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Energy needs of remote regions

Communities

 ~50 % of energy consumed is for space and water heating
« Single diesel furnaces provide heating to each building

e 0.16 $/kWh thermal for subsidized diesel at 1.4 $/L

Mines

» Heating of underground workings can be required

* Fossil fuels are mainly used to produce heating

* 0.06-0.29 $ heating per ton extracted (MERN, 2016)




Alternatives to fossil fuels

Heat production

Heat recovery

Biomass

Waste to enel’gy www.matrixenergy.ca

Geothermal energy

e Ground source heat pump (shallow)

 Thermal energy storage (shallow)

 Enhanced geothermal system (deep)



Overview of possible geothermal systems

Ground source heat pump (GSHP) Thermal energy storage (TES) Enhanced geothermal systems (EGS)
* Absorption (combustible) « Seasonal * Hydraulic stimulation
» Electric + Solar PV « Solar thermal/PV * Deep wells (3 —5 km)
* Borehole heat exchangers (100- » Borehole heat exchangers (30-50 m) » High temperature (50 to 100 °C)
200 m) » Moderate temperature (10 to 50 °C)

 Low temperature (-10 to 10 °C)
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Geographical setting Comeau et al. (2017)
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Permafrost distribution
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Lemieux, J.-M., et al, 2016.
Groundwater occurrence in cold
environments: examples from
Nunavik, Canada. Hydrogeology
Journal, Volume 24, Issue 6, pp
1497-1513.
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Temperature balance at the ground surface

Mean surface temperature (°C)
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Geology and heat flow

Geology
Hudson Bay Platform
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Geology and thermal conductivity distribution
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Extrapolated temperature
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Tz (° C) is the temperature at depth z

T, (C C) is the undisturbed ground temperature

Qo (W/m?) is the surface heat flow

z (m) is the depth below surface

A (W/m-K) is the effective thermal conductivity 2000
A (W/m3) is the average heat generation rate.
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Is geothermal system operation feasible is this subarctic
climate?

What kinds of benefits can it generate?

https://ykonline.ca

B EBnpre. L. I *Wellowknife
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Kuujjuaq geological setting
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Methodology

Shallow systems

- Geophysical surveys (permafrost characterization)

- Permeability tests

- Rock and soil sampling

- Laboratory analysis (thermal conductivity, heat capacity)

- Temperature-depth profiles
- Numerical simulations
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Methodology

Deep resources

Temperature-depth profiles

Fracture network characterization at outcrops

Rock sampling

Laboratory analysis (thermal conductivity, heat capacity,
radiogenic heat production)

Analyses of geothermal gradient and heat flux
Numerical simulations

25 mm
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Methodology @ laboratoire @uvert de £ éothermie

Advance laboratory testing

* Influence of temperature on thermal conductivity from permafrost to reservoir conditions
(-10 to 180°C; guarded heat flow meter)

* Influence of heterogeneity on thermal conductivity distribution (infrared scanner)

* Influence of pressure on porosity and permeability (10,000 psi; gas porosimeter and
permeameter)
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Thermal properties analysis — Quaternary sediments
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Thermal properties analysis — Rocks
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d GSHP system simulations

GLHEPRO

Ing an

Bu
SIMEB

Energy needs

88 023 kWhl/y heating

97 kWh/y cooling

Highly unbalanced
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Builiding and GSHP system simulations
SIMEB — GLHEPRO

Geothermal heat pump system

200 m borehole length X 4

2.1 °C average ground temperature
2.8 W/mK thermal conductivity

1.5 W/mK thermal conductivity

2.5 MJ/m3K heat capacity
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Geothermal heat tential
eothermal heat pump potentia = B
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Life-cycle cost analysis — Net present value (NPV)

Heating scenario (71 kWhly):

1) Non-renewable; business-as-usual (diesel boiler)
2) 100% renewable; compression heat pump with electricity input from solar PV panels
3) Partially renewable; absorption heat pump with thermal input from diesel

300K
250K
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150K

CAD$

100K
50K

—Base

2018

Accumulated NPV for Home-Owners

2024
2027
2030
2033
2036
2039
2042
2045
2048
2054
2057
2060

2021
2051
2063
2066
2069

YEAR
Compression HP + solar PV —Absorption HP + diesel

Government’'s NPV = $8,231.76
Government’'s NPV = $9,026.42
Government’'s NPV = $40,891.82

Government scheme:

1) Government pays for 50% of heat pump
and solar PV panels costs

2) No subsidy on diesel and electricity

3) Government supports drilling industry
with cost of drilling $50/m

4) 19.4 $/tonne of CO,



TES for Kuujjuag pumping water station

Electrical
resistivity
tomography

Drinking water network in Kuujjuag:
- Water pumped from Lake Stewart

- Heated up to prevent freezing
- Pumped in a 5 km pipeline to the village
- Distributed to each house by truck

