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NOMENCLATURE

Roman

A : size of areca [m?]
Amp : the above ground temperature fluctuations [C]

Amp, : the amplitude of the soil temperature fluctuations at a certain

depth [TC]
C . specific heat [mt/m'k]
k : thermal conductivity [W/mK]

L . thickness [m]

q,. - local terrestrial heat flow value [W/m?]
Q . heat transfer rate [W]

R : thermal resistance [mk/w]

t, : the day of the year [day]

t : the phase constant [day]

T,  : geothermal temperature [TC]

T,  : annual surface soil temperature [C]

T : mean annual surface soil temperature [C]
T : depth [m]

Greek Symbol

« : thermal diffusivity [m*day, m?%s, mm'/s]
P : density [kg/m?]
w : angular frequency [rad/s]
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Summary

In nowadays Ground Source Heat Pump(GSHP) installation has been increased by
average 10~30% yearly.[1]

The development of geothermal heat pump system application field like
IEA(International Energy Agency) HP(Heat Pump) Annex 28, 29("heat pump
performance evaluation technology", "heat pump marketplace problem") has gotten
more expense and energy saving than conventional heat pump system.

GSHP system used for heating and cooling of residential and non-residential
facilities that relatively used approximately 10~20C, 50~200m deep. A comparison
between a geothermal heat source system with atmospheric heat source system, shows
one of advantage that geothermal heat source system temperature range more stable
than atmospheric heat source system.

Although geothermal heat source system requires high initial cost, it reduces
management and maintenance cost for Life Cycle Cost(LCC), which can be obtained
by effective design.

The key point of geothermal technology depends on steadiness of technology,
deveolopment of design technology and infrastructure installment, reaction of heat and
part manufacturer.

As known the geothermal energy can be used in different fields such as: space
facility heating/cooling, hot water and crop dry, argricultural green house, government
public building heating/cooling etc.

The latest researches trends are focusing on soil thermal conductivity, geothermal
heat pump system life cycle cost performance evaluation, reduction of the initial cost
of the hybrid system and development of the geothermal heat pump system design.

This study is to develop a model to predict the soil temperature variation in KIER
using its geothermal properties, such as, thermal conductivity and diffusivity.

Soil depth temperature variation is very important in the design of a proper GSHP
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system. This is because the size of the borehole depends on the soil temperature
distribution, and this can decrease GSHP system cost. For given the thermal
diffusivity and conductivity are known, the soil temperature can be predicted by
either the Krarti equation or the Spitler equation. Then a comparison and analyzation
of the Krarti equation and Spitler equation data with the measured data by high
speed wireless ground heat exchange effectiveness tester can be performed.

The thermal conductivity, thermal diffusivity, thermal resistance and specific heat
are measured by soil thermal property tester to help the limitation of high speed
wireless ground heat exchange effectiveness tester measurement.

Finally, case study has been carried out to study a geothermal heat pump and its
economic analysis by using RETScreen which is a renewable energy economic design

tool.
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Fig. 3-1 High speed wireless ground heat exchange effectiveness tester
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Table 3-1 Specifications of high speed wireless

ground heat exchange effectiveness tester

Material Steel
Diameter [mm] 23
Weight [g] 99.8
Length [mm] 235
Sink velocity [m/s] 0.1
Water resistant [bar] 100
Battery usage time [hour] 3
Store measurement data 16,000
Measurement time[sec] 3.5
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Fig. 3-2 Blackdiagram of high speed wireless

ground heat exchange effectiveness tester
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Fig. 3-4 The appearance of soil thermal property tester controller & sensors (left:
soil thermal property tester controller, right-up: 6cm sensor, right-center: 10cm sensor,

right-down: 30mm dual sensor)
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Table 3-2. Specification of soil thermal property tester

Measurement
speed

2min

Data storage

4095 measurements in flash memory
(both raw and processed data are stored for download)

Operating
environment

controller

0 to 50C

SE€NSOrs

-50 to 150C

Sensor

6cm
single-needle size
(KS-1)

1.3mm diameter x 60mm
long

10cm
single-needle range
(TR-1)

k : 0.02 to 2.00 W/mK
R : 0.5 to 50mK/W

accuracy

+ 5% from 0.2-2W/mK
+ 0.01W/mK from
0.02-0.2W/mK

size

2.4mm diameter x 100mm
long

range

k : 0.10 to 2.00 W/mK
R : 0.5 to 10mK/W

accuracy

30mm

+ 10% from 0.2-2W/mK
+ 0.02W/mK from
0.1-0.2W/mK

dual-needle

(SH-1) size

1.3mm diameter x 30mm
long, 6mm spacing

range

k : 0.02 to 2.00 W/mK
R : 0.5 to 50mK/W

o : 0.1 to 1mm?/s

C : 0.5 to 4MJ/m*K™!

