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ABSTRACT
This paper conducts a numerical study to
investigate the Mine Water Heat Recovery (MWHR)
system using a code developed in MATLAB. The system
comprises two heat exchanger units, one located in mine
water discharge region (Heat capturing unit) and another
in mine intake air region (Heat delivery unit). Former
captures heat energy from hot water at mine water
outlet using a glycol closed-loop circuit and latter
exchanges this captured heat with mine intake cold air.
Thermal coupling between these two mentioned units is
taken into account in the code. A typical underground
mine in Canada is investigated as a case study to evaluate
the feasibility of the system. In addition, to have a wider
overview, a parametric study is conducted to investigate
the impact of various parameters including mine intake
air heating demand and mine intake air flow rate on
energy savings.
Keywords: mine water heat recovery system,
underground mining, energy recovery, mine ventilation
system
1.

INTRODUCTION
Heating costs associated with underground
ventilation air are a significant portion of mine operating
costs especially in colder countries such as Canada,
Sweden and Finland [1,2]. In order to prevent the intake
air shaft from freezing, mine intake air needs to be
heated up to a minimum temperature of 3oC [3]. Fossil
fuels such as natural gas, propane and diesel are the
conventional energy sources being used to heat up the
intake air [4]. As heating costs are elevating, the number
of mines taking advantage of alternative heat sources for
heat recovery purposes, such as mine exhaust air, mine
water and compressor cooler are increasing. The heat

recovery systems were utilized for decades by various
underground mines, some of them were profitable while
some could not meet the expectations. Depending upon
the source of heat available at the mine site, ambient air
condition, intake air flow rate and several other
parameters, a heat recovery system could be feasible or
infeasible to incorporate in mine heating system.
Consequently, a detailed feasibility investigation is
required before installation of any heat recovery system
in an underground mine.
One of the successful examples of waste heat
recovery system implementation is Williams mine,
located in Northwestern Ontario, Canada, uses a
combined heat recovery system of mine exhaust air,
mine water discharge and compressor cooling circuits.
The financial analysis of the installed system is carried
out by Smith and Arthur [5] showing that $0.5 M CAD
(Canadian Dollars) can be saved annually using installed
heat recovery system with capital cost of $1.7 M CAD.
The Macassa mine [6] is another Canadian mine located
in Ontario which uses combined heat recovery system of
mine water and air compressor cooler. The Pyhäsalmi
zinc-copper mine [7] located in Finland is another
example which uses mine water heat recovery system in
order to heat up the intake air in cold season. The air flow
𝑚3

rate at the intake shaft is 150( ).
𝑠
Despite the promising applicability of MWHR system,
no numerical study is reported yet in literature review.
Accordingly, this paper aims to conduct a study on
sustainable energy recovery from mine water discharge
using coupled heat exchanger units. To investigate the
feasibility of the project, paper offers a dynamic model
developed in MATLAB with considering the thermal
coupling effect between two heat exchanger units,
namely, heat capturing unit and heat delivery unit.
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Fig 1. Design schematic

Fig 2. Ambient air temperature at the mine site

METHODOLOGY
Figure 1 shows the schematic of a Mine Water Heat
Recovery system. This proposed system includes closedloop glycol circuit, heat capturing unit and heat delivery
unit. The closed-loop glycol circuit captures heat energy
from mine water discharge and delivers it to the intake
air at intake shaft region.
The captured heat from mine water can be
calculated as follows:
(1)
𝑞̇ 𝑐𝑎𝑝 = 𝜀𝑙−𝑙 𝐶𝑚𝑖𝑛,1 (𝑇𝑤,1 − 𝑇𝑔,1 )
, where 𝜀𝑙−𝑙 is the effectiveness of heat capturing unit,
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2.

𝑘𝑊

which is a liquid-liquid heat exchanger and 𝐶𝑚𝑖𝑛 ( ) is
℃
the smaller heat capacity rate between glycol and water.
The down-stream conditions for the heat capturing
units (i.e. 𝑇𝑤,2 and 𝑇𝑔,2 ) can be calculated using the
captured heat (𝑞̇ 𝑐𝑎𝑝 ):
𝑞̇ 𝑐𝑎𝑝
(2)
𝑇𝑔,2 = 𝑇𝑔,1 +
𝐶𝑔
𝑞̇ 𝑐𝑎𝑝
(3)
𝑇𝑤,2 = 𝑇𝑤,1 −
𝐶𝑤
Using the down-stream conditions, heat capturing
unit’s wall temperature can be calculated as follows [8]:
𝑅𝑔
(4)
𝑇𝑔,𝑚 + (𝑅 ) 𝑇𝑤,𝑚
𝑤
𝑇𝑤𝑎𝑙𝑙 =
𝑅𝑔
1 + (𝑅 )
𝑤
℃

