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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Coalbed methane (CBM) fields in Karaganda Coal Basin are characterized by geological and structural complexity. Majority of 

production zones have high methane content and extremely low permeability of the coal seams that lead to reservoir stimulation 

problems. In order to have a successful hydraulic fracturing program we applied integrated reservoir characterization to monitor 

key parameters. In addition to logging data, core sample analysis was applied to observe the relation between lithological 

variations found by the use of magnetic susceptibility values and permeability measurements to identify the best CBM reservoir 

candidates for hydraulic fracturing.   

 

© 2017 The Authors. Published by Elsevier Ltd. 

Peer-review under responsibility of the scientific committee of the European Geosciences Union (EGU) General Assembly 2017 

– Division Energy, Resources and the Environment (ERE). 

Keywords: Unconventional reservoir; coal; coalbed methane; Karaganda Coal Basin; hydraulic fracturing; magnetic susceptibility; permeability 

 

 
* Corresponding author. Tel.: +44-785-445-4630; 

E-mail address: aleksandr.ivakhnenko@ipetc.co.uk 

 

Available online at www.sciencedirect.com 

ScienceDirect 

Energy Procedia 00 (2017) 000–000  

www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 

Peer-review under responsibility of the scientific committee of the European Geosciences Union (EGU) General Assembly 2017 
– Division Energy, Resources and the Environment (ERE).  

European Geosciences Union General Assembly 2017, EGU 
Division Energy, Resources & Environment, ERE 

Advances in coalbed methane reservoirs integrated characterization 

and hydraulic fracturing for improved gas recovery in Karaganda 

Coal Basin, Kazakhstan 

Oleksandr Ivakhnenko
a,b,

*, Adina Aimukhan
a
, Aida Kenshimova

a
, Fandus Mullagaliyev

c
, 

Erlan Akbarov
d
, Lylia Mullagaliyeva

c
, Svetlana Kabirova

c
, Azamat Almukhametov

c
 

aDepartment of Geology & Petroleum Engineering, Kazakh-British Technical University, Almaty, Kazakhstan 
bIPEC, Edinburgh, United Kingdom  

cIndustrial Energy Alliance, Karaganda, Kazakhstan 
dTaldykuduk-Gas, Astana, Kazakhstan 

Abstract 

Coalbed methane (CBM) fields in Karaganda Coal Basin are characterized by geological and structural complexity. Majority of 

production zones have high methane content and extremely low permeability of the coal seams that lead to reservoir stimulation 

problems. In order to have a successful hydraulic fracturing program we applied integrated reservoir characterization to monitor 

key parameters. In addition to logging data, core sample analysis was applied to observe the relation between lithological 

variations found by the use of magnetic susceptibility values and permeability measurements to identify the best CBM reservoir 

candidates for hydraulic fracturing.   

 

© 2017 The Authors. Published by Elsevier Ltd. 

Peer-review under responsibility of the scientific committee of the European Geosciences Union (EGU) General Assembly 2017 

– Division Energy, Resources and the Environment (ERE). 

Keywords: Unconventional reservoir; coal; coalbed methane; Karaganda Coal Basin; hydraulic fracturing; magnetic susceptibility; permeability 

 

 
* Corresponding author. Tel.: +44-785-445-4630; 

E-mail address: aleksandr.ivakhnenko@ipetc.co.uk 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.08.161&domain=pdf


478	 Oleksandr Ivakhnenko et al. / Energy Procedia 125 (2017) 477–485
2 Ivakhnenko et al. / Energy Procedia 00 (2017) 000–000 

1. Introduction 

Coalbed methane from Karaganda coal basin is considered to be an unconventional source of energy for the 

Central and Eastern parts of Kazakhstan. These regions are situated far away from the main traditional sources of oil 

and gas related to Precaspian petroleum basin. Coalbed methane fields in Karaganda Coal Basin are characterized by 

geological and structural complexity. Majority of production zones have high methane content and extremely low 

coal permeability, which might lead to production problems in gas recovery.  

CBM reservoir stimulation choices are influenced by reservoir characteristics. Coal reservoir is not continuously 

uniform in composition, which influences heterogeneity of total organic content distribution, cleat development and 

permeability. In order to understand this complexity we applied integrated reservoir characterization using probe 

permeability measurements of unstressed core collected from the wells, magnetic susceptibility measurements, 

maceral analysis and desorption studies. We also estimated potential influence of these parameters on successful 

hydraulic fracturing. 

2. Geological background 

Republic of Kazakhstan has enormous resources of coalbed methane, which are estimated to be 2-8 trillion m
3
, 

with the main Basins: Karaganda, which has 2-4.3 trillion m
3 
of coalbed methane, Ekibastuzsky with 70 billion m

3
, 

Tengiz-Korzhunkolsky with 45 billion m
3
 and Samarskoe and Zavyalovskoe deposits.  

Karaganda Coal Basin is an asymmetrical, large, complicated syncline of a bi-systemic type, which is elongated 

in the latitudinal direction. It is characterized by high gas content. The geological structure of the Karaganda Basin is 

represented by formations of Paleozoic, Mesozoic and Cenozoic periods. Coal-bearing units of the Karaganda Coal 

Basin are related to Carboniferous and Jurassic deposits. Carboniferous coal-bearing deposits include 

Ashlyarikskaya, Karagandinskaya, Dolinskaya and Tentekskaya coal-bearing formations. Tectonically the 

Karaganda Basin is a part of Karaganda Synclinorium of a latitudinal distribution and located in the middle part of it. 

The Basin is limited by the Zhalairskyi Thrust in the South, Devonian sedimentary and volcanic rocks in the North, 

the large Tentekskaya Fault with a displacement amplitude of 4 - 5 km in the West, area of the carbon development 

is narrowed in the East Alabayskaya I Anticline and Maykudukskoe Lifting are dividing the Basin into three major 

troughs: Tchurubay-Nurynskaya, Karagandinskaya and Verhnesokurskaya (from the West to the East) [1, 2, 3, 4]. 

3. Methodology 

All substances, solids and fluids response when magnetic field is applied. Magnetic susceptibility is an 

extensively applied characteristic of a rock that describes the amount of ferromagnetic components in the formation, 

majorly magnetite. Recent studies presented possible applications of magnetic susceptibility for reservoir evaluation, 

quantifying petroleum fluids and minerals, and for prediction of important petrophysical parameters in clastic 

reservoirs [5, 6, 7, 8].  

In this study, we carried out probe measurements of magnetic susceptibility and permeability profiles for different 

CBM reservoir intervals and micro-profiling of large coal samples from the coal-bearing Basin in Karaganda, 

Kazakhstan. Magnetic susceptibility and permeability were measured at same depth points allowing correlation with 

a vertical resolution of 3-5 cm, depending on rock structure. Portable handheld air permeameter probe value is given 

as soon as the measurement is done. Magnetic susceptibility tool measures volume magnetic susceptibility of the 

rock in SI units and can operate in magnetic susceptibility variations up to 26 SI units with a measurement time as 

minimum as 0.1 s. These measurements were carried out and analyzed with respect to other core analysis results. 

The experimental results of magnetic susceptibility and permeability of formations were compared with each other 

in order to confirm the existence of the correspondence between magnetic susceptibility and permeability, when low 

MS corresponds with high permeability and vice versa. Graphs that were plotted according to the obtained results 

display relationships of magnetic susceptibility and permeability helped to characterize the coal samples precisely 

[9]. The relation between the potential production rate and type of the fractured coal interval was estimated based on 

the permeability variation in the coal sections. 
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