accuracy

ki £ 5% from 0.2-2W/mK
a : £ 0.01W/mK from
0.02-0.2W/mK
C : £ 5% at thermal
conductivities above 0.1W/mK
+ 7% at thermal conductivities
above 0.1W/mK
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Fig. 3-6 The appearance of soil vs depth
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lo

BE o] &3}o] Fig. 4-59F #& 1Y Z S} Table 4-4, Table 4-59F #2 An= o
A HAth 93714 bE Matlab TR IO E Krarti A5 &% o=
o 2Efze] yebbe Zels BASY] A9k gtolth S S
olElo]i AM L Krarti A% &% o 52& o]&3}d]

o] Aol A & 5 Aol Krarti AT &% o523 Spitler X
A2 AA 578 Aot A9 B @S
A 2% dF2 Spitler AT 2% dF52S AA SHdolE 9} v, BA4E&

7] g Zragieow FAARL, dads N, 4 2EE 9 daawd, 2

!
o7 FHEsle] v Aol HAlvlolH = Fig. 4-63 o]l el AAldeoly et
Ao Matlab AlE 2] HlolEl7F A dAet= AyE HAFAT |, 16~

60m T7Fe] LEEBFA 05C LExpo]E HY O} o] oL
]

model(z)=T — T

m a

Table 4-1 Input value

Parameter Value
T, 13.7C
T, 12.7C
Qo 0.082114 m?%day
ty 79
t, 1 : 1825 : 365
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Table 4-2 Final set of parameter according to Spitler equation(¢,=30)

Asymptotic Standard Error

Parameter Final set of parameter
T, 16.0681 +/- 0.0128 (0.07963%)
T, 5.9709 +/- 0.5056 (8.468%)
t, 86.2004 +/- 0.5715 (0.663%)
o 0.444332 +/- 0.01468 (3.303%)

Table 4-3 Final set of parameter according to Spitler equation(f,= 79)

Asymptotic Standard Error

Parameter Final set of parameter
a 15.931 +/- 0.06152 (0.3861%)
T, 3.60847 +/- 0.5355 (14.84%)
Y 34.9823 +/- 0.9302 (2.659%)
« 0.471687 +/- 0.01854 (3.932%)
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Table 4-4 Final set of parameter according to Krarti equation(16m deep)

Parameter Final set of parameter Asymptotic Standard Error
T, 15.9915 +/- 0.0128 (0.3556%)
A 3.16519 +/- 0.07604 (2.402%)
D 2.16396 +/- 0.0378 (1.747%)
b 4.34776 +/- 0.06352 (1.461%)

Tabel 4-5 Final set of parameter according to Krarti equation(100 m deep)

Parameter Final set of parameter Asymptotic Standard Error
T, 16.0686 +/- 0.01278 (0.07951%)
A, 3.2133 +-0.05517 (2.202%)
D 2.19028 +/- 0.03657 (1.654%)

b 4.38106 +/- 0.06389 (1.458%)
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Fig. 4-4 Soil temperature variation according to Spitler equation
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Fig. 4-5 Soil temperature variation according to modified Krarti equation
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Fig. 4-6 Annaul soil temperature variation according to modified Krarti equation

(100m deep)

- 33 -



Al

K

o
uze)

o 0.5m

#a

=

71E

s

] 2m¢l E%] 0.5m A= AF

3 E

ek 4714 A4

shel 574

ojo
o

X
.Z__l

il

{2l

=
=

32 W wahw, E

Z

)
T
iz
ofny

wjr
K
W
Mo
o

0

]

2110

;A:I
o

. o

= H

:32] zho]

~2.0m73F A2 o

R .

Al

Pk 28y zlo] 0.5m™ A=

S

A}

SR

=
=

O

Al

™

N
T

<!

o

T

)AO

Ql

N

ol 184]

o

o] =efol

o oA

TH
o

my
iz

K=01, R=10.8% ®H3}7} A

)

o

fife)
0

o
el
op

TR

il

o
T

o

e

B
EK

ot

B e mE <

eN
T

©] Table 4-6

KeN
1=

o}

4-7~Table 4-10

i

4-7~Fig. 4-10

3lol] o3t 1z olt} mpAUFO F Table 4-113%

EI!

