
Article Not peer-reviewed version

Examining the Feasibility of Mine

Thermal Energy Storage (MTES) in Glace

Bay, Nova Scotia

Sara Sohrabikhah and Larry Hughes *

Posted Date: 24 July 2025

doi: 10.20944/preprints202507.2091.v1

Keywords: mine thermal energy storage; abandoned mines; district heating; renewable energy integration;

Nova Scotia

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/145711


 

 

Article 

Examining the Feasibility of Mine Thermal Energy 

Storage (MTES) in Glace Bay, Nova Scotia 

Sara Sohrabikhah and Larry Hughes *  

Department of Electrical and Computer Engineering, Dalhousie University, Halifax, NS B3H 4R2, Canada 

* Correspondence: larry.hughes@dal.ca; Tel.: +1-902-240-0245 

Abstract 

Mine Thermal Energy Storage (MTES) offers a promising solution for sustainable heating by 

repurposing abandoned, water-filled mines as underground thermal reservoirs. This study assesses 

the feasibility of implementing MTES in Nova Scotia, with a focus on the Sydney Coalfield region, 

particularly Glace Bay. The research combines geological analysis, residential heat demand 

estimation, thermal storage capacity estimation, and cost-benefit evaluation to determine whether 

abandoned coal mines can support district heating applications. Results show that MTES can deliver 

substantial heating cost reductions compared to oil-based systems, while significantly lowering 

greenhouse gas emissions. The study also explores the integration of MTES with local renewable 

energy sources, including wind and solar, to enhance energy system flexibility and reliability. 

International case studies from Springhill (Canada), Heerlen (Netherlands), and Bochum (Germany) 

are analyzed to illustrate the scalability, performance, and operational challenges of MTES systems. 

Key technical barriers—such as water quality management, infrastructure investment, and seasonal 

variability in heat demand—are discussed. Overall, the findings highlight MTES as a viable and 

sustainable energy storage approach for Nova Scotia and other regions with legacy mining 

infrastructure. 

Keywords: mine thermal energy storage; abandoned mines; district heating; renewable energy 

integration; Nova Scotia 

 

1. Introduction 

The global shift toward low-carbon and sustainable energy systems has become a critical priority 

as governments, industries, and communities respond to the dual challenges of climate change and 

fossil fuel dependency. Thermal Energy Storage (TES) systems have emerged as key enablers of 

renewable energy integration, providing the flexibility to match intermittent energy generation with 

variable demand. TES can improve energy efficiency, stabilize grid operations, and enable sector 

coupling between power, heating, and industrial applications [1]. Among various TES approaches, 

Mine Thermal Energy Storage (MTES) is a novel and increasingly recognized strategy that utilizes 

abandoned, water-filled mines as large-scale underground thermal reservoirs [2]. 

MTES systems are particularly promising in post-mining regions where extensive subsurface 

infrastructure remains unused. These flooded mines provide naturally insulated environments 

capable of storing significant volumes of thermal energy with minimal surface disturbance. In 

contrast to conventional above-ground TES systems that often require substantial land, construction, 

and material inputs, MTES takes advantage of existing geological voids and hydraulic connectivity 

within mine networks. This allows for cost-effective, low-carbon heating solutions at the community 

or district scale [3]. Importantly, MTES enables seasonal heat storage—absorbing and storing excess 

heat during summer or off-peak periods and extracting it in winter when heating demand peaks. 

In cold-climate regions such as Canada, seasonal imbalance between heating needs and 

renewable energy supply presents a significant challenge. Wind and solar power generation are 

variable and often out of phase with thermal demand. MTES offers a practical pathway to mitigate 
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this mismatch by capturing surplus renewable or waste heat and using it to heat residential, 

commercial, or industrial buildings during colder months [4]. Heat extraction is typically achieved 

via open- or closed-loop well systems connected to heat exchangers and high-efficiency heat pumps. 

Figure 1 illustrates the basic configuration of a mine water geothermal system, where heated or 

cooled mine water is circulated between underground reservoirs and surface heat exchange systems.  

 

Figure 1. Overview Diagram of Mine Water Geothermal System [5]. 

Several international case studies have successfully demonstrated the technical feasibility and 

socioeconomic benefits of MTES. The Springhill Project in Nova Scotia has supplied geothermal 

heating to municipal and commercial buildings since the 1980s using water from flooded coal mines 

[6,7]. In the Netherlands, the Heerlen Minewater Project transformed abandoned mines into a district 

heating and cooling system, pioneering the use of standing column wells and bidirectional thermal 

flow control to serve multiple buildings with low-carbon heat [4]. Similarly, in Bochum, Germany, 

the HT-MTES project integrates solar thermal collectors and high-temperature heat pumps with 

repurposed mine shafts to deliver seasonal thermal energy to a district heating network [8]. In the 

United Kingdom, pilot systems at Caphouse and Markham Collieries have explored both open- and 

closed-loop configurations for mine water heat recovery [9]. These examples illustrate not only the 

engineering viability of MTES but also its adaptability to diverse climatic, geological, and 

infrastructural conditions. They also underscore the potential for MTES to support just transitions in 

coal-dependent regions by revitalizing legacy infrastructure and creating green energy hubs. 

Nova Scotia, Canada, presents a unique opportunity for MTES implementation due to its 

extensive inventory of abandoned coal mines and ambitious climate targets. The province aims to 

achieve 80% renewable electricity generation by 2030 and phase out coal-fired power [10]. However, 

the seasonal and intermittent nature of wind and solar energy resources poses reliability challenges. 

Simultaneously, heating in Nova Scotia remains heavily reliant on oil, with high per-household 

energy costs and carbon intensity. MTES offers a compelling alternative by enabling local, secure, 

and low-carbon heat supply using infrastructure already embedded in the landscape. 

