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ABSTRACT The Zonguldak hardcoal basin, located on the Western Black Sea coast of 
Turkey, is the only hard coal basin in the country. The seams in the area are extremely gassy 
and coal mines have experienced a number of methane outbursts and explosions that have 
caused loss of life and property. In addition to the safety risk, methane emissions from the 
existing mines in the basin are a significant source of greenhouse gases (GHG) and their 
reduction and control is a major environmental concern. Therefore, extraction of methane 
from the coal seams in the basin can be a solution to both carbon management and safety 
performance, providing at the same time a clean energy source for the country. Developing 
methane recovery technologies, before and/or during the mining cycle, requires sound 
engineering practices to realize the environmental and safety benefits.  

The aim of this study, sponsored by the United States Environmental Protection Agency 
(USEPA), is to investigate various options for the capture of coal mine methane in Zonguldak 
basin. The Amasra coal field, which is located in the eastern part of the basin, was chosen as 
the study area since there are mining activities in the region both by public and private sector 
companies. Hema Enerji A.S, a private company, has been developing a new underground 
coal mine in the region and the modeled coal seam in this study pertains to one of the panels 
under development by the company. The coal seam is at -420 m level and its thickness is 
around 4 m. An advanced general equation-of-state compositional simulator, Computer 
Modeling Group’s GEM, was used to model methane capturing options, including pre-mining 
and mine level degasification techniques for methane recovery. The results will help to 
determine the most effective degasification techniques for this particular area. 
 
 
1 INTRODUCTION 

Methane (CH4) present in coal seams, which 
is generally known as Coal Bed Methane 
(CBM) is a powerful greenhouse gas in 
addition to a safety hazard for underground 
coal mining. The Intergovernmental Panel 
on Climate Change (IPCC) reported that it is 
25 times more potent than carbon dioxide 
(CO2) over a 100- year period (IPCC, 2007). 

In addition, methane from coal seams has 
been considered as an energy source as it is 
the primary constituent of natural gas. In this 
respect, methane drainage from coal seams 
(i.e. coal degasification) and utilization of 
methane have gained importance in the last 
decades. When burned, methane is converted 
into water and CO2, and thus its greenhouse 
gas (GHG) effect is significantly reduced.   
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Currently, there are many countries in the 
world employing coal degasification 
techniques in underground coal mines to 
enhance mine safety and utilize the extracted 
methane as an energy source, thus reducing 
its impact as a GHG. Among them, the USA, 
Australia, Canada, China and India 
are leaders in terms of methane extraction 
and use as they have significant coal 
production.  

Methane drainage is an effective way of 
removing the gas contained in a coal seam. 
The operations may be conducted from 
either surface or underground. It is stated 
that the mines employing methane drainage 
reported the capture of 50-60% of the face 
emissions. Moreover, methane emissions 
from underground coal mines could be 
reduced by approximately 60% by methane 
drainage (Tien, 2000). 

According to Biothermica (2010) 
Ventilation Air Methane (VAM) emissions 
of the countries having significant coal 
production has reached 283 million tons of 
CO2e. Therefore, countries have been 
expending significant efforts to reduce 
methane emissions from underground coal 
mines via methane drainage techniques and 
other alternatives such as VAM utilization.  

Turkey is an important coal producer 
within the region where it is located with a 
total of 72.6 million tons of coal production 
in 2011. The vast majority of lignite reserves 
in Turkey (70 million tons) are mined by 
surface mining. Hard coal reserves, proven 
1.31 billion tons, are only available in the 
Zonguldak basin where underground mining 
has been employed to mine gassy coal 
seams. The many explosions that have 
occurred throughout the basin’s history attest 
to the fact that the coal seams in the region 
are very gassy. 

Methane drainage is mandatory by law in 
Turkey for underground coal mines for 
safety reasons. However, the methane 
drained is diluted by mine air and discharged 
through mine ventilation shafts. Therefore, 
even though the coal seams are degasified no 
GHG reduction is achieved. As of today, 
there is no known underground coal mine in 

Turkey which utilizes methane capture via 
drainage for further use. 

This study aims at modeling the 
degasification alternatives for an 
underground coal mine under development 
in the Zonguldak basin and to determine the 
most effective degasification technique. The 
Amasra coal field was chosen as the study 
area since Hema Enerji A.S. signed a 
contract with Turkish Hardcoal Enterprise 
(TTK) in 2005 to produce coal and 
associated coalbed methane in the Amasra 
region. The company has been developing a 
new underground coal mine in the Amasra 
region. The modeled panel is at -420 level 
and the thickness of the coal seam is around 
4m. An advanced general equation-of-state 
compositional simulator, GEM, was used to 
model methane capturing options, including 
pre-mining and mine level degasification 
techniques for methane recovery. It is 
believed that the results of this study will 
help to determine the most effective 
degasification techniques for this particular 
area and give insights to future work. 