g

s

Al

Fig. 4-11

- 34 -



Table 4-6 Soil thermal properties

Thermal Conductivity

Thermal Diffusivity

Thermal Texture
Class o 2 2
W/mK Btu/ft hr °F em?/sec ft*/day
Sand
0.77 0.44 0.0045 0.42
(or gravel)
Silt 1.67 0.96 - -
Clay 1.11 0.64 0.0054 0.50
Loam 0.91 0.52 0.0049 0.46
Saturated Sand 2.50 1.44 0.0093 0.86
Saturated Silt or
1.67 0.96 0.0066 0.61
Clay
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Table 4-7 The comparison of thermal conductivity

K(w/mk) (dry soil)

depth(m)
1 2 3 Average
0 0.188 0.197 0.195 0.19
0.5 0.181 0.181 0.178 0.18
1.0 0.185 0.194 0.188 0.19
1.5 0.187 0.190 0.190 0.19
2.0 0.200 0.204 0.204 0.20
K(w/mk) (wet soil)
depth(m)
1 2 3 Average
0 0.353 0.365 0.369 0.36
0.5 0.373 0.385 0.388 0.38
1.0 0.866 0.848 0.868 0.86
1.5 0.436 0.436 0.438 0.44
2.0 0.645 0.641 0.643 0.64
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Table 4-8 The comparison of thermal diffusivity

a(mm’/s) (dry soil)

depth(m)
1 2 3 Average
0 0.172 0.175 0.174 0.17
0.5 0.157 0.157 0.151 0.16
1.0 0.169 0.172 0.173 0.17
1.5 0.154 0.155 0.155 0.15
2.0 0.167 0.168 0.167 0.17
a(mm’/s) (wet soil)
depth(m)
1 2 3 Average
0 0.287 0.295 0.296 0.29
0.5 0.292 0.291 0.288 0.29
1.0 0.457 0.451 0.454 0.45
1.5 0.366 0.358 0.353 0.36
2.0 0.453 0.447 0.447 0.45
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Table 4-9 The comparison of thermal resistance

R(mk/w)(dry soil)

depth(m)
1 2 3 Average
0 5.315 5.069 5.139 5.17
0.5 5.523 5.512 5.632 5.56
1.0 5.411 5.146 5.313 5.29
1.5 5.345 5.267 5.263 5.29
2.0 5.000 4.890 4.902 4.93
R(mk/w)(wet soil)
depth(m)
1 2 3 Average
0 2.834 2.737 2713 2.76
0.5 2.684 2.597 2.579 2.62
1.0 1.154 1.179 1.152 1.16
1.5 2.295 2.296 2.283 2.29
2.0 1.551 1.560 1.555 1.56
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Table 4-10 The comparison of specific heat

C(mt/m’k)(dry soil)

depth(m)
1 2 3 Average
0 1.094 1.127 1.118 1.11
0.5 1.153 1.156 1.173 1.16
1.0 1.095 . 127 1.090 1.10
1.5 1.214 1.227 1.229 1.22
2.0 1.199 1.218 1.221 1.21
C(mt/m'k)(wet soil)
depth(m)
1 9 3 Average
0 1.229 1.240 1.247 1.24
0.5 1.227 1.324 1.346 1.30
1.0 1.895 1.878 1911 1.89
1.5 1.189 1.217 1.240 1.22
2.0 1.424 1.440 1.440 1.43
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Table 4-11 The comparison of water content

difference of

percentage of

depth(m) wet soil(g,,) dry soil(g,) soil weight
water (%)
(A9 =9, 94)
0 195.85 190.82 5.03 2.64
0.5 333.09 317.79 5.3 4.81
1.0 330.32 290.18 40.14 13.83
1.5 208.37 195.55 12.82 6.56
2.0 246.65 222.41 24.24 10.90
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EED (Hellstrom and Sanner 2000), GchpCalc (Kavanaugh n.d.), GLDesign (Peterson
2000), GLHEPRO (Spitler 2000), GS 2000 (Morrison 1997), RETScreen
(CETC-Varennes 1996) s©| 3l

o] = RETScreen AXESo7l 7F4 o] RFgEHo] o 1 AgA} &=
A 21670 957577, 12270 thstoll A AREH AL Slvh EIE Fro] o] B
o] AZHA =ulellx: @2 ARSAE A Aoz T|dEn.

Table 5-1 Geothermal exchanger design program

Name Source
GLHPCalc Energy Information Services, Tuscaloosa AL, USA
EED Lund Univ., Lund, Sweden
GLHEPRO IGSHPA, Stillwater OK, USA
RIGHT-LOOP Wright Associates, Lexington MA, USA
GS2000 Caneta Research, Canada
RETScreen CEDRL, Canada
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AEAS T A on] 7heAd BUEE FEA R A BREAel gRY 84
Ad] A|2Ee] AR FFAANE FF B AR[zef dHd Z2AE A
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GSHP system Building Weather data
user input user input user input

Generate load vs. Generate
temperature temperature bