a step size of 0.05° 26. The assignment of the
minerals was based on the database of the Joint Committee Powder Diffraction
Standards-International Centre for Diffraction Data (JCPDS-ICDD) [17].

3) X-Ray fluorescence is applied to determine the major oxides (SiO,, AL,O,,
Fe,0,, MgO, Ca0, Na,0, K,0, TiO,, P,O,, SO, and MnO) in the studies oil shale
samples. This method provides a comparable accuracy for analysis of oil shale.
Inter element and matrix effects are treated by different methods; matrix
matching of samples and standards (dilution by lithium tetra borate Li,B,O,)
and mathematical corrections during data export have been implemented. Au-
tomatic fusion technique, for presenting the best homogeneity samples, has been
applied. Thus, the examined samples were milled to give a flat surface. The
powder reduces particle size effect. The samples then pressed into pellets for best
handling fusion with a suitable flux of glass-like beads. This is the best practice
for eliminating errors with materials which exhibit varying mineralogical com-
position [18].

4) Scanning Electron Microscope had scanned the oil shale samples with a
focused beam of electrons. The Elemental composition of fine to microscopic
particles or regions on a surface of samples are analyzed using an energy disper-
sive x-ray spectrometer (EDS) attached to the SEM. Samples have to be prepared
to withstand the vacuum conditions and high energy beam of electrons. The
examined sample has to be of a specific size fits on the specimen stage. Samples
should be mounted to a specimen holder or stub using a conductive adhesive
[19].
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5) Polarized Light Microscopy Analysis of Thin Sections was conducted under
polarizing microscope. They had been investigated with two light positions;
plane polarized light and crossed polar light with two polarizing filters at the
right angle are installed. Thin section s are pre-prepared at 30 ym + 5 um thin

slice of shale slab, having at least one glass slide glued to one of its sides with

epoxy.

3.2. Hydrocarbon Potential of Oil Shale Comparing with
Geothermal Potential in the Study Area

On the other hand, a suggested geothermal heat pumps for cooling and heating
houses in Sal village, the nearest urban area to Wadi Al-Shallala, were modeled.
Information about the subsurface temperature distribution in the study area is
very limited. One subsurface temperature survey was conducted in central Jor-
dan (about 200 km south to the study area) by [20]. Thus, an initial surface
temperature distribution was estimated at 20°C. The basal heat flow rate is 95
m-W-m™ according to global heat flow data base [21]. Thermal conductivity of
the subsurface is given from previous work as 2.36 £ 0.32 W-m "K' [22]. Com-
paring with available modeled subsurface temperature eastern to the study area
[7] and the geothermal gradient in the study area [23] a temperature of 22° was
assigned to subsurface in Wadi Al-Shallala. To bring this temperature distribu-
tion into reality, a comparison with the nearest wells subsurface temperature has
been done. Available data was match with the modeled temperature [24]. Shal-
low geothermal closed loop heat pump system was simulated for its cooling and
heating potential. Different scenarios were applied dependent on the intake flow
rate and system capacity for the suggested heat pumps.

For comparison purposes, oil shale reserve in the study area was estimated.
Oil shale heat potential was calculated from oil shale reserve. The average or-
ganic matter content is then converted to energy (ie; electricity). This amount
of energy was modeled for supplying houses with cooling and heating. The two

energy types were compared in terms of their supply potential in the study area.

4. Results and Discussion
4.1. Oil Shale Characterization

4.1.1. Elemental Analyzer (EA) Results

Total Organic Carbon (TOC) is relatively low to moderate in the studied sam-
ples. It ranges between (1.297% and 4.616%) with an average of 3.33%, this is
considered as a good hydrocarbon generating potential [25]. Total Carbon Con-
tent averages 20.6% and ranges between (10.95% and 27.72%). Hydrocarbon
potential could not be generated without originally enough organic matter con-
tent in the depositional environment. Therefore, the drop in TCC may be as a
result of early organic matter loss at early stages of genesis. The plankton-
ic/benthic ratio exhibits some fluctuations in the oil shale TOC probably as a
consequence of relative sea-level changes. This method can be used as a quantit-

ative method to calculate paleo depth based on a formula [26]. Low abundance
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of plankton in some samples can be associated with relative sea-level drop down.
The decrease in abundance of planktonic foraminifera (52% and 68% in samples
16 and 22, respectively) indicated the presence of shallower environments. Such
environments provide more than 50% increase in oxygen. Consequently, this
will lead to decline in organic matter accumulation due to aerobic biodegrada-
tion [27]. On the other hand, the samples revealed low quantities of sulfur and
nitrogen as well. The average sulfur content in the examined samples is 3.5%

while the average nitrogen is 1.5%.