This study investigates the feasibility of MTES in Nova Scotia, with a focus on the Sydney 

Coalfield, a historically significant mining region on Cape Breton Island. The Sydney Coalfield 

includes over 50 abandoned underground coal mines, collectively estimated to contain more than 190 

million cubic metres of mine water [11–13]. This research specifically examines the 1B Hydraulic 

System, a well-documented subsystem within the coalfield that comprises ten interconnected mines 

holding approximately 76.7 million cubic metres of water [14]. This volume represents a significant 

opportunity for high-capacity, seasonal thermal energy storage at the community or district scale. 
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The study integrates multiple lines of analysis, including geological and hydrogeological 

assessment, residential and sectoral heating demand estimation, mine water thermal capacity 

calculation, system design, energy requirements, and economic feasibility. It also compares the 

Levelized Cost of Heat (LCOH) for MTES with conventional oil-based heating and individual heat 

pump systems. Beyond technical feasibility, this work explores the potential for MTES to support 

regional renewable integration by coupling with wind and solar power, storing excess energy during 

off-peak periods and releasing it during peak demand. Such integration enhances grid flexibility and 

aligns with Nova Scotia’s decarbonization strategy. 

By situating MTES within both local and international contexts, this study contributes to a 

growing body of knowledge on underground thermal energy storage and its role in sustainable 

energy transitions. It builds upon global best practices while addressing the specific geological, 

climatic, and economic conditions of Nova Scotia. In doing so, it aims to inform future policy, 

planning, and pilot project development related to thermal energy storage and mine site reuse. 

2. Background and Related Work 

2.1. Overview of Thermal Energy Storage Technologies 

Thermal Energy Storage (TES) plays an essential role in modern energy systems, enabling the 

temporary storage of excess thermal energy for later use. By decoupling energy supply from demand, 

TES systems support grid stability, enhance the flexibility of renewable energy integration, and 

improve energy system efficiency. Various TES technologies have been developed, including 

Borehole Thermal Energy Storage (BTES), Aquifer Thermal Energy Storage (ATES), and Cavern 

Thermal Energy Storage (CTES), each with distinct geotechnical and operational characteristics [1]. 

Among these, Mine Thermal Energy Storage (MTES) has gained attention as a regionally 

scalable and cost-effective solution in areas with a legacy of underground mining. MTES systems 

utilize flooded or abandoned mine shafts as subsurface reservoirs to store and retrieve heat for 

district or building-level heating applications. These systems leverage existing infrastructure, 

reducing land-use conflict and capital costs, while offering long-term storage potential and high 

spatial capacity [2]. However, their feasibility is influenced by subsurface conditions, mine layout, 

hydrogeology, and proximity to heating demand. 

2.2. Infrastructure and Operating Principles of MTES 

MTES systems generally consist of subsurface mine reservoirs and above-ground infrastructure 

that includes extraction and reinjection wells, pumps, heat exchangers, insulated distribution piping, 

and control systems. Heat injection occurs during periods of surplus thermal energy availability (e.g., 

summer or off-peak hours), with heat stored in mine water and surrounding rock. During colder 

months, the stored heat is extracted, upgraded by a heat pump, and supplied to end users. The system 

functions cyclically, absorbing and discharging thermal energy over time. 

Figure 2 illustrates the working principle of a mine water MTES system, which operates in four 

interconnected steps. First, warm mine water is pumped from the flooded coal seam to the surface, 

carrying geothermal heat and, during warmer months, potentially enhanced by solar thermal or 

industrial waste heat. Second, this heat is transferred via a heat exchanger to a district heating or 

cooling network. Third, a heat pump raises the temperature to a usable level for buildings or 

industrial use. Finally, the cooled mine water is reinjected into the mine, where it gradually regains 

heat from the surrounding rock. This cyclical process enables MTES to function as a seasonal thermal 

battery, ideal for cold-climate applications. 
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Figure 2. Working Principle of a Mine Water MTES System [15]. 

System performance depends heavily on the efficiency of pumps, heat exchangers, and heat 

pumps. Heat exchangers are typically either [16]: 

• Direct systems, where mine water transfers heat directly to the working fluid (higher efficiency, 

but susceptible to fouling and corrosion); 

• Or indirect systems, which use a secondary fluid (e.g., glycol or brine) to isolate the mine water 

and reduce maintenance needs [3]. 

Heat pumps raise the temperature of extracted mine water (typically 12–20 °C) to usable heating 

levels. System efficiency is usually evaluated using the Coefficient of Performance (COP), defined as 

the ratio of useful heat output to electrical input. COP values above 3.5 are typically required for 

economic viability, especially when integrated with district energy networks [2,17]. 

Multiple system configurations are possible depending on local conditions. These include: 

• Open-loop systems, which extract and discharge mine water (either to the surface or back into 

the mine); 

• Closed-loop systems, which use submerged heat exchangers and do not circulate mine water 

externally; 

• And standing column systems, which combine extraction and reinjection at different depths 

within the same shaft. 

Figure 3 presents an overview of these main system types and their operational arrangements. 
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Figure 3. Different Types of Heat Extraction from/Rejection to Abandoned Flooded Mines [9,17] 

2.3. International Case Studies of MTES Systems 

Several international pilot and commercial MTES systems provide valuable insights into the 

scalability, performance, and technical challenges of implementing MTES in real-world settings. 

Springhill, Canada: Located in Nova Scotia, the Springhill Mine Water Geothermal Project is one 

of the earliest operational MTES systems. Developed in the 1980s, it uses mine water extracted from 

depths up to 1,350 m, with temperatures reaching up to 26 °C, to provide heating and cooling for 

industrial and public facilities. The system operates using heat exchangers and a network of 11 heat 

pumps and has achieved up to 60% heating cost reduction for some users, while significantly 

lowering GHG emissions [6,7]. 