℃

, where 𝑅𝑔 (𝑊) and 𝑅𝑤 (𝑊) are the glycol and water
side thermal resistances respectively and can be
calculated using the heat exchanger surface area (A) and
heat transfer coefficient (h) as follows:

(5)
(6)

Also, 𝑇𝑔,𝑚 and 𝑇𝑤,𝑚 in equation 4, are the glycol
and water side average temperatures, which for
simplification purpose, are assumed to be the arithmetic
average of upstream and downstream temperature
values.
𝑇𝑔,1 + 𝑇𝑔,2
(7)
𝑇𝑔,𝑚 =
2
𝑇𝑤,1 + 𝑇𝑤,2
(8)
𝑇𝑤,𝑚 =
2
In the heat delivery unit, the required heat in order
to heat up the intake air to the minimum required
temperature (𝑇𝑚𝑖𝑛 = 3℃) can be calculated as follows:
(9)
𝑞̇ 𝑟𝑒𝑞 = 𝐶𝑎𝑖𝑟 (𝑇𝑚𝑖𝑛 − 𝑇𝑎𝑚𝑏 )
Also, the available heat which closed-loop glycol
circuit is providing can be written as follow:
(10)
𝑞̇ 𝑎𝑣𝑎 = 𝜀𝑙−𝑔 𝐶𝑚𝑖𝑛,2 (𝑇𝑔,2 − 𝑇𝑎𝑚𝑏 )
The MATLAB code is developed based on two
coupled iteration process. The down-stream conditions
of the heat capturing unit are calculated by first iteration
using the initial guess for glycol temperature (𝑇𝑔,1 ) as
1oC. Then the results of the first iteration are fused as an
input to the second iteration in the heat delivery unit and
vice versa.
For all the cases that ambient temperature is smaller
than the minimum required temperature, there are two
possibilities. First case is when the available heat is
greater than the required heat. In this case, the heat
recovery system can cover all the required heat at intake
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Fig 3. Heating cost /Economic savings (a). Accumulated; (b). Monthly basis

shaft; and as a result, the delivered heat (𝑞̇ 𝑑𝑒𝑙 ) is equal
to the required heat.
1
(11)
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The second case is, when the available heat is smaller
than the required heat. In this case, heat recovery system
can cover a portion of the required heat at intake shaft
and the rest needs to be provided by other energy
source.
2
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The glycol down-stream temperature for heat
delivery unit (𝑇𝑔,1 ) can be calculated using the delivered
heat as follows:
𝑞̇ 𝑑𝑒𝑙
(13)
𝑇𝑔,1 = 𝑇𝑔,2 −
𝐶𝑔
In order to prevent the glycol stream from freezing
at heat delivery unit in cold days, a bypass valve has been
included in the system to keep the minimum glycol
down-stream temperature (𝑇𝑔,1 ) at 1℃, meaning that
whenever the glycol temperature goes below 1℃, the
bypass valve operates to mix the hot and cold glycol to
maintain the minimum temperature of 1℃.
The pressure drop due to the installation of heat
delivery unit at the intake shaft has been taken into the
account. This pressure drop adds up to the operating cost
of the mine. The pressure drops and corresponding
power can be calculated as follows:
(14)
∆𝑃𝑖 = 𝑅𝑒𝑠𝑖 𝑄 2 𝑎𝑖𝑟,𝑖
𝑃𝑜𝑤𝑓𝑎𝑛 = 𝑄𝑎𝑖𝑟,𝑖 ∆𝑃𝑖
(15)
Assuming the motor efficiency and fan efficiency to be
𝜂𝑚𝑜𝑡 and 𝜂𝑓𝑎𝑛 , respectively, the actual power induced

by heat delivery unit installed at the intake shaft area can
be calculated as follows:
𝑃𝑜𝑤𝑓𝑎𝑛
(16)
𝑃𝑜𝑤𝑎𝑐𝑡 =
𝜂𝑚𝑜𝑡 . 𝜂𝑓𝑎𝑛
2.1 Economic Analysis
Intake air heating cost (𝐶𝑜𝑠𝑡ℎ𝑒𝑎𝑡𝑖𝑛𝑔 ) and the total
economic savings by the mine water heat recovery
system by taking into account the induced fan power
cost (𝐶𝑜𝑠𝑡𝑠𝑎𝑣 ) can be calculated using the price of fossil
fuel at the mine site location (𝑃𝑟𝑓 ), the system operation
time (𝑡𝑜𝑝 ) and the burner’s efficiency (𝜂𝑏 ) as:
(17)
𝐶𝑜𝑠𝑡ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = (𝑞̇ 𝑟𝑒𝑞 . 𝑡𝑜𝑝 . 𝑃𝑟𝑖𝑓𝑢𝑒𝑙 )⁄𝜂𝑏
(18)
(𝑞̇ 𝑟𝑒𝑞 . 𝑡𝑜𝑝 . 𝑃𝑟𝑓 )
𝐶𝑜𝑠𝑡𝑠𝑎𝑣 =
− 𝑃𝑜𝑤𝑎𝑐𝑡 . 𝑡𝑜𝑝 . 𝑃𝑟𝑒𝑙
𝜂𝑏
Table1. Operating parameters used in MATLAB code
Parameters
Value Unit
𝑚3 . 𝑠 −1
Air flow rate (𝑄𝑎𝑖𝑟,𝑖 )
438.9
$/𝐺𝐽
Price of Fuel (𝑃𝑟𝑓 )
13
$/𝑘𝑊ℎ
Price of Electricity (𝑃𝑟𝑒𝑙 )
0.080
Fan efficiency (𝜂𝑓𝑎𝑛 )
0.75
Electric motor for fan efficiency 0.95
(𝜂𝑚𝑜𝑡 )
Burner efficiency (𝜂𝑏 )
0.95
Heat capturing unit efficiency 0.68
(𝜀𝑙−𝑔 )
Heat delivery unit efficiency (𝜀𝑙−𝑙 ) 0.75
Mine
discharge
water 16
℃
temperature (𝑇𝑤,1 )
𝐿𝑖𝑡/𝑠
Mine discharge water flow rate
20
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3.

RESULTS AND DISCUSSION
A feasibility case study of the Mine Water Heat
Recovery system is investigated for one of the real-life
Canadian mines operation who asked to remain
anonymous. Figure 2 shows the ambient air temperature
reported by the mine site over a year (the green line), the
Canadian Government temperature database [9]
averaged over 13 years (the blue line) and the minimum
required temperature at the intake shaft (the red line).
Note that, the intake air heating system operates from
January to April and October to January for the
mentioned mine as the ambient temperature is below
3℃. The operating parameters used in the MATLAB code
are listed in Table 1.
Economic savings with the mine water heat recovery
system is compared to the intake air heating cost in
figure 3. Fig. 3(a) shows the accumulated heating cost
and savings by MWHR system within an operating year.
As the figure shows, installing the MWHR system for the
studied mine can save $0.43 M CAD out of $0.53 M CAD
of annual air heating cost. In addition, Fig. 3(b) shows the
monthly bases comparison of heating cost and savings by
MWHR system. As seen in Fig. 3(b), there is no intake air
heat demands between May to September; as a result,
MWHR system can be shut down and removed during
this time period in order to avoid induced fan power
costs.

Fig 4 Energy savings contour map for HDD and air flow rate

In order to have a wider overview of the feasibility of
MWHR system for different mines, the energy savings (in
GJ) by the MWHR system are provided with contour map
in figure 4 based on the two main parameters of mine

intake air volume flow rate and Heating Degree Days
(HDD). As can be seen from figure 4, depends on the
intake air heating demands and mine air flow rate at
intake shaft, for some cases with lower intake air flow
rate and HDD, the energy savings by MWHR system is not
significant compare to the size of investment which
makes the system infeasible for such cases, and as the
two mentioned parameters increase, the more savings
can be achieved and MWHR system is more feasible to
install in the mine site.
4.

CONCLUSION
In this paper, a numerical model is developed using
a MATLAB code to investigate the Mine Water Heat
Recovery system. The model is applied to a real-life
Canadian mine which shows almost 80% savings on
heating cost with use of the proposed system.
Throughout the study, it is shown that the feasibility of
the system is highly dependent of the intake air flow rate
and HDD of the mine.
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