4.1.2. X-Ray Diffraction (XRD) Results
XRD analysis of the oil shale indicates that the major mineral constituent is cal-
cite. The maximum peak of calcite appears at the d-spacing = 3.02 A (26 =
29.24). Trace constituents of Magnesite (Mg,(CO,),), Ferrisilicite (FeSi) and Za-
herite Al,,(SO,)s(OH),, are presented, too. In addition, other rare elements are
exhibited; Gupeiite (Fe,Si), Cobalt Oxide (CoO), Magnesium Oxide (MgO), Stil-
lite (ZnSe), Cobalt Nitride (Co,;N,) and Molybdenum disilicide (MoSi,). XRD
pattern for one sample is shown below at Figure 2.

Most of the indicated minerals have not been reported from this area so far. A
comparison between other Jordanian oil shale [28] and Wadi Al-Shallala oil

shale is performed in Table 1.
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Figure 2. XRD results of the main mineral components of oil shale.

Table 1. Mineral components of the studied Oil shale compared with other oil shale in

Jordan.
Wadi Al-Shallala Sultani El-Lajjun Attarat Um Ghudran Siwaqa
Calcite Quartz Quartz Calcite Calcite
Magnesite Clay Kaolinite Quartz Quartz
Ferrsilicite Apatite Apatite Apatite
Zaherite Smectite
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4.1.3. X-Ray Fluorescence (XRF) Results

The X-ray fluorescence (XRF) analyses show the presence of 41.01% CaO and
12.4% SiO,. In addition, high percentage of L.O.I with mean a value of 40.34%
was obtained.

Loss on ignition in oil shale depends on the content of moisture organic mat-
ter, carbonate and volatile components mainly sulfur (although SO, of the stu-
died samples are higher than other Jordanian oil shale). Such lost occur after the
samples exposure to a strong heating during the analysis.

According to [28] the percentage of SiO, is low in Wadi Al-Shallala compar-
ing to the high percentages in El-Lajjun and Attarat Um Ghudran. In contrast,
CaO % is of high percentage in Wadi Al-Shallala much more than in El-Lajjun
and Attarat Um Ghudran. This is proven by XRD results were Calcite occupied
the highest mineral component in the studied samples comparing with other
Jordanian oil shale. The remaining oxides are within the average values of oil
shale in Jordan (Table 2).

4.1.4. Scanning Electron Microscope (SEM) Results

SEM results of oil shale indicate that the highest element content is for Ca aver-
ages 31.68%. The average oxygen content is 39.16% and average carbon is
22.77%, indicate calcite mineral as the main component of this oil shale. In addi-
tion, Si averages 4.31%, S averages 1%, Al averages 0.7 and Mg averages 0.4% in
the studied samples. Figure 3 is SEM analysis results of one sample (No. 2) di-

rected the mentioned elements above.

Table 2. Wadi Al-Shallala oil shale chemical composition compared with other oil shale

in Jordan.

Major oxides Wadi Al-Shallala Attarat Um Ghudran El-Lajjun
SiO, % 12.4 23 16.13
TiO, % 0.0435 0.2 0.16
ALO, % 1.92 2.7 3.77
Fe,0, % 0.835 0.9 1.55
MnO % 0.006 - 0.01
MgO % 0.81 - 0.65
CaO % 41.01 25.6 30.43
Na,0 % - 1.1 0.1
K,0 % 0.305 0.3 0
P,0; % 1.265 2.4 33
SO; % 0.075 4 4.83
LOI % 40.34 - 38.13
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Figure 3. Chemical composition of oil shale in sample 2 from Wadi Al-Shallala area in
SEM/EDS analysis.

