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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 

Ventilation is one of the most energy demanding parts of deep underground mining operations due to the extensive amounts of 
energy needed to cool (or heat) the substantial amount of air flow in underground workings. This considerable amount of energy 
demand can be partially satisfied by extracting renewable energies or using alternative energy solutions available at mine sites. In 
Canada, some mining operations have the opportunity to create a Seasonal Thermal Energy Storage (STES) unit by blowing mine 
intake air through large volumes of rock mass dumped in a decommissioned pit. This technique allows for creation of the so-
called “Natural Heat Exchanger (NHE)” which moderates seasonal air temperature oscillations. This paper signifies a novel heat 
transfer model for performance assessment of a NHE system. It investigates the potential for energy savings by implementation 
of variable number and position of ventilation trenches in underground mines. In this regard, a 3-D heat transfer model is 
developed to evaluate the thermal storage and the heat transfer between broken rock mass and ventilated air flow and also to 
specify how design parameters such as position and number of ventilation trenches will affect the heat transfer performance as 
well as the total energy savings. The results of this study show that NHE can be applied in thermal management of underground 
mines with the aim of decreasing energy consumption for heating, cooling and ventilation purposes. 
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Nomenclature  
Abbreviations: 
TES  Thermal Energy Storage 
STES  Seasonal Thermal Energy Storage 
LTNE Local Thermal Non-Equilibrium 
UDF user-defined functions 
NHE  Natural Heat Exchanger 

Symbols: 
f fluid phase 
s solid phase 
ρ density 
u fluid velocity 
p pressure 
ε porosity 
μ dynamic viscosity of the fluid 
cp specific heat 
k thermal conductivity 
T temperature 

1. Introduction 

The industrial sector consumes about 37% of the world’s total delivered energy and among them, mining industry 
contributes about 9% [1]. Within mining activities, ventilation is one of the most energy demanding parts of deep 
underground mining operations. This energy demand can be partially fulfilled by deploying the renewable energies 
or using alternative energy solutions available at mine sites. Thermal energy storage (TES) systems are one these 
solutions which fall will within three main categories including sensible heat storage systems, latent heat storage 
systems and thermochemical storage systems. The selection of the TES systems mostly depends on the storage 
period required (i.e. short-term vs. long-term), availability of the medium, operating conditions, purpose of projects, 
etc. In recent years, TES systems come out to be one of the most attractive thermal applications [2]. Sensible heat 
storage generally utilizes rock beds or water tanks or aquifers as a storage medium and is available for short-term 
and long-term storage. In these systems heat/cold energy mostly is stored by increasing/decreasing the storage 
medium temperature [3, 4]. Some mining operations (e.g. Creighton and Kidd Creek mines in Canada) have the 
great opportunity to make use of the enormous mass of their fragmented waste rock as an immense seasonal thermal 
energy storage (STES) unit with the purpose of creating a unique type of heat exchanger; namely “Natural Heat 
Exchanger”. In this type of heat exchanger, fresh air is passed through the huge body of broken rocks dumped in to 
an open pit. The heat exchange between the waste rocks and the fresh air will lead to considerable decrease in 
ventilation costs in these mines [4-6]. Very limited studies [2, 4] have focused on the 3D analysis of heat transfer 
and fluid flow in the rockpit STES. Numerous computer programs have been developed to investigate the flow of 
compressible and incompressible fluids through strata [7, 8]. Most of these programs are based upon the porous 
media concept in which it is assumed that any one stratum contains evenly distributed interconnected pores [8-10]. 
An extensive study of fluid flow and heat transfer in porous media was undertaken by Whitaker [11], Vafai and Tien 
[12] and Ghoreishi-Madiseh et al. [2, 4, 13]. Limited number of research work, most important of them [5, 9], have 
been dedicated to the study of heat transfer in large scale thermal energy storage systems for mine ventilation 
purposes. The empirical approach suggested by Sylvester [9] can be used to estimate the heat storage capacity of 
Creighton mine rock-pit. Afterward, Schafrik [14] developed a numerical simulation model for Creighton mine and 
aimed to validate its results in laboratory scale. To overcome such limitations, researchers have proposed using 3D 
models capable of simulating heat transfer and fluid flow in the large scale Se-TES units [2, 9, 14]. 

To conclude, there is a fundamental need for a generally applicable engineering design method based on which 
the thermal energy storage capacity of rock mass of any mine can be assessed. The main aims of this paper are (i) 
developed a 3D transient mathematical model of fluid flow and heat transfer of STES; (ii) quantitatively compared 
the effect of position and number of ventilation trenches on outlet air temperature as well as total energy savings. 