2. METHANE DRAINAGE 

Methane drainage is method of removing the 
gas contained in the coal seam and 
surrounding strata by the application of 
suction through wellbores, drillholes and 
pipelines to prevent gas entering the 
ventilation system (Mutmansky, 1997). Prior 
to the introduction of degasification 
technology, controlling methane in 
underground coal mines was traditionally 
performed using well-designed ventilation 
systems with dilution as the primary 
engineering control. However, this task is 
difficult to achieve economically in modern 
coal mines. In addition, methane is a major 
greenhouse gas, thus releasing methane into 
the atmosphere can contribute to global 
warming. Therefore, many mines are now 
utilizing methane drainage systems to extract 
much of the coalbed methane from coal 
seams before or during mining, hence 
reducing the ventilation cost, reducing the 
development costs of the mine as well as 
reducing greenhouse gas emissions. Even 



1675

23rd International Mining Congress & Exhibition of Turkey • 16-19 April 2013 ANTALYA

though there are various applications 
methane drainage techniques can be broadly 
classified into five categories: 

 

 Vertical wells 
 Horizontal in-seam boreholes  
 Cross-measure boreholes 
 Gob wells 
 Surface to ins-seam wells 

2.1 Vertical Wells 

These are the vertical holes drilled from the 
surface to the virgin areas of the coal 
seam(s). Hydraulic fracturing is usually 
employed to increase the permeability of the 
seam and thus to increase the production. 
Such wells can recover high-quality gas 
from the coal seam and the surrounding 
strata, usually 50% to 90% of the gas content 
of the coal (USEPA, 1999). Vertical wells 
can be applied to multiple coal seams 
simultaneously and provide the most 
consistent supply of high-quality gas and 
thus are superior to other common drainage 
methods.  

2.2 Horizontal In-seam Boreholes 

In this technique, long horizontal holes are 
drilled into the coal seam from the mine 
workings (Figure 1). Horizontal in-seam 
boreholes drain the methane from the 
unmined areas of the coal seam shortly 
before mining. Short drainage periods reduce 
the efficiency of the technique. Methane 
recovery is usually 10% to 20% but the gas 

 Figure 1. Horizontal boreholes in a two- 
entry retreating longwall (McPherson, 1993). 

quality is high. Therefore, the technique is 
usually preferred in coal seams having high 
gas contents but low permeabilities. A gas 
transmission line and a vertical borehole are 
utilized to transport the methane to the 
surface. 

2.3 Cross-measure Boreholes 

These boreholes are usually used where the 
depth of the coal seam precludes the drilling 
of drainage holes from surface (Figure 2). 
They are drilled at an angle to the strata, 
normally from existing mine entries. The 
capture efficiencies of such boreholes range 
from 20% to 70% (Mutmansky, 1997). 
Cross-measure boreholes can be drilled into 
the roof and, if necessary, also the floor 
strata. It is a preferred and successfully 
employed degasification method in Eastern 
Europe. 

2.4 Gob Wells 

If vertical wells are drilled into the gob then 
they are called gob wells. Such wells are 
used to remove the gas accumulated within 
the gob area after the mining has caved the 
overlying strata. Gob wells can recover 30% 
to 70 % of methane emissions depending on 
the geologic conditions. However, this 
degasification technique lacks consistently 
high gas content and it has a relatively short 
production life. Hence, gob wells can 
contribute to mine safety and productivity 
but not to as significantly to greenhouse gas 
emissions reduction.  

Figure 2. Cross-measure boreholes in an 
advanced longwall panel (McPherson, 
1993). 
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2.5 Surface to In-Seam Wells 

Surface to in-seam (SIS) wells are drilled 
from the surface vertically until the seam is 
intersected, at which point the hole is turned 
into the seam for horizontal drilling.  
Depending upon well spacing and patterns 
they have high gas recoveries.  However, 
larger drilling rigs and highly skilled 
operators are generally required.  Often more 
than one hole is drilled.  For instance a 
larger hole with a sump is often drilled to 
intersect the surface to in-seam well, and this 
hole is used to produce gas. 

3. FIELD DESCRIPTION 

The Amasra coalfield is one of the three 
main districts of Zonguldak Hardcoal basin. 
It is located on the north eastern part of the 
basin (Figure 3.) 

 

Figure 3. Location map of Zonguldak 
Hardcoal Basin including the major districts 
(modified after Gurdal and Yalcin, 2001). 

3.1 Geology and the Coal Seams 

Hema Enerji A.S., after signing a contract 
with TTK in 2005, drilled 50 boreholes 
(46000 m in total) between 2006 and 2011 in 
the region for geologic characterization and 
seam correlation. Another 134 boreholes had 
already been drilled by Mineral Research 
and Exploration of Turkey between 1956 
and 2000.  These data were used to 
characterize the area. 

In the Amasra coal field, the most ancient 
Paleozoic aged rocks are present in Yilanli 
formation on which the coal-containing 
formations - Alacaagzi, Kozlu and Karadon - 
lie. The Namurian aged Alacaagzi formation 
contains thin coal seams. The Westphalian A 
deltaic unit, Kozlu formation, is mainly 
composed of sandy lithology and bears most 
of the coal seams as in the other parts of the 
basin. As a result of seam correlation studies 
performed by Hema A.S., it was determined 
that the Kozlu Formation contains seven 
coal seams whereas six coal seams are 
available in the Westphalian B-D unit, 
Karadon formation. The thicknesses of the 
individual coal seams in Kozlu and Karadon 
Formations range between 0.78 to 2.10 m 
and 1.10 and 2.90 m, respectively. However, 
some of the coal seams combine together 
and reveal larger thicknesses throughout the 
field. The coal seams in both of the units are 
suitable for coal mining. Indeed, the coal 
production in the region has been conducted 
only on coal seams in the Kozlu and 
Karadon formation. There are many geologic 
anomalies in the region, such as faults which 
make mining difficult. As a result of 
geologic characterization studies it was 
determined that the study field is divided 
into two by a central fault as East (including 
the Southeast Field) and West Fields. Figure 
4 presents the major faults in the region as 
well as driven shafts and panels designed for 
coal production by the longwall mining 
method.  

The panel (D122) to be modeled in this 
study lies within the West field and contains 
a coal seam belonging to the Karadon 
formation (the shaded one shown in Figure 
4). The panel is designed to be formed 
between the levels of -403 and -439m. The 
length of the panel is 1384 m and the 
average thickness of the coal seam is 3.96 m. 
The total coal reserves in the panel are 
1081258 t. The ranges of coal properties 
within the panel determined from the 
boreholes are presented in Table 1.  
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Table 1. Ranges of coal properties. 

Moisture (%) 0.9-6.0 
Ash (%) 6.5-30.0 
Volatile Matter (%) 29.0-34.0 
Fixed Carbon (%) 51.0-60.0 
Net Calorific Value (kcal/kg) 6180-7330 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Map showing the locations of shafts, designed panels and fault zones within the 

study field (no scale) 
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3.2 Mine Planning and Development 

Hema Enerji A.S has been developing a new, 
fully mechanized underground coal mine in 
Amasra. For this purpose, the company has 
sunk three shafts in the region (Figure 4) and 
then started to develop the main roadways 
with net cross-sections between 24 to 30 m2.  

Based on the obtained seam contour and 
thickness data, the development plans have 
been prepared for four seams in the West 
Field, four seams in the East Field, and two 
seams in the South East Field (Figure 4).  
The company is planning to apply fully 
mechanized retreat longwall mining and to 
produce 5 million tons of coal annually. The 
total reserves in the coalfield was determined 
as 265.01 Mt (164.23Mt probable and 
100.78 Mt proved) with a marketable reserve 
of 80.5 Mt. 

4. MODELLING OF DEGASIFICATION 
OPTIONS 

4.1 Modeling Parameters 

An advanced general equation-of-state 
compositional simulator, Computer 
Modeling Group’s GEM, was used to model 
methane capturing options for the mine. 

 

Modeling inputs consists of measured 
values, where available, and/or calculated 
values (Table 2). As evident in Table 2, most 
of the obtained inputs are measured values 
which would make modeling work more 
accurate. 

The adsorption isotherm constructed for 
the coal sample and the calculated reservoir 
pressure for the coal reservoir (panel) are 
shown in Figure 5. This data implies that the 
panel to be modeled is undersaturated, where 
actual gas contents are less than expected 
from reservoir pressure. Accordingly, the 
critical desorption pressure was found as 
2850 kPa. Hence, the reservoir pressure 
should be dropped from 3631 to 2850 kPa 
for gas to be desorbed from the coal matrix. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Constructed Langmuir isotherm 
and initial reservoir conditions. 

Table 2. Values of parameters used in modeling. 

Parameter Value Source 

Depth (m) 818 Measured 

Coal thickness (m) 3.96 Measured 

Coal density (g/cc) 1.43 Measured 

Porosity (%) 8.76 Measured 

Gas content (m3/t) (as received) 4.79 Measured 

Pressure gradient (kPa/m) 2.24 Calculated 

Matrix permeability (mD) 0.00012 Wight, 2010 

Cleat permeability (mD) 7.70 Measured 

Water saturation (%) 40 Calculated 

Reservoir pressure (kPa) 3631 Calculated 

Temperature (°C) 31.3 Calculated 

Langmuir pressure (kPa) 2770 Measured 

Langmuir volume (m3/t) (as received) 9.47 Measured 

Sorption time (day) 10.5 Measured 
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4.1 Modeled Well Geometry 

The common Surface to In-Seam (SIS) well 
geometry used in CBM operations includes 
the single-lateral, dual-lateral, trilateral, 
quadlateral and pinnate (fishbone) patterns. 
This study mainly aimed at placing a vertical 
well from the surface towards the coal panel 
with horizontal branches spreading out along 
the reservoir. Furthermore, the modeling of 
in-seam horizontal drilling was also 
investigated separately as an alternative.  

Figure 6 presents the considered models 
for SIS wells for the study field containing 
single lateral, dual lateral, trilateral and 
pinnate well patterns. A quadrilateral pattern 
is not considered in modeling work as it was 
considered that there is not enough space in 
the panel.  

The total in-seam lengths of SIS well 
patterns are 1100m, 2300m, 3400m and 
1950m for single lateral,

dual-lateral, tri-lateral and pinnate patterns, 
respectively. 

The well geometry that can be utilized in a 
panel is indeed endless. However, individual 
panels might need specific design 
considerations depending on the physical 
properties of the panel and the coal seam 
along with degasification time. In this 
regard, the considered horizontal in-seam 
well geometries for this study include wells 
parallel to the longwall face, in the North-
South direction, perpendicular to the 
longwall face in the East-West direction, in             
a V-pattern and in a Turkey foot pattern. The 
modeled patterns are presented in Figure 7. 
The total lengths of horizontal in-seam well 
patterns are 930m, 860m, 890m, 1621m and 
2413m for wells parallel to the longwall 
face, in N-S direction, in E-W direction, V-
pattern and turkey foot pattern, respectively. 
The distance between the individual drill 
holes is 300m.  
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          (c)                        (d) 

Figure 6. Modeled well geometries: (a) Single lateral, (b) Dual-lateral, (c) Tri-lateral, (d) 
Pinnate and (The scale shown in (a) is same for the other patterns). 
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(e) 

 

Figure 7. Modeled geometries for horizontal in-seam wells (a) Parallel to longwall face,       
(b) in N-S direction, (c) in E-W direction, (d) V-pattern and (e) Turkey foot pattern (The scale 
shown in (a) is same for the other patterns). 
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5. RESULTS AND DISCUSSION 

Modeling runs were performed for each 
surface to in-seam well pattern using the 
parameters given in Table 2 and 
comparisons were made among patterns 
considering the cumulative methane 
production. The modeling period for each 
alternative is one year. Furthermore, the 
results of modeling for horizontal in-seam 
patterns were evaluated separately. 
 Gas-in-place calculations were made 
volumetrically by using Equation 1 to 
estimate the amount of gas readily available 
in the coal panel before the gas production. 
This equation takes both the gas readily 
available in fractures and in pores of the 
internal coal structure into account. 
 

 

                      (1) 

 

 

where Gi stands for gas-in-place (scf), A for 
area (a f for effective cleat porosity 
(fraction), Swfi for water saturation (fraction), 
Bgi for gas formation factor (scf/rcf), Cgi for 

c 
for coal density (g/cc), fa for average weight 
fraction of ash and fm for average weight 
fraction for moisture. The gas-in-place 
calculation performed for the D122 panel 
revealed that the amount of gas available in 
the panel is 11,999,447 m3.  
 Figure 8 presents the modeling results for 
surface to in-seam wells considered in this 
study. As seen in the figure the highest 
cumulative production is achieved via a 
trilateral well pattern. The total production 
with this pattern is estimated as 7.48 million 
m3. However, the difference between the 
cumulative production that would be 
achieved by a dual-lateral and a trilateral 
pattern is minimal. The modeling work 
yielded a cumulative production of 7.30 
million m3 for a dual-lateral well pattern. 
The results indicate that if such patterns are 
used for the panel the gas recoveries at the 
end of one year would be 62% and 61% for 
trilateral and dual-lateral well patterns, 
respectively.  

 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
Figure 8. Cumulative production curves for surface to in-seam well patterns.

The single-lateral and pinnate well patterns 
yielded lower production. This is indeed 
expected for single-lateral well pattern as 
does not access as much of the panel. It is 
considered that the pinnate pattern did not 
yield a good result since the pattern does not 

extend beyond the effective area of the well 
along the panel and reach to the areas where 
there is still gas to be drained. Although the 
cumulative productions for single-lateral 
(6.14 million m3) and pinnate pattern (6.50 
million m3) are not as high as the other two 
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scenarios they are still in acceptable levels. 
The yielded gas recoveries of these patterns 
are 51% for the single-lateral and 54% for 
the pinnate well pattern. 