4.1.5. Polarized Light Microscopy Analysis of Thin Sections

The microscopic analysis of oil shale reveals that the primary mineral consists
mainly of micritic calcite, while the secondary minerals include carbonate mud
and opaque minerals. Calcite, as the major component of the studied samples,
occurs as original matrix made up of microcrystalline calcite crystals (micritic
and bio-micritic limestone). The sample contains foraminifera filled with mi-
crocrystalline calcite crystals. Carbonate mud presented as fine-grained dark
brown of micritic calcite. Its presence in clay size cannot be identified by simple
polarizing microscopes. In addition, oil shale consist opaque minerals as earthy

brown iron oxides and sometimes as small sub rounded dark crystals (Plate 1).

4.2. Comparison between 0Oil Shale and Geothermal Potentials for
Cooling and Heating Utilization in Sal Village

4.2.1. Oil Shale Resource Potential

Oil shale reserve in the study area was estimated for the current comparative
study. It has been found that this oil shale thickness averages 40 m [25]. Thus, oil
shale reserve is calculated to be about 35.8 Million Ton considering that oil shale
density is 1.79 g/cm’, using suggested formula by [29] in multiplying the three
parameters together. Daily consumption for air condition cooling for each house
in the study area is 5.25 KWh [30]. In the study area, the needs for cooling is 3
months a year, thus the annual energy consumption for cooling is 472.5 KWh.
The annual energy consumption for cooling for the 2270 houses in Sal is 1.073
GWh. On the other hand, the daily consumption for air condition heating for
each house in the study area is 5.45 KWh [30]. In the study area, the needs for
cooling is 3 months a year, thus the annual energy consumption for cooling is
490.5 KWh. The annual energy consumption for cooling for the 2270 houses in
Sal is 1.113 GWh. Consequently, the annual energy consumption for cooling and

heating Sal houses is 2.186 GWh which can be covered by direct burning of oil
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Plate 1. Oil shale under microscope in Plane Polarized Light position (sample 1).

shale. [30] stated that burning one ton of oil shale with 3.33% organic matter will
produce 297.2 KWh of electricity. The extracted energy from burning the whole
estimated reserve of 35.8 Million Ton is calculated to be 10,639.8 GWh. For this
cooling and heating air conditions, oil shale reserve could supply the village with
electricity for more than 200 years.

In addition, another cooling and heating system is suggested; heat pumps
(Figure 4). They are essential in modern heating and cooling of residential
spaces. Cooling and heating capacities is satisfied by electricity (from burning oil
shale) and geothermal system closed loop coupling.

In order to model the possible intake flow rates of different houses cooling
and heating capacities, three scenarios were assumed for system simulation Ze.;
50, 100 and 200 m*/d. In these scenarios the annual cooling and heating capacity
for Sal houses were calculated. The capacities were converted to GWh assuming
6 daily operational hours in each season. It has been found that oil shale reserve
will supply Sal village with cooling and heating in 35, 18 and 9 years for intake
flow rate of 50, 100 and 200 m*/d, respectively. The direct use of oil shale reserve
will equivalent to burn about 17 Million oil barrels. This will release 2.71 Million
m’ of CO,. Therefore, another clean and sustainable energy resource is eva-

luated. Geothermal heat pumps in closed system are suggested.

4.2.2. Geothermal Resource Potential Calculation

As stated earlier in the methodology, subsurface temperature for shallow closed
loop system was modeled to be 22° at about 150 m depth. This depth with as-
signed temperature will be the heat storage in the suggested closed loop system
for the annual cooling and heating supply. The system will use the differences
between subsurface and air temperature for satisfying cooling and heating needs.
Geothermal system will reduce the electricity consumption by decreasing the
temperature differences in the electrical operated systems. Heat pumps are es-
sential in modern heating and cooling of residential spaces. Using geothermal
energy sources for heating or cooling makes heat pumps a highly sustainable

component of air conditioning systems around the world.
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Figure 4. Schematic diagram of closed loop heat pump system.