Heerlen, Netherlands: The Heerlen Minewater Project, launched in 2008, has evolved into an 

advanced fifth-generation district heating and cooling (5GDHC) system. It uses multiple extraction 

and reinjection wells to manage thermal flows between interconnected buildings and clusters. The 

system integrates renewable energy, smart thermal grid controls, and real-time balancing 
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mechanisms to deliver more than 5 GWh of heating and cooling annually, achieving major efficiency 

gains and CO₂ reductions [4,18,19]. 

Bochum, Germany: The Bochum HT-MTES system in the Markgraf II shaft is a high-temperature 

seasonal thermal storage project integrated with solar thermal collectors and a district heating 

network. Heat is injected into the mine water during summer and extracted in winter using a 500 kW 

high-temperature heat pump. The system delivers over 13 GWh of heating and cooling annually, and 

its bidirectional flow, stratified storage, and DTS monitoring represent best practices in advanced 

MTES design [20–22]. 

These case studies confirm the technical viability of MTES, the potential for integration with 

local renewable sources, and the need for careful system configuration to prevent thermal short-

circuiting, manage water quality, and maintain long-term performance. The experiences from 

Springhill, Heerlen, and Bochum provide a strong foundation for evaluating MTES potential in post-

mining communities like Glace Bay, Nova Scotia. 

2. Materials and Methods 

This section outlines the methodology used to evaluate the feasibility and performance of a Mine 

Thermal Energy Storage (MTES) system. The approach is structured to allow replication and 

adaptation for different geographical and geological contexts, with all relevant assumptions, 

formulas, and references based on standard geothermal engineering principles and existing 

literature. 

2.1. Heating and Cooling Demand Estimation 

Heating and cooling demands were calculated using Energy Use Intensity (EUI) values specific 

to Nova Scotia and adjusted for residential, commercial, and industrial sectors. The demand 

estimates focus on space heating and cooling, which are the primary loads addressable by MTES 

systems. EUI represents the total annual energy consumption per unit floor area (in GJ/m²/year) and 

includes all end uses such as heating, cooling, lighting, and appliances; therefore, sector-specific 

heating and cooling fractions are applied to isolate the portions relevant to thermal demand. 

Equations (1) and (2) were used to estimate annual thermal demand based on gross floor area and 

sector-specific heating and cooling fractions [23,24]. 

𝑄ℎ𝑒𝑎𝑡𝑖𝑛𝑔  (
𝐺𝐽

𝑦𝑒𝑎𝑟
) =  𝐸𝑈𝐼 (

𝐺𝐽

𝑚2

𝑦𝑒𝑎𝑟
) ×  𝐴(𝑚2)  ×  𝑓ℎ𝑒𝑎𝑡𝑖𝑛𝑔              (1) 

𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔  (
𝐺𝐽

𝑦𝑒𝑎𝑟
) = EUI (

𝐺𝐽

𝑚2

𝑦𝑒𝑎𝑟
) ×  𝐴 (𝑚2)  × 𝑓𝑐𝑜𝑜𝑙𝑖𝑛𝑔                 (2) 

Where 𝑄ℎ𝑒𝑎𝑡𝑖𝑛𝑔  is the annual space heating demand, 𝑄𝑐𝑜𝑜𝑙𝑖𝑛𝑔 is the annual space cooling demand 

𝑓ℎ𝑒𝑎𝑡𝑖𝑛𝑔 is the fraction of total EUI allocated to space heating, and 𝑓𝑐𝑜𝑜𝑙𝑖𝑛𝑔 is the fraction of total EUI 

allocated to space cooling 

2.2. MTES Capacity Assessment 

The thermal storage capacity was determined by calculating the heat stored in both mine water 

and surrounding rock using Equations (4) and (5) [25,26]. Key parameters included: Mine water 

volume (𝑉𝑤𝑎𝑡𝑒𝑟), Rock-volume to water-volume ratio (R), Specific heat capacities of water and rock 

(𝐶𝑤𝑎𝑡𝑒𝑟 , 𝐶𝑟𝑜𝑐𝑘 ), densities of water and rock (𝜌𝑤𝑎𝑡𝑒𝑟 , 𝜌𝑟𝑜𝑐𝑘), and usable temperature change (∆T). 

𝑄𝑤𝑎𝑡𝑒𝑟 = 𝑉𝑤𝑎𝑡𝑒𝑟 × 𝜌𝑤𝑎𝑡𝑒𝑟 × 𝐶𝑤𝑎𝑡𝑒𝑟 × ∆𝑇                        (3) 

𝑄𝑟𝑜𝑐𝑘 = 𝑅 × V𝑤𝑎𝑡𝑒𝑟 × 𝜌𝑟𝑜𝑐𝑘 × 𝐶𝑟𝑜𝑐𝑘 × ∆𝑇                        (4) 

2.3. Heat Retrieval System Design 
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Two primary configurations can be employed for heat extraction: open-loop and closed-loop 

systems [9,17]. Design factors such as flow rate (𝑉̇), fluid density (𝜌), specific heat capacity (𝐶), and 

temperature difference (across the heat exchanger) (∆𝑇 ) were used to calculate heat extraction 

potential via Equation (5), with the final heat delivered estimated using Equation (6) [2]. Where 

𝑄𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑,𝑎𝑛𝑛𝑢𝑎𝑙 is Qretrieved  × 8760 hours/year, and 𝐶𝑂𝑃 is the Coefficient of Performance of the 

heat pump. 

𝑄retrieved = 𝑉̇ × 𝜌 × 𝐶 × ∆𝑇                              (5) 

  𝑸𝒅𝒆𝒍𝒊𝒗𝒆𝒓𝒆𝒅 = 𝑸𝒓𝒆𝒕𝒓𝒊𝒆𝒗𝒆𝒅,𝒂𝒏𝒏𝒖𝒂𝒍 × 𝑪𝑶𝑷                         (6) 

2.4. Electrical Energy Requirements 

Annual energy demands were calculated for each subsystem: 

• Pumping system: Based on flow rate (𝑄), pumping head overcome (frictional losses + elevation 

difference) (𝐻), and pump efficiency (𝜂𝑝𝑢𝑚𝑝), density of water (𝜌), and acceleration due to gravity 

(9.81m/s2) using [17]: 

𝐸𝑝𝑢𝑚𝑝, 𝑎𝑛𝑛𝑢𝑎𝑙 =
𝜌×𝑔×𝑄×𝐻×𝑡

𝜂𝑝𝑢𝑚𝑝
                           (7) 

• Heat exchangers: Estimated using pressure drop and flow characteristics via Equation (8) 

[27,28]: 

   𝐸ℎ𝑥 =
𝜌×𝑔×𝑄×𝐻ℎ𝑥×𝑡

𝜂
                             (8) 

Where 𝐻ℎ𝑥 is the head loss across the heat exchanger system. 

• Heat pumps: Evaluated using thermal energy output delivered by the heat pump (𝑸𝑯𝑷) and 

𝑪𝑶𝑷 via [25]: 

     𝑬𝑯𝑷 =
𝑸𝑯𝑷

𝑪𝑶𝑷
                                 (9) 

• Auxiliary systems: Estimated as 1–2% of total system demand. 

The total annual electrical energy requirement was computed as the sum of all components. 

2.5. Cost Analysis and Economic Feasibility 

Cost components were divided into: 

• CAPEX: Including well drilling, heat pump and exchanger installation, distribution 

infrastructure, and SCADA systems [17,29]; 

• OPEX: Including labor, electricity, maintenance, and compliance [29]. 

The Levelized Cost of Heat (LCOH) was calculated using Equation (10), with the Capital 

Recovery Factor (CRF) derived from Equation (11) [30]. Where 𝑸𝒖𝒔𝒂𝒃𝒍𝒆 𝒉𝒆𝒂𝒕 is the total heat energy 

delivered annually, 𝒓 is the discount rate, and 𝒏 is the system lifespan (years). This metric facilitates 

economic comparison with conventional heating systems. 

   𝑳𝑪𝑶𝑯 =
𝑪𝑨𝑷𝑬𝑿 ×𝑪𝑹𝑭+𝑶𝑷𝑬𝑿

𝑸𝒖𝒔𝒂𝒃𝒍𝒆 𝒉𝒆𝒂𝒕
                           (10) 

   𝑪𝑹𝑭 =
𝒓(𝟏+𝒓)𝒏

(𝟏+𝒓)𝒏−𝟏
                               (11) 

3. Results 

This section presents the outcomes of applying the MTES design framework to the selected site 

in Glace Bay, Nova Scotia. The calculations are based on the equations introduced in Section 2, with 

key technical assumptions drawn from site-specific data and relevant literature. 

3.1. Heating and Cooling Demand Estimation 
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The annual space heating and cooling demand in Glace Bay was estimated using floor area data 

and Energy Use Intensity (EUI) values for the residential, commercial, and industrial sectors, 

applying the methodology described in Equations (1) and (2). These equations use gross heated area 

and sector-specific heating and cooling fractions to isolate the portion of total energy consumption 

attributable to space conditioning. 

For the residential sector, the total heated area was derived using the 2021 Census housing stock 

data for Glace Bay [31] and average unit sizes by dwelling type [32], resulting in approximately 1.4 

million m². An EUI of 0.58 GJ/m²/year was applied based on Nova Scotia-specific benchmarks [33], 

and space heating and cooling fractions of 65.5% and 0.6% were used, respectively. 

The commercial and institutional sector was assessed using a conservative estimate of 10 m² 

per capita, applied to a population of 17,000 [31], yielding a total area of 170,000 m². An EUI of 

1.12 GJ/m²/year was used, with 42.4% for heating and 8.9% for cooling [34]. 

For the industrial sector, it was assumed that 12 facilities are active in the region [35], each with 

an average heated area of 4,000 m², totaling 48,000 m². The EUI used was 0.8 GJ/m²/year, with 60% 

allocated to heating and 5% to cooling [36]. 

The combined heating and cooling demand for all sectors in Glace Bay is approximately 185 

GWh per year. The breakdown is provided in Table 1. 

Table 1. Estimated Annual Heating and Cooling Demand by Sector in Glace Bay. 

Sector 
Area  

(m²) 
EUI 

(GJ/m²) 
𝒇𝒉𝒆𝒂𝒕𝒊𝒏𝒈 𝒇𝒄𝒐𝒐𝒍𝒊𝒏𝒈 

Heating  

Demand 

(GWh/year) 

Cooling  

Demand 

(GWh/year) 

Combined  

Demand (GWh/year) 

Residential 1.4 × 106   0.58 0.655 0.006 148.6 1.36 150 

Commercial 170,000 1.03 0.424 0.089 22.45 4.70 27.15 

Industrial 48,000 0.8 0.60 0.05 6.4 0.53 6.93 

Total 
1.62 × 106  

 
- - - 177.45 7 184.45 (≈185) 

These demands reflect year-round space conditioning loads, with peak heating required in 

winter and cooling concentrated in the summer. This seasonality plays a key role in determining the 

required storage capacity and thermal cycling strategy of the MTES system. 

3.2. Thermal Energy Storage Capacity 

This study evaluated the thermal energy storage (TES) capacity of two major flooded mines in 

Glace Bay: Colliery No. 2 and Colliery No. 9, both situated within the 1B Hydraulic System. The total 

theoretical thermal storage capacity was calculated based on the methodology described in Equations 

(3) and (4), which estimate the heat retained in both mine water and the surrounding rock mass. 

According to historical mine data, Colliery No. 2 contains approximately 17.26 million m³ of 

flooded mine water, while Colliery No. 9 contains approximately 4.98 million m³ [14]. A rock-to-

water volume ratio (R) of 3:1 was assumed based on typical mine structures and regional geological 

conditions. This ratio represents the volume of surrounding rock contributing to heat storage per unit 

volume of mine water and is critical in determining the role of the rock matrix in long-term thermal 

retention. Higher R values imply a larger thermal reservoir but may reduce heat transfer rates due to 

increased thermal resistance. The seasonal temperature differential (∆T) was assumed to be 12 °C, 

reflecting the operational temperature swing between heat injection and extraction phases during 

seasonal cycling. This ∆T represents the usable range for thermal storage while maintaining system 

efficiency and material integrity. 

The thermal properties used for calculations included: 𝜌𝑤𝑎𝑡𝑒𝑟 = 1000 kg/m³, 𝜌𝑟𝑜𝑐𝑘 = 

2500 kg/m³,𝐶𝑤𝑎𝑡𝑒𝑟 = 4.18 kJ/kg·°C, and 𝐶𝑟𝑜𝑐𝑘 = 0.84 kJ/kg·°C, all consistent with literature values for 

comparable MTES systems [25,26]. These values are considered reasonable for scoping-level analysis; 

however, site-specific geological surveys are recommended to refine capacity estimates [26]. 
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Based on this methodology, the total storage potential for Colliery No. 2 was estimated at 

240.46 GWh in water and 362.41 GWh in rock, totaling 602.87 GWh. For Colliery No. 9, the calculated 

capacity was 69.4 GWh in water and 104.6 GWh in rock, totaling 174.0 GWh. 

Assuming an overall system efficiency of 80% to account for losses from pumping, heat 

exchange, and thermal dissipation, the usable thermal energy output is estimated at 482.29 GWh for 

Colliery No. 2 and 139.20 GWh for Colliery No. 9. The combined usable capacity of 621.5 GWh 

significantly exceeds Glace Bay’s estimated annual thermal energy demand of approximately 

185 GWh (see Section 3.1), supporting the feasibility of MTES as a long-duration seasonal storage 

system with additional capacity for future demand or district expansion. 

3.3. Usable Thermal Energy Output 

The proposed MTES system for Glace Bay employs a centralized open-loop configuration, 

drawing mine water from three extraction wells at Colliery No. 2, circulating it through plate heat 

exchangers, and reinjecting it through two wells at Colliery No. 9. This design leverages the natural 

elevation difference (~43 m) and hydraulic separation between the collieries to optimize heat transfer 

and reduce the risk of thermal short-circuiting [37]. The system layout is based on best practices from 

established MTES projects in Springhill, Canada, and Heerlen, Netherlands [6,9,17]. 

A total flow rate of 150 L/s (0.15 m³/s), supported by three extraction wells at 50 L/s each, was 

selected based on hydrogeological assessments and performance benchmarks from comparable 

minewater systems in Heerlen and the UK [4,9,17]. This range aligns with sustainable extraction rates 

(100–200 L/s) identified for Glace Bay based on historical mine dewatering records, including the 

Neville Street well [11]. To ensure efficient transport and minimize frictional losses, a 350–400 mm 

(14–16 inch) HDPE or steel main header is proposed. For individual branches from each well, 200–

250 mm (8–10 inch) piping is recommended to accommodate the 50 L/s flow per line. Chemically 

resistant HDPE or steel is selected for distribution piping, while stainless steel is preferred for suction 

and internal pump station connections. End-suction centrifugal pumps housed in aboveground 

pump stations are proposed to provide reliable, high-volume water handling [38]. 

The retrievable heat from the system was calculated using Equation (5), assuming a flow rate (𝑉̇) 

of 0.15 m³/s, a water density (𝜌) of 1000 kg/m³, a specific heat capacity (𝐶) of 4.18 kJ/kg·K, and a 

temperature differential (∆𝑇) of 12 °C. 

This results in a thermal power output of 7.52 MW. Over a year (8,760 hours), the annual thermal 

energy extracted is approximately 66 GWh. Applying a heat pump Coefficient of Performance (𝐶𝑂𝑃) 

of 4.0 in Equation (6), the total annual delivered thermal energy is 264 GWh/year. This thermal output 

exceeds Glace Bay’s estimated annual heating and cooling demand (185 GWh/year) by approximately 

43%, providing flexibility for system expansion, peak demand management, and seasonal cycling. 

As illustrated in Figure 4, the system demonstrates resilience to variations in operating 

conditions. Even under suboptimal performance—such as a reduced ΔT or COP—the annual thermal 

output remains sufficient to meet Glace Bay’s current demand. In warmer months, when heating 

demand is lower, the system can operate in a charging mode by injecting surplus heat—sourced from 

cooling systems or renewables like solar thermal—into the mine reservoir. This seasonal flexibility 

enhances overall efficiency and reliability, aligning the system with long-duration energy storage 

goals. 
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Figure 4. Annual Heat Delivered vs. Temperature Differential (𝛥𝑇) and 𝐶𝑂𝑃. 

3.4. Electrical Energy Requirements 

The annual electrical energy requirement for operating the proposed MTES system in Glace Bay 

was estimated by evaluating the major subsystems: pumps, heat exchangers, heat pumps, and 

auxiliary equipment. These estimates are based on the design specifications, performance 

benchmarks from similar geothermal systems, and Equations (7), (8) and (9) described earlier. 

For pumping, a total flow rate of 150 L/s (0.15 m³/s), where three extraction wells each operate at 

50 L/s, and a total dynamic head of 300 m were assumed. This value reflects the depth of Colliery No. 

2 (261–263 m) and includes estimated frictional losses ranging from 10 to 100 m, consistent with 

hydrogeological assessments and historical dewatering records [39]. Only the extraction wells at 

Colliery No. 2 were considered in the pumping energy calculations, as reinjection at Colliery No. 9 

occurs at a higher elevation and relies primarily on gravitational flow. Assuming a pump efficiency 

of 80%, the estimated annual pumping energy is approximately 4.83 GWh/year, in line with design 

standards for geothermal systems [28], as calculated using Equation (7). 

According to Equation (8), the heat exchanger power requirement was estimated based on a 

pressure drop of 4.5 m, as recommended by ASHRAE Standard 90.1-2013 [40], and an assumed 

efficiency of 80%. This results in a minor contribution of approximately 0.073 GWh/year to the total 

system demand. 

For heat pumps, the system is designed to deliver 185 GWh/year of thermal energy to Glace 

Bay’s residential, commercial, and industrial users. Using a conservative Coefficient of Performance 

(COP) of 4—typical for modern water-source heat pumps under standard conditions [38]—and based 

on Equation (9), the annual electrical input required is 46.25 GWh/year. 

Auxiliary systems, including SCADA, sensors, valves, and communication infrastructure, were 

estimated to account for 1.5% of the total electricity consumption of the other subsystems. This results 

in an additional 0.77 GWh/year, based on established benchmarks in geothermal plant design. 

In total, the estimated annual electrical energy requirement for operating the MTES system in 

Glace Bay is approximately 52 GWh/year, including all major subsystems. This figure serves as a 

critical input for cost evaluation, system optimization, and planning for renewable electricity 

integration, as discussed in subsequent sections. 

3.5. Economic Feasibility and Cost Analysis 

A comprehensive economic feasibility analysis is essential for assessing the viability of 

implementing the MTES system in Glace Bay. This section evaluates both Capital Expenditures 
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(CAPEX) and Operational Expenditures (OPEX), providing a detailed breakdown of system 

components and ongoing operational costs. To contextualize MTES within the local energy 

landscape, cost comparisons are also made with conventional oil-based heating and individual 

residential heat pump systems. All cost estimates, including CAPEX, OPEX, and Levelized Cost of 

Heat (LCOH), are presented exclusive of taxes (e.g., HST) to maintain consistency across alternatives. 

This approach reflects standard industry practice in early-stage feasibility studies, where taxes often 

depend on ownership structure and funding mechanisms. 

3.5.1. Capital Expenditure (CAPEX) 

The estimated capital costs for the proposed MTES system include major infrastructure 

components such as geothermal wells, heat pumps, heat exchangers, piping networks, and SCADA 

systems. Cost values were drawn from established benchmarks and converted from USD to CAD 

using a June 2025 exchange rate of 1 USD = 1.36 CAD. 

The five-well configuration—comprising three extraction wells at Colliery No. 2 and two 

reinjection wells at Colliery No. 9—is based on international practice (e.g., the Heerlen Minewater 

Project [4,9]) and local geological conditions. Drilling costs range from $49 to $131 per meter, 

depending on well depth and casing requirements [41,42], with additional costs for 72-hour pump 

testing [43], estimated at approximately $8,300 USD per well [44]. 

The heat pump system is designed to deliver 185 GWh/year of thermal energy with a Coefficient 

of Performance (COP) of 4, corresponding to a required capacity of 23.6 MW. Installation costs are 

estimated at $1,200–$2,200 per kW based on current market [45,46]. Heat exchanger costs are 

estimated at $100–$300 per kW, reflecting similar large-scale systems [47]. 

Piping and distribution infrastructure costs are based on a 107 km dual-pipe network, with 

installed unit costs ranging from $800 to $1,200 per meter [48,49], inclusive of trenching, insulation, 

and site restoration. The SCADA and control system is estimated to cost between $150,000 and 

$500,000, depending on system configuration and integration complexity [50,51]. 

Table 2 summarizes the total estimated capital cost:. 

Table 2. Total Estimated Capital Costs for MTES System in Glace Bay. 

Component 
Low Estimate  

(Million USD) 

High Estimate  

(Million USD) 

Well Drilling (5 wells total) $0.09  $0.17  

Geothermal Heat Pump System $28  $52  

Heat Exchanger System $2.3  $7  

Piping and Distribution Network $85.6  $128.4  

SCADA/ Control System $0.15  $0.5  

Subtotal Capital Costs $116.1  $188 

Contingency (10%) $11.6  $18.8 

Total Estimated  

Capital Cost 
$127  $206 

Converted to Canadian dollars (at 1 USD = 1.36 CAD, as of June 2025): Estimated total CAPEX range: 

$172 million CAD – $280 million CAD. 

3.5.2. Operational and Maintenance Costs (OPEX) 

Annual operating costs include labor, electricity, and maintenance. Labor costs were based on a 

staff of 5–6 with total wages of $570,000 to $660,000 CAD/year [52]. Electricity costs are derived from 

Nova Scotia Power’s 2024 Large Industrial Tariff [53], with 52 GWh/year consumption at 

$0.10184/kWh and demand charges for 2.6 MW (2,600 kVA) of peak load, totaling approximately $5.8 

million CAD/year. 

An industry benchmark of 1% of total capital expenditure is commonly used to estimate annual 

maintenance costs, ranging from $1.7 to $2.7 million CAD per year.  
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Table 3 summarizes the estimated annual OPEX. 

Table 3. Estimated Annual Operational and Maintenance Costs for MTES System in Glace Bay. 

Component 
Low Estimate  

(Million CAD) 

High Estimate  

(Million CAD) 

Labor & Management $0.57 $0.66 

Energy Cost $5.80 $5.80 

Maintenance & Repairs $1.70 $2.70 

Subtotal (Base OPEX) $8.07 $9.16 

Contingency (5%) $0.40 $0.46 

Total Estimated OPEX $8.47 $9.62 

3.5.3. Levelized Cost of Heat for the Glace Bay MTES System 

The Levelized Cost of Heat (LCOH) was calculated over a 25-year system lifespan using a 5% 

discount rate. The annual thermal energy output is estimated at 264 GWh (950,400 GJ). Based on 

Equation (10) and a Capital Recovery Factor (CRF) of 0.07 derived from Equation (11), the LCOH is 

calculated as follows: 

• Lower bound: ≈ $21.59 CAD/GJ; 

• Upper bound: ≈ $30.74 CAD/GJ. 

This LCOH range serves as a benchmark for assessing the economic viability of MTES and its 

alignment with provincial energy policy objectives. 

3.5.4. Comparative Cost of Traditional Heating Options in Glace Bay 

To evaluate the cost competitiveness of the MTES system, its LCOH is compared to two 

conventional heating options commonly used in Glace Bay: 

Oil Heating Systems: Based on a price of $1.63 CAD/L and furnace efficiency of 85% [54,55], the 

usable energy is 31.21 MJ/L. The resulting cost per GJ is $52.23 CAD/GJ. 

Residential Heat Pumps: Using Equations (10) and (11), assuming a thermal demand of 

72 GJ/year per household, a 20-year system lifespan, and a 5% discount rate, the LCOH was 

calculated based on a CAPEX of $12,000–$20,000 [56] and an annual OPEX of approximately $1,440 

[57,58]. OPEX includes electricity and maintenance: With a seasonal COP of 3.0, each household 

requires about 6.67 MWh/year (24 GJ) of electricity, costing ~$1,239/year at the 2025 Nova Scotia rate 

of $0.18561/kWh [57]. Annual maintenance is assumed at $200 [58]. The resulting LCOH is: 

• Lower bound: ≈ $33.33 CAD/GJ; 

• Upper bound: ≈ $42.22 CAD/GJ. 

4. Discussion 

This section provides an integrated assessment of the environmental, economic, and technical 

implications of implementing a Mine Thermal Energy Storage (MTES) system in Glace Bay, Nova 

Scotia. Drawing from the detailed site-specific findings in Section 3 and broader renewable energy 

strategies, the discussion explores the potential benefits, challenges, and future pathways for MTES 

deployment in post-industrial communities. 

4.1. Economic Feasibility and Cost Savings 

As established in Section 3.5, the Levelized Cost of Heat (LCOH) for Glace Bay’s MTES system 

ranges from $21.59 to $30.74 CAD/GJ, compared to $52.23 CAD/GJ for oil heating and $33.33 to $42.22 

CAD/GJ for individual residential heat pumps. This represents a 42%–59% cost reduction compared 

to oil and 8%–49% savings relative to decentralized heat pumps. International precedents further 

support this economic advantage. For instance, in Heerlen, the involvement of local energy 
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companies offering financing at relatively low interest rates (6–8%) enabled the delivery of 

competitively priced thermal energy [59]. 

The reuse of existing mine voids significantly reduces capital expenditure by eliminating the 

need for new underground infrastructure. As a locally controlled energy solution, MTES also 

enhances energy security and protects communities from global fuel price volatility. 

4.2. Environmental Benefits and Emissions Reduction 

Transitioning from oil-based heating to MTES offers significant environmental benefits, 

particularly in reducing greenhouse gas (GHG) emissions and supporting Nova Scotia’s net-zero 

targets. Furnace oil currently supplies approximately 30% of space heating in Nova Scotia, especially 

in colder regions like Cape Breton [60]. MTES provides a low-carbon alternative by replacing fossil 

fuel combustion with mine-sourced geothermal energy, further enhanced by the use of centralized 

district heating powered by renewable electricity. 

Case studies demonstrate the emissions reduction potential of MTES systems. In Springhill, 

Nova Scotia, the adoption of mine water geothermal technology reduced GHG emissions by 

approximately 370 tonnes per year, representing a 50% decrease compared to conventional oil-based 

systems [7]. Similarly, the Heerlen Minewater 2.0 project in the Netherlands achieved a 65% reduction 

in emissions across over 500,000 m² of conditioned space [4]. 

In the context of Glace Bay, emissions reductions were quantified by comparing current oil-

based heating with projected MTES system performance: 

• Current emissions from oil heating: Based on the residential heating and cooling demand of 

150 GWh/year (540,000 GJ) and an emission factor of 71.35 kg CO₂e/GJ [61,62], the estimated 

annual GHG emissions are approximately 38,530 tonnes CO₂e. 

• Emissions from MTES system: Assuming an annual electricity use of 52 GWh (Section 3.4) and 

Nova Scotia’s grid intensity of 660 g CO₂e/kWh [63], the estimated emissions total 34,320 tonnes 

CO₂e/year. With a projected 50% renewable electricity share, this value decreases to 

17,160 tonnes CO₂e/year—equivalent to a 55% reduction. Under full grid decarbonization, 

emissions from MTES could approach zero. 

These findings reinforce the environmental value of MTES systems and demonstrate their 

capacity to support regional and national decarbonization efforts through large-scale emissions 

reductions in the heating sector. 

4.3. Infrastructure Reuse and Grid Optimization 

MTES enhances grid reliability by converting surplus renewable electricity into thermal energy, 

which can be stored and used during peak demand. This reduces dependence on carbon-intensive 

backup power and supports Nova Scotia’s low-carbon transition. 

With over 1,000 abandoned mine sites and strong wind energy capacity, Nova Scotia is well 

positioned to repurpose underground infrastructure as thermal reservoirs—avoiding the costs and 

environmental impacts of new storage development [64]. Coordinating mine remediation with MTES 

deployment can further reduce project costs and accelerate regional revitalization. 

The Heerlen Minewater Project in the Netherlands demonstrates this potential, having 

transformed coal mine shafts into a district-scale energy system that provides heating, cooling, and 

thermal storage [4,59]. 

4.4. Job Creation and Regional Development 

Deploying MTES in Nova Scotia offers a pathway for economic revitalization, especially in post-

industrial areas like Glace Bay. By repurposing abandoned mine infrastructure, these projects 

generate local employment across engineering, hydrogeology, drilling, and district energy 

construction [65]. 
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In Springhill, mine water heating reduced municipal energy costs and supported job creation 

[6,65]. Similarly, the Gateshead project in the UK demonstrates how MTES can attract investment and 

stimulate skilled employment while lowering fossil fuel reliance [66]. 