Existing plant

7 degC
To distribution <
30 m3/h
& 150 190
| PIPELINE | ps m?3 liters
60 1 — ) — e \ Lake Stewart / Bd:gc > "
50+ — = O Gacami - O . Mernesedimens o+ 30m’/h
Bedrock T R O — v T, Diesel boiler
40 M— N = (2 x 100 kW)
Energy consumption 570 MWh/
20 40 60 80 100 120 140 160 /

Cost 113,000 $/y (diesel 2.1 $/1)



Pumping station - TES hypothesis
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Pumping station - TES hypothesis

SC1 base case

- Solar area 1000 m2

- One 100 m? short-term tank

-  BTES volume of 22,000 m?3 with 100 BHE (30 m deep, spacing 3 m)
- Water with 50% propylene glycol

58C1 SC2 SC3 SC4 SC5 SCo SC7 SCs8 SC9 SC10 SCl11
Number of BHE (-) 100 100 100 100 100 50 50 100 150 100 100
Gross solar area (m?) 1000 1000 1000 1000 1000 1000 1000 1500 1500 1000 1000
Number of STST (-) 1 2 2 2 2 2 2 2 2 2 2
BTES volume (m?) 22,000 22,000 9500 22,000 22,000 9500 22.000 22,000 35,000 22.000 22,000
BHE spacing (m) 29 29 19 29 29 279 4.1 3 3 3 3
Shape factor (-) 1 1 15 1 1 15 1 1 0.8 1 1
Use of cold STST (-) - CHR/DIS CHR/DIS DIS CHR/DIS CHR/DIS CHE/DIS CHR/DIS CHR/DIS CHR/DIS CHR/DIS
Pre-heating period (y) 0 0 0 0 1 0 0 0 0 0 0
Preheating T (°C) - - - - 10 - - - - - -
Glycol in HCF (%0 vol) 50 50 50 50 50 50 50 50 50 25 50
Flow rate in BTES (m?*h) 40 40 40 40 40 40 40 40 60 40 60
Reynolds number in BHE (-) 1400 1400 1400 1400 1400 2800 2800 1400 1400 4400 2100

- SC2 has 2 short-term storage tanks

- SC3 has half the BTES volume

- SCA4 the cold tank is used in discharge phase only

- SC5 has a pre-heating period to 10°

- SC6 and SC7 less BHESs to save on drilling activities
24 - SC8 and SC9 bigger solar area

- SC10 and SC11 higher Reynolds number



TES simulations - TRNSYS

Temperature in the BTES center

(5 years simulation)

Temperature [°C]

- SC2 lowers the BTES temperature by 2 °C compared to
SC1 due to the second short-term tank

- SC3 has the maximum T span dues to its small volume

Temperature [°C]
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- SC9 lowers the BTES temperature less than
SC2 because of the bigger volume

- SC10 works slightly better than SC2 due to
turbulent flow in BHES

- EQUILIBRIUM after 3-4 years




TES simulations - FEFLOW

Single-U pipes - Initial T 0 degC . e . . . e
Water glycol 50% - Hydraulic grad. 1,5% TGy e e e e . AR

- 3D model 100 x 100 x 50 m - Hydraulic cond. 5 x 10> m/s ‘&i{:‘\:\ AR ’ . “" = AR
- Mesh ~ 500,000 elements - Thermal cond. 1.5 W/mK Sm,“mlu Sete s ® 29m o1 :t;‘ Sete

- 16 months simulation - Heat cap. 3 MJ/m3K T T Tt - I,

- (10 injection — 6 extraction) . .
- Thermal conductivity 1.5 W/mK . A . . .
- Heat capacity 3 MJ/m3K * o * e o ¢ o
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(Eskilson & Claesson 1988)
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Numerical results - FEFLOW _ Scenario C

- Continuous -

['c]
. REEEES
Scenario B
972103
. 507689
Scenario A Temperature 7058
- CO”[IJ&O“S : B 451431
246012
Temperature | % 23% W 230592
- Continuous - W 115173
e ggg%g 000246202
M 16355 711785
147194 592139
13,0837 I 474492
114481 W 355345
98125 W 237198
817683 I 118551
I 654127 0000953452
M 490565
W 227002
W 163441

I -0.00120636

Temperature
- Continuous -
ral

W 106347
957099
850729
744358
637988

Scenario D
SC2 A SC2 B SC2 C SC2 D
Spacing [m] 29 3.8 29 29
Storage shape [-] cylinder  cylinder square square
Radius / Half side [m] 15 20 15 15
Shape factor [-] 0.99 0.75 0.99 0.99
Storage volume [m?] 22.000 38,000 22.000 22000
27 BHE connection in CHR CtoB CtoB CtoB downward
BHE connection in CHR BtoC BtoC BtoC upward




TES performance for drinking water supplies

- BTES provided 45-50% of solar fraction

- Equilibrium is reached after 3-4 years

- Efficiency of 60% can be achieved .