In summer a reversed process is operated. The subsurface temperature is low-
er than air temperature. Average room temperature will be 28°, the liquid used
in this system will have the same temperature as the surrounding air. This liquid
is pumped into pipes. Pipes loop underground will receive this warm fluid. Heat
exchange between this fluid and the surrounding subsurface temperature (22°) is
developed. Cold liquid is pumped back to the infrastructure and reach the heat
pump. The compressors supplied by heat pumps will decrease the temperature
from 22° to 16°. Cool is pushed by fans out to the houses to decrease room tem-
perature.

In winter subsurface temperature is higher than air temperature. Average
room temperature will be 10°, the liquid used in this system have the same tem-
perature as the surrounding air. This liquid is pumped into pipes. A horizontal
loop of pipes underground will receive this cold fluid. Heat exchange between
this fluid and the surrounding subsurface temperature (22°) is developed.
Heated liquid is pumped back to the infrastructure and reach the heat pump.
The temperature is increased from 22° to 30°. Heat is pushed by fans out to the
houses to increase room temperature. In order to model the possible intake flow
rates of different houses cooling and heating capacities, three scenarios were si-
mulated for heat pumps system ie; 50, 100 and 200 m*/d. Annual cooling and
heating energy consumptions compared with the annual geothermal heat pumps

energy consumptions are listed in Table 3. Comparing the annual cooling/heating
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Table 3. Annual cooling and heating energy electric consumptions scenarios (GWh).

Intake Annual cooling energy Annual heating Annual Annual
flow rate consumption energy consumption cooling energy heating energy
(m*day) (geothermal heat pump) (geothermal heat pump) consumption consumption

50 60.2 80.2 200.5 120.3
100 120.3 160.4 401.0 240.6
200 240.6 320.8 802.0 481.2

energy consumption with the annual cooling/heating geothermal heat pumps
consumption, it has been found that geothermal heat pumps save 60% of elec-
tricity consumption in heating and 50% in cooling systems (Table 3).

The environmental benefits from geothermal system implementation will be a
reduction in energy consumption as electricity and fuel oil through the replace-
ment of the conventional systems. The savings in fuel oil will be about 9.35 Mil-
lion barrels. While the reduction of CO, emotions will be dropped to 1.5 Million
m’. Generally the environmental impacts of geothermal power generation and
direct use are minor, controllable and negligible. Despite the reduction of geo-
thermal resources emissions, local environmental impacts should be considered

especially on long run operation.

5. Conclusion

Oil shale in Wadi Al-Shallala is investigated into its minerals, chemical composi-
tion and hydrocarbon potential. It is found that Calcite is the main mineral con-
stituents. Some other Magnesite, Ferrisilicate and Zaherite are presented, too.
Trace elements of Zinc, Cobalt and Molybdenum were exhibited in the ex-
amined samples. Calcium oxide and Silicon oxide were composed of 53.41% of
the studied oil shale. In parallel with that, Calcium, Oxygen, Carbon and Silicon
were indicated by SEM results. In addition, the microscopic analysis of oil shale
reveals that the primary mineral consists of micritic calcite, while the secondary
minerals include carbonate mud and opaque minerals. It’s found that total or-
ganic carbon averages 3.33% while total carbon content averages 20.6%. Low
sulfur contents are noticed in the examined oil shale. Oil shale reserve is esti-
mated to be 35.8 Million Ton. For a nearby Sal village of 2270 houses, assuming
direct burning of oil shale, two cooling and heating facilities were evaluated for
their energy consumption. Oil shale resource will cover the village cooling and
heating demands with generated electricity for more than 200 years if the system
is air conditions. Another modern system, heat pumps, is simulated for cooling
and heating supply, too. With these pumps, it has been found that oil shale re-
serve will supply the village with cooling and heating in 35, 18 and 9 years de-
pendent on the intake flow rates of 50, 100 and 200 m?/d, respectively. Oil shale
reserve burning will release 2.71 Million m® of CO,. Therefore, another renewa-
ble energy resource is suggested. Geothermal heat pump system for shallow

closed loop is simulated. Geothermal heat pumps are found to save 60% of elec-
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tricity consumption in heating and 50% in cooling systems. This will reduce CO,
emissions to 1.5 Million m®. Consequently, geothermal energy offers considera-

ble advantages rather than conventional oil shale potential.
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