MTES also fosters energy self-sufficiency in rural and Indigenous communities by offering a 

scalable, low-carbon heating solution that reduces energy poverty and keeps energy spending local. 

4.5. Technical Challenges and Limitations 

Successful MTES implementation in Glace Bay requires addressing site-specific technical and 

geochemical risks. The 1B Hydraulic System contains pyrite-rich formations, leading to acid mine 

drainage (AMD), which causes corrosion, scaling, and ochre formation that can foul heat exchangers 

and reduce efficiency [6,11,17]. Mitigation includes corrosion-resistant materials, filtration, chemical 

dosing, and regular water quality monitoring.  

Another key risk is thermal short-circuiting between Collieries No. 2 and No. 9, which are only 

43 m apart. This proximity may result in reinjected water prematurely returning to extraction wells. 

Hydrogeological modeling, tracer testing, and optimized well spacing are essential to ensure efficient 

thermal exchange [4,17,37]. 

Environmental and geotechnical risks include potential contamination of surface and 

groundwater, thermal disruption of aquifers, and release of hazardous gases like methane during 

drilling. Changes in subsurface pressure could also destabilize old mine voids, particularly in 

undocumented or shallow areas [14,17,29]. International examples, such as Dawdon (UK) and 

Heerlen (Netherlands), demonstrate that these challenges can be managed with real-time monitoring, 

adaptive design, and robust site characterization [4,17]. 

4.6. Integration with Renewable Energy 

MTES systems function best when integrated with renewable energy sources. Nova Scotia’s 

legislated targets—80% renewable electricity and 5 GW offshore wind capacity by 2030—create 

strong alignment opportunities [63]. MTES can absorb surplus power from intermittent sources and 

convert it into storable thermal energy, enhancing grid flexibility and seasonal energy balancing. 

According to Nova Scotia Power’s 2023 Integrated Resource Plan, projected wind and solar 

curtailment will reach 351 GWh/year by 2025 and 2,175 GWh/year by 2030, highlighting the need for 

flexible storage systems like MTES [67] (Figure 5). 

 

Figure 5. Projected Wind and Solar Curtailment in Nova Scotia (2025–2050) CE1-E1-R1 Scenario [67]. 

Key renewable energy pathways for MTES integration in Glace Bay include: 

• Onshore Wind: The Lingan Wind Farm near the Sydney Coalfield generates 36–49 GWh/year 

[68], which could meet 37%–50% of Glace Bay’s estimated 52 GWh/year MTES electricity 

demand (Section 3.4). However, grid commitments may limit dedicated supply, making further 

wind expansion essential; 
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• Offshore Wind: The Sydney Bight area has been identified as a key zone for offshore wind 

development. The 5 GW goal by 2030 could power over 3.7 million households [69]. Aligning 

MTES with future offshore capacity would ensure high-COP heat pump operation and utilize 

forecasted surpluses exceeding 2,000 GWh/year [67]; 

• Solar Thermal: Seasonal solar thermal integration can further enhance MTES. During low 

demand months, surplus summer heat can be stored and recovered in winter. The Bochum 

project in Germany demonstrates how mine voids can serve as seasonal heat reservoirs charged 

by solar thermal [8]. Similar applications in Glace Bay—especially at institutional buildings like 

schools and hospitals—could reduce electric load and improve system efficiency year-round. In 

addition, solar photovoltaic (PV) could be used to power MTES components such as pumps and 

control systems. 

5. Conclusions and Outlook 

This study explored the technical, economic, and environmental feasibility of implementing a 

Mine Thermal Energy Storage (MTES) system in Glace Bay, Nova Scotia, using flooded mine 

workings from Collieries No. 2 and No. 9 as underground thermal reservoirs. The results confirm 

that MTES is a viable and scalable solution for decarbonizing district-scale heating in post-industrial 

communities, while simultaneously repurposing legacy infrastructure and enhancing local energy 

resilience. 

The estimated total thermal storage capacity of 621 GWh far exceeds Glace Bay’s combined 

annual heating and cooling demand of approximately 185 GWh, demonstrating strong potential for 

long-term seasonal storage. The system’s modeled output of 264 GWh/year, supported by high-

efficiency heat pumps and a centralized open-loop configuration, confirms the technical capability to 

meet current and future energy needs. With an annual electricity demand of 52 GWh, MTES systems 

can be effectively paired with intermittent renewables to absorb excess generation and support grid 

balancing. 

Economically, the system offers a competitive Levelized Cost of Heat (LCOH) ranging from 

$21.59 to $30.74 CAD/GJ, resulting in up to 59% savings compared to oil-based heating and up to 49% 

relative to individual heat pumps. Environmentally, switching to MTES could reduce residential 

heating emissions by 21,000 to 38,500 tonnes CO₂e annually, depending on the renewable share of 

Nova Scotia’s electricity grid, thereby supporting the province’s 2030 climate targets and long-term 

decarbonization. 

Future efforts should focus on implementing a pilot-scale project in Glace Bay, prioritizing 

design optimization, hydrogeological modeling, and corrosion mitigation strategies. Integration with 

existing and planned wind, solar, and waste heat sources—such as data centers—will be essential for 

improving system performance and sustainability. Additionally, policy support, funding 

mechanisms, and the establishment of a regional MTES working group are critical to streamline 

deployment and replicate this model in other coalfield communities across Nova Scotia. 

By advancing MTES, Nova Scotia has the opportunity to lead in sustainable heating innovation 

while revitalizing post-industrial regions and building a resilient, low-carbon energy future. 
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The following abbreviations are used in this manuscript: 

CAPEX Capital Expenditure 

CO₂e Carbon Dioxide Equivalent 

COP Coefficient of Performance 

GJ Gigajoule 

GWh Gigawatt-hour 

LCOH Levelized Cost of Heat 

MTES Mine Thermal Energy Storage 

OPEX Operational Expenditure 
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