 Figure 9 shows the cumulative 
production curves of different horizontal in-
seam well patterns modeled for the panel 
concerned. As shown in the figure, all the 
well patterns yielded cumulative productions 
close to each other. It seems that the highest 
recovery would be achieved with the turkey 
foot pattern, 73%, which would produce 
8.81 million m3 of gas. It is considered that 
the turkey foot pattern yielded the highest 
cumulative production as it extends through 
the panel, providing the most thorough 
coverage. 

The modeling results revealed that the 
cumulative productions prior to mining that 
would be achieved by the V-pattern, the 
wells in N-S, E-W direction and the wells 
parallel to the longwall face are 8.58, 8.31, 
8.34 and 8.23 million m3, respectively. 
These productions correspond to gas 
recoveries of 71%, 69%, 70% and 69% at 
the end of one year, respectively. It might 
not be possible to reach these results due to 
commencing mining operations. Assuming a 
daily advance of 8-10m/day and that the 
headgate and the tailgate are driven 
simultaneously due to spontaneous 
combustion risk the panel would be mined 
out in about 140 to 170 days. Thus, the gas 

production via horizontal in-seam wells is 
limited with this period. Then, the 
cumulative productions with the horizontal 
in-seam well patterns would be 6.01, 6.19, 
6.23, 6.67 and 6.96 million m3 for the wells 
parallel to the longwall face, the wells in N-
S direction, the wells in E-W direction, the 
wells in V-pattern and turkey foot pattern, 
respectively. Moreover, the associated 
recoveries would be 50%, 52%, 52%, 56% 
and 58%, respectively.   
 The modeling results showed that the 
horizontal in-seam wells would be more 
effective than surface to horizontal in-seam 
wells for the panel considered in this study 
in terms of cumulative production. 
Moreover, in-seam lengths of these wells are 
shorter than those of the surface to in-seam 
well patterns which is also beneficial in 
terms of drilling cost. The modeled patterns 
for in-seam horizontal wells yielded very 
close results in terms of cumulative 
production and recovery. Therefore, it would 
be optimal to choose the pattern with the 
shortest in-seam length. Therefore, either 
wells parallel to longwall face, wells in N-S 
or E-W direction could be chosen as the in-
seam lengths of these patterns are almost 
half, even one third of those of V and turkey 
foot patterns. 
 

 

 

Figure 9. Cumulative production curves for horizontal in-seam well patterns. 
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6. CONCLUSIONS 

This study mainly aims at the modeling of 
degasification options for one of the panels 
of a newly developed underground coal mine 
in the Amasra region in Zonguldak, Turkey. 
For this purpose, several well patterns 
including surface to in-seam (SIS) wells as 
well as horizontal in-seam patterns were 
modeled in GEM for a period of one year to 
determine which well geometry is useful for 
the mine. The modeled well geometries 
were; single lateral, dual lateral, trilateral 
and pinnate patterns for SIS and wells 
parallel to longwall face, in North-South 
direction, in East-West direction, in V-
pattern and in Turkey foot pattern for 
horizontal in-seam wells.  
 The trilateral well pattern yielded the best 
results among the modeled SIS well patterns 
with a cumulative production of 7.48 million 
m3 of methane and a recovery of 62%. 
However, the in-seam length of this pattern 
is almost 50% higher than that of the dual 
lateral pattern even though the gas 
recoveries are comparable for each option. 
Accordingly, it is concluded that the dual-
lateral well pattern would be more suitable 
among the other SIS well alternatives.  
 Among the modeled horizontal in-seam 
well patterns, the turkey foot pattern yielded 
the best result with a cumulative production 
of 6.98 million m3 and a recovery of 58% in 
a three-month period. However, the other 
well patterns are also favorable in terms of 
in-seam drilling length (almost one third of 
turkey foot pattern) with almost the same 
recoveries (between 50% and 56%). 
Therefore, it is concluded that any of these 
three patterns could be used in the panel for 
degasification purposes.  
 The modeling results showed that the 
horizontal in-seam wells would yield better 
results than the SIS well patterns for the 
panel both in terms of cumulative gas 
production and recoveries. Moreover, they 
are also favorable in terms of in-seam 
drilling lengths. However, the pattern to be 
used in a specific mine environment for 
degasification purposes ultimately depends 
on technical, economic and safety 
requirements. For the specific mine 