Photo: J. Tukkiapik

- 10% additional heat losses occur by groundwater advection
- Unconventional BHE disposition could help reducing the value to 5% and retrieve more energy

- SC2 could help saving 32,000 $/y and 45 tons of CO,eqly
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Are deep geothermal
resources a viable alternative

solution to produce heat for
northern communities of
Québec?
Enhanced Geothermal Systems

AN AT

Injection well Q Production well

- ydro-fractures



Temperature-depth profile
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Paleoclimate corrections
Quaternary glaciations and Holocene thermal maximum
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Time (a) Paleoclimate corrections
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dT/dz (°C km™)
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)‘ha.-rmonic ar -1
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................

Geothermal gradient

Q (MW m?)
.............. 0 200 & heat flow

Q = 35.6 mWm™2

= [50.5 — 62.7] mW m™2

Paleoclimate correction avoid an
underestimation of the geothermal gradient
and surface heat ﬂow‘

Increase of 29 to 43 %



Estimation of the temperature field at depth (2-5 km)

Temperature (°C)
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District heating system




Eléonore Mine — Gold Corp

High power demand for heating
R — — _ 36 thermal MW needed to heat the

e Dry Tailing Ponhd

: "W@ﬂ — | e i strp underground workings

e

Prodidttion Sha X

Environmental

deProcessing Plant

B "““"’".?*G’Expiorationé_f]iﬂ ;—' "_— c, = & Permanent Camp

Propane burner system is used as heating
source
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Mine water system and site evaluation

F“.—' =

Site 1 Site 2 Site 3 Site 4
Mine water exit WTP entrance WTP exit Emmisary
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Energy assessment — base case

Energy Balance

8000 i Energy
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Flow rate and temperature

> Average water flow rate: 299 m3/h (1316 gpm)
» Average water temperature: 12.2 °C

Water temperature at the Eléonore mine Water flow rate at the Eléonore mine
30 [ 1000
E [ —— Mine water exit (Site 1)
25 | 900 L
20 s L ——Water Treatment Plant exit (Site 3)
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Geothermal heat pump system design

Heat Exchange Plant I Fan
Water for Average January Toir o= =13.0°C
multiple  Water Treatment Plant = m 2“??;3@“” PR T o AT temperature = -22.0°C = | = air.ouf= 13-
uses - . \ I
S \Warm air__

Tw,::)uT=21 1°C Tw,in=] 5.6°C

Flow rate = 2293 gpm
(0.145 m3/s)

Qheating= 3335 kW

Production
well

IAVAVAVAVAN INANANA] IAAAAN]
Minhe Water o JLEVEL 400 Compressor MAAY MAAV] AN
Condenser i
Quomp= 592 kW M B oonsion
COP=5.43
LEVEL 650 AVAVAVAV.Y INAAAN] INAAAA
MAANY] MAY] MAAN]
Evaporator
Tgyeoin= 10.5°C Flow rate = 1500 gpm (0.095 m3/s) Tgiyeolou= 30 °C
Legend Qercnanger= 2743 kW \r
Hot water 30% propylene glycol
Cold water
AV VA VA VA
Warm air Efficiency=98.6 % Intermediate Heat N
S Exchanger >
LEVEL 1140 Water Water
Flowrate= 1315 gpm (0.083 m?3/s) \
Twin=12.1°C Qgu= 2782 kW Twou=4.1°C




Energy assessment — heat pump

Energy Balance

8000 : : : : : 0 0 : : : : 0
3 [ ] Energy needs
Energy GSHP
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0
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S 1000
2
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Energy

37 % of heating needs could be supplied by
a geothermal heat pump system

Economic
$481K/year in savings

Environmental
CO, emission reduced by 2 037 tonnes/year
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Low temperature geothermal heating options

Energy needs

Large Small

Mine District system Water supply Building
Open loop Closed loop

>

Heat pump =

. @

 Electric compressor ©

e Absorption cycle '§

©

>

>

Deep EGS Underground thermal S

energy storage LL




o

Q. di® -
Nakurmiik

Jasmin Raymond, Chrystel Dezayes, Edgardo Alvarado, Evelyn Gunawan
Felix-Antoine Comeau, Ines Kanzari, Mafalda M. Miranda, Nicolo Giordano

lasmin.raymond@inrs.ca

HASKOUNN | REYKJAVlIK @ bﬁénsciences pour une Terre durable /”/ -
entre

d’études
nordiques

REYKJAVIK UNIVERSITY rg m /

/// ”f/////
Institut nordique
du Québec

Together for the Morth

INRS

UNIVERSITE DE RECHERCHE




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43