2. Model description 

Here, a 3D model of the rockpit - a large mass of fragmented rock - for STES system of Creighton mine in 
Canada is proposed. This rockpit model is assumed to be placed over a cone-shaped mine pit which is 697 (m) in 
diameter and 330 (m) deep. Filling the pit with waste rocks has created a porous rockpit mass. The thickness of the 
rockpit mass at its very bottom is 133 (m). This porous medium is accessed from the underground through trenches. 
These trenches are connected to mine ventilation shaft(s) where ventilation fans will continuously move fresh air 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.12.096&domain=pdf


	 Leyla Amiri  et al. / Energy Procedia 142 (2017) 576–581� 577
 

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 9th International Conference on Applied Energy.  

9th International Conference on Applied Energy, ICAE2017, 21-24 August 2017, Cardiff, UK 

Evaluation of Heat Transfer Performance between Rock and Air in 
Seasonal Thermal Energy Storage Unit 

Leyla Amiria, Seyed Ali Ghoreishi-Madisehb,*, Agus P. Sasmitoa, Ferri P. Hassania 

aDepartment of Mining and Material Engineering, McGill University, Montreal, Quebec, Canada 
bNBK Institute of Mining, University of British Columbia, Vancouver, British Columbia, Canada 

Abstract 

Ventilation is one of the most energy demanding parts of deep underground mining operations due to the extensive amounts of 
energy needed to cool (or heat) the substantial amount of air flow in underground workings. This considerable amount of energy 
demand can be partially satisfied by extracting renewable energies or using alternative energy solutions available at mine sites. In 
Canada, some mining operations have the opportunity to create a Seasonal Thermal Energy Storage (STES) unit by blowing mine 
intake air through large volumes of rock mass dumped in a decommissioned pit. This technique allows for creation of the so-
called “Natural Heat Exchanger (NHE)” which moderates seasonal air temperature oscillations. This paper signifies a novel heat 
transfer model for performance assessment of a NHE system. It investigates the potential for energy savings by implementation 
of variable number and position of ventilation trenches in underground mines. In this regard, a 3-D heat transfer model is 
developed to evaluate the thermal storage and the heat transfer between broken rock mass and ventilated air flow and also to 
specify how design parameters such as position and number of ventilation trenches will affect the heat transfer performance as 
well as the total energy savings. The results of this study show that NHE can be applied in thermal management of underground 
mines with the aim of decreasing energy consumption for heating, cooling and ventilation purposes. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy. 

Keywords: Seasonal thermal energy storage (STES); Natural Heat Exchanger (NHE); Mine ventilation; Porous medium; Energy efficiency  

 
 
 
 

 

 
* Corresponding author. Tel.: +1-604-827-2028 

E-mail address: ali.madiseh@ubc.ca 

 

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 9th International Conference on Applied Energy.  

9th International Conference on Applied Energy, ICAE2017, 21-24 August 2017, Cardiff, UK 

Evaluation of Heat Transfer Performance between Rock and Air in 
Seasonal Thermal Energy Storage Unit 

Leyla Amiria, Seyed Ali Ghoreishi-Madisehb,*, Agus P. Sasmitoa, Ferri P. Hassania 

aDepartment of Mining and Material Engineering, McGill University, Montreal, Quebec, Canada 
bNBK Institute of Mining, University of British Columbia, Vancouver, British Columbia, Canada 

Abstract 

Ventilation is one of the most energy demanding parts of deep underground mining operations due to the extensive amounts of 
energy needed to cool (or heat) the substantial amount of air flow in underground workings. This considerable amount of energy 
demand can be partially satisfied by extracting renewable energies or using alternative energy solutions available at mine sites. In 
Canada, some mining operations have the opportunity to create a Seasonal Thermal Energy Storage (STES) unit by blowing mine 
intake air through large volumes of rock mass dumped in a decommissioned pit. This technique allows for creation of the so-
called “Natural Heat Exchanger (NHE)” which moderates seasonal air temperature oscillations. This paper signifies a novel heat 
transfer model for performance assessment of a NHE system. It investigates the potential for energy savings by implementation 
of variable number and position of ventilation trenches in underground mines. In this regard, a 3-D heat transfer model is 
developed to evaluate the thermal storage and the heat transfer between broken rock mass and ventilated air flow and also to 
specify how design parameters such as position and number of ventilation trenches will affect the heat transfer performance as 
well as the total energy savings. The results of this study show that NHE can be applied in thermal management of underground 
mines with the aim of decreasing energy consumption for heating, cooling and ventilation purposes. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy. 

Keywords: Seasonal thermal energy storage (STES); Natural Heat Exchanger (NHE); Mine ventilation; Porous medium; Energy efficiency  

 
 
 
 

 

 
* Corresponding author. Tel.: +1-604-827-2028 

E-mail address: ali.madiseh@ubc.ca 

2 Author name / Energy Procedia 00 (2017) 000–000 

Nomenclature  
Abbreviations: 
TES  Thermal Energy Storage 
STES  Seasonal Thermal Energy Storage 
LTNE Local Thermal Non-Equilibrium 
UDF user-defined functions 
NHE  Natural Heat Exchanger 

Symbols: 
f fluid phase 
s solid phase 
ρ density 
u fluid velocity 
p pressure 
ε porosity 
μ dynamic viscosity of the fluid 
cp specific heat 
k thermal conductivity 
T temperature 

1. Introduction 

The industrial sector consumes about 37% of the world’s total delivered energy and among them, mining industry 
contributes about 9% [1]. Within mining activities, ventilation is one of the most energy demanding parts of deep 
underground mining operations. This energy demand can be partially fulfilled by deploying the renewable energies 
or using alternative energy solutions available at mine sites. Thermal energy storage (TES) systems are one these 
solutions which fall will within three main categories including sensible heat storage systems, latent heat storage 
systems and thermochemical storage systems. The selection of the TES systems mostly depends on the storage 
period required (i.e. short-term vs. long-term), availability of the medium, operating conditions, purpose of projects, 
etc. In recent years, TES systems come out to be one of the most attractive thermal applications [2]. Sensible heat 
storage generally utilizes rock beds or water tanks or aquifers as a storage medium and is available for short-term 
and long-term storage. In these systems heat/cold energy mostly is stored by increasing/decreasing the storage 
medium temperature [3, 4]. Some mining operations (e.g. Creighton and Kidd Creek mines in Canada) have the 
great opportunity to make use of the enormous mass of their fragmented waste rock as an immense seasonal thermal 
energy storage (STES) unit with the purpose of creating a unique type of heat exchanger; namely “Natural Heat 
Exchanger”. In this type of heat exchanger, fresh air is passed through the huge body of broken rocks dumped in to 
an open pit. The heat exchange between the waste rocks and the fresh air will lead to considerable decrease in 
ventilation costs in these mines [4-6]. Very limited studies [2, 4] have focused on the 3D analysis of heat transfer 
and fluid flow in the rockpit STES. Numerous computer programs have been developed to investigate the flow of 
compressible and incompressible fluids through strata [7, 8]. Most of these programs are based upon the porous 
media concept in which it is assumed that any one stratum contains evenly distributed interconnected pores [8-10]. 
An extensive study of fluid flow and heat transfer in porous media was undertaken by Whitaker [11], Vafai and Tien 
[12] and Ghoreishi-Madiseh et al. [2, 4, 13]. Limited number of research work, most important of them [5, 9], have 
been dedicated to the study of heat transfer in large scale thermal energy storage systems for mine ventilation 
purposes. The empirical approach suggested by Sylvester [9] can be used to estimate the heat storage capacity of 
Creighton mine rock-pit. Afterward, Schafrik [14] developed a numerical simulation model for Creighton mine and 
aimed to validate its results in laboratory scale. To overcome such limitations, researchers have proposed using 3D 
models capable of simulating heat transfer and fluid flow in the large scale Se-TES units [2, 9, 14]. 

To conclude, there is a fundamental need for a generally applicable engineering design method based on which 
the thermal energy storage capacity of rock mass of any mine can be assessed. The main aims of this paper are (i) 
developed a 3D transient mathematical model of fluid flow and heat transfer of STES; (ii) quantitatively compared 
the effect of position and number of ventilation trenches on outlet air temperature as well as total energy savings. 

2. Model description 

Here, a 3D model of the rockpit - a large mass of fragmented rock - for STES system of Creighton mine in 
Canada is proposed. This rockpit model is assumed to be placed over a cone-shaped mine pit which is 697 (m) in 
diameter and 330 (m) deep. Filling the pit with waste rocks has created a porous rockpit mass. The thickness of the 
rockpit mass at its very bottom is 133 (m). This porous medium is accessed from the underground through trenches. 
These trenches are connected to mine ventilation shaft(s) where ventilation fans will continuously move fresh air 



Download	English	Version:

https://daneshyari.com/en/article/7917509

Download	Persian	Version:

https://daneshyari.com/article/7917509

Daneshyari.com

https://daneshyari.com/en/article/7917509
https://daneshyari.com/article/7917509
https://daneshyari.com/