environment studied in this study, we 
concluded that there is no immediate need 
for using the SIS wells prior to mining 
considering that the gas content of the coal 
within the panel is relatively low. Thus, 
utilizing horizontal in-seam wells would be 
more beneficial for the panel both 
technically and economically.   
 Unlike other studies, most of the data used 
in this study to model the various 
degasification options for one of the panels 
of Amasra mine is measured. Therefore, it is 
believed that the study might be a reference 
study for further studies concerning the 
Amasra coal field.  
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ABSTRACT The development of Renewable Energy Sources (RES) has an active role on a 
local dimension in the achievement of sustainability objectives and targets. A RES-based 
energy model implies decentralization of energy production and consumption and the use of 
widely-diffused energy resources. This paper argues that the nature and direction of linkages 
between geology, environment and economy regard the effects of environmental management 
in the energy sector and their activities in sectors highly dependent on environmental quality. 
RES, such as geothermal energy (GE), offer an affordable solution for medium and long term 
consumer safety and environmental protection in Romania. GE, its importance regarding not 
only geological and economical aspects, but also the political, legal, environmental, social 
and cultural issues are to be taken into consideration while speaking of the environmental and 
economic benefits it carries.

Our case study concerns a sector of the western margin of the Apuseni Mountains, at their 

contact with the Pannonian Basin. These main Romanian geothermal resources are located in 

fissured collectors (Triassic limestone and dolomite) belonging to the Carpathian Inner 

Dacides, more precisely to the Codru Nappes System. Such rocks now form the basement of 

e geothermal features are related to the peculiar nature of Earth 

crust. For the last couple of decades, the geothermal water is used for heating the settlements 

from the neighboring area. The thermal used water will soon be re-injected underground, in 

rocks of similar age. This paper will also discuss several economic data related to the net 

benefits issued. 
 
1 INTRODUCTION 

The worldwide energy consumption 

nowadays is becoming very demanding. 

Today more than 90 % of energy 

consumption is derived from nuclear and 

fossil fuels. Fossil fuels are known to be 

both contributors to the greenhouse effect as 

polluting technologies, becoming therefore 

energy sources which are neither sustainable 

nor renewable and will eventually be 

depleted. 

A Renewable Energy Sources (RES)-

based energy model implies decentralization 

of energy production and consumption and 

the use of widely-diffused energy resources. 

RES contribute to the energy markets, but 

these are usually dependent on weather 

conditions, have low installed capacity per 

unit and high costs. Yet, there is a renewable 

energy source that does not share these 

features and has more potential than nuclear 

energy and all the fossil fuels together (oil, 

coal and gas): geothermal energy (GE), heat 

from the earth. GE can be found all over the 

world, however, many requirements to 
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harness this energy cost-effectively makes it 

feasible only in a few places in the world. 

The thermal energy can be used directly or 

converted into power by means of many 

different processes depending on the 

temperature of the source. We shall refer in 

this paper to the direct use of GE. 

The geothermal resources can give an 

answer for the increasing demand of energy 

in southwestern Europe. Romania bears 

several areas with high potential for low 

enthalpy geothermal waters, the most 

outstanding being the northwestern region of 

the country.  
This work also investigates whether 

geothermal energy is a mature, reliable and 
profitable technology by discussing several 
economic data related to the net benefits 
issued. 

2 FRAMEWORK OF GEOTHERMAL 
ENERGY 

The nature and direction of linkages 

between geology, environment and economy 

regard the effects of environmental 

management in the energy sector and their 

activities in sectors highly dependent on 

environmental quality. RES, such as 

geothermal energy (GE), offer an affordable 

solution for medium and long term consumer 

safety and environmental protection in 

Romania. 

Thus, GE, its importance regarding not 

only geological and economical aspects, but 

also political, legal, environmental, social 

and cultural issues are to be taken into 

consideration while speaking of the 

environmental and economic benefits it 

carries. In the world scenario, energy 

consumption is projected to increase about 

57 % by 2025. Despite the large potential of 

GE, it only supplies 0.4 % of the world's 

energy demands (Verdejo, 2010). The 

dependence on fossil fuels of our society, the 

consideration that they are not the proper 

solution for actual and future energy 

demands and the fact that these will be 

depleted is obvious. The demand and supply 

situation nowadays is such that very soon all 

the energy that can be obtained from all 

available sources (including renewable) will 

need to be harnessed. RES are receiving 

increasing attention with the shift in attitude 

towards the world’s natural resources, while 

proving to be a sustainable, a reliable and an 

economical way of delivering the electrical, 

thermal and/or chemical energy that 

economies and individuals require for 

maintenance. 

The use of renewable energy in geology, 

economy and ecology has shown a 

remarkable resilience to changes in the 

environment, being one of the major targets, 

worldwide. However, all the natural changes 

in our environment occurred over extended 

periods of time and affected the human 

population while affording them a large 

natural buffer to adapt to, in close relation to 

available natural resources. The adoption of 

renewable energy resources implies the need 

for careful consideration of their relationship 

with the territory and the local scale 

(Bagliani et al., 2010).  

The nature and direction of linkages 

between the geology, the economy and the 

environment regard the effects of 

environmental management and their 

activities in sectors highly dependent on 

environmental quality. An integrated 

environmental policymaking and 

management framework concerning the 

tasks of a shared global ecosystem is 

necessary to fully acknowledge and 

highlight the inborn trade-off between 

geology, economy and environment. Within 

globalization, environmental quality can be 

achieved through the strengthening of 

environmental management by improving 

capacities in government to manage 

economic affairs (Baumgärtner et al., 2008; 

Berger, 2008). It can lead to increased 

incomes, which in turn can lead to 
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governmental revenues for social and 

environmental programs, and to an 

increasing international trade in resources 

(Negucioiu & Petrescu, 2006). 

While there has been wide acceptance of 

the global agreements and strong compliance 

with them, a global cooperation mechanism 

for solving environmental problems through 

demonstrating the ability of markets to 

respond to global environmental problems 

has been defined (Speth, 2006). Many 

environmental problems now extend well 

beyond the local level, sometimes even 

threatening our planet’s life-support systems. 

An integrated environmental policymaking 

and management framework concerning the 

tasks of a shared global ecosystem consists 

of the exploration for geothermal resources 

(Clapp & Dauvergne, 2005). Within this 

broad framework, the practical application of 

thermal water resources is being pointed out 

in boreholes drilled over the territory of 

Romania. 

3 NORTHWESTERN ROMANIA: 
BEIU  AREA 

3.1  Geological setting 

The whole northwestern region of 

Romania concerns geological structures 

related to Alpine history, i.e. the Carpathian 

Inner Dacides split by post-tectonic 

1984). The Inner Dacides (ID; also known as 

Apusenides, sensu Balintoni, 1997) 

comprise a succession of several nappes 

named from base to top: Bihor Unit (BU), 

Codru (CNS) and Biharia (BNS) Nappes 

Systems (Balintoni, 1997; 

2002; Balintoni et al., 2002).  

BU, the basal term of the ID has an old 

metamorphic and magmatic basement 

overlain by Upper Paleozoic (Permian) and 

Mesozoic sedimentary rocks. 

CNS is involving mainly Permian-

Mesozoic sedimentary covers, but there is 

however, a single exception that concerns 

-Ferice Nappe, which has also 

metamorphic basement.  

BNS, which in the uppermost level, 

comprises metamorphic deposits in large 

dominance. 

The nappes overthrust occurred in late 

Cretaceous, more precisely in Turonian 

overthrusts, major part of the carbonate 

Mesozoic rocks of the CNS were faulted and 

fissured.   

During Cenozoic, more exactly starting 

with Middle Miocene (Badenian), the ID 

were fragmented by several sedimentary 

basins, the largest one being the great 

Pannonian Basin. In Romania, it only occurs 

in the easternmost margin, but it extends 

towards Apuseni Mountains by several 

smaller Neogene sedimentary basins, as 

-

succession of depressions that split the 

Apuseni Mountains.  

Since long time ago the unusual high heat 

flow in this region was reported, with an 

average value of 96mW/m2 (Paraschiv & 

Cristian, 1973), the gradients ranging from 

25 to 70 0C by far exceeding the ones of 

other sedimentary basins (Allen & Allen, 

1990; Knut, 2010). The thermal features of 

this region are nothing else but the heritage 

of the Badenian extension episode from the 

Pannonian Basin that produced the rise of 

the molten mantle below the thinned 

continental-type crust (Huismans et al., 

2002). In fact, recent views are proposing a 

more gradate structural pattern, referring to 

molten astenosphere sandwiched between 

the crust and deep (over 400 km in depth) 

former sunken cold materials/slabs (Ren et 

al., 2012). This peculiar geological context is 

responsible not only for heating the 

Pannonian Basin, but also the western 

margin of the Apuseni Mountains and the 

adjacent Neogene sedimentary basins.  
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The basement of the Beiu

basin consists of deposits belonging to CNS, 

-Ferice Nappe. 

Inside this nappe, the majority of 

sedimentary rocks are Triassic (Bleahu et al., 

1981), a large part of them being limestone 

and dolomite (Bleahu et al., 1994). These 

fissured carbonate rocks are forming 

excellent reservoirs for geothermal waters.  

Therefore, in the last decades four 

boreholes were drilled in this area, in order 

to investigate the geothermal potential of the 

Triassic reservoirs. Three of them are located 

in , whil

city, in southeastern direction, but for 

instance it is not used for geothermal water 

extraction. In as targeted, two wells 

serve for the exploitation of geothermal 

waters (3001H, 3003H) while the other one 

(3004H) will soon serve to the re-injection 

of the used thermal water. The water 

extraction is done with submersible pumps. 

Until now, the outputs are around 40 l/s. The 

temperatures recorded at the well heads are 

70 0C at well 3003H and 84 0C at 3001H. 

This difference occurs as a consequence of 

the deeper position of the Triassic reservoir 

in 3003H than in 3001H.  

no tendencies in forming carbonate scale. 

Therefore, there are not recorded scale 

obturations of the outdoor equipment and the 

geothermal water does not need any 

chemical treatment before the heat 

extraction, as it happens in other geothermal 

fields from western Romania, as the ones 

. This peculiar 

feature allows decreasing the costs for 

extraction and use.             
 
3.1.1 Economic assumptions 
The call for a sustainable development of 

economic growth in the parameters of a 

protected environment was born out of 

conflicting realities. While, on one hand, 

economic expansion is crucial to attack the 

problem of widespread poverty, on the other 

hand, environmental quality has been 

deteriorating as economic activity expanded 

(Iancu, 1979). 

While analysing market-based instruments 

(MBIs), several economic data related to the 

net benefits issued were obtained. MBIs are 

often defined, such as in the Oxford 

Reference Dictionary, as “instruments or 

regulations that encourage behavior through 

market signals rather than through explicit 

 These policy instruments, MBIs, 

such as environmental taxes, tradable permit 

systems or targeted subsidies, are a cost-

effective way to protect and improve the 

environment and are often described as 

 they 

encourage firms (and/or individuals) to 

undertake control efforts that are gaining 

acceptance as important policy mechanisms 

for achieving environmental protection goals 

(Weale et al., 2003). 

As already mentioned GE can be used 

directly or converted into power by means of 

many different processes depending on the 

temperature of the source. We shall refer in 

this paper to the direct use of GE. 

All market players, like the municipalities, 

citizens and enterprises, will have a relevant 

net benefit, out of the net present value of 

the projects implemented for district heating 

. The pillar in our 

area of concern, the northwestern part of 

Romania, is In regard to the analyzed 

period 2008-2011,  supplies a revenue 

of 7163025.06 RON (2126599.49 $ 

respectively 1622319.00 €, calculated at the 

parity on the 3th January 2013), from a 

production of 56,536.835 Gcal respectively 

1181352.66 m3 (Table 1.). 
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Table 1. Quantity and value summary, Beiu

2008-2011 

No. Year Gcal m
3 

Total 

revenues 

(US$) 

1 2008 12,592.045 250,532.300 455899.1 

2 2009 13836.31 296848.36 523346.9 

3 2010 14,641.53 301,921.00 551971.6 

4 2011 15,466.95 332,051.00 595381.9 

Total 56,536.835 1181352.66 2126599.49 
 

4 CONCLUSIONS 

Renewable Energy Sources, such as 

geothermal energy, offer an affordable 

solution for medium and long term consumer 

safety and environmental protection in 

Romania. The development of Renewable 

Energy Sources has an active role on a local 

dimension in the achievement of 

sustainability objectives and targets. The 

feasibility of supplying energy by means of 

geothermal energy in an ecological, 

sustainable, reliable, renewable and even 

profitable way is the topic of this work. 

Despite the large potential of geothermal 

energy it only supplies 0.4 % of the world's 

energy demands. It is an important task for 

us to promote geothermal energy, its various 

applications, and several geological, 

environmental and economic benefits it 

carries. 

Understanding sustainability as a 

multidimensional concept (geologic, 

economic, ecological/environmental and 

social) based on maintaining development 

potential for future generations (

), 

economic growth will not been seen 

anymore as the ultimate answer to 

distributional conflicts within and between 

generations. Within this broad framework, 

the practical application of thermal water 

resources analysed over the territory of 

northwestern part of the country. 

The geological potential of the Triassic 

reservoirs is promising, especially if the re-

injection of the thermal used water will 

succeed in the next future. However, a lot of 

details as the clear origin of waters and their 

balance of heat, as well as their movement 

inside the fissured reservoirs, remain to be 

established by future studies. The actual data 

concerning these aspects are rather 

speculative (

more evidence. 

The environmental sustainability in terms 

of economic benefits is considered to be 

high when the local geothermal energy 

resources in the operating district heating 

at small scale and their feasibility has been 

analysed for years, and is well known. While 

the average capacity installed is up to 20.33 

MWth, the average annual energy used is 

108.22 TJ/y. 

We find ourselves often faced with the 

question of how geology, ecology and 

economics interrelate. The way to be walked 

is the one worth walking on: it is full of 

challenges; it supports the conviction of 

economic growth taking into consideration 

environmental protection and scientists are 

contributing for the whole and welfare of 

humankind through power of judgment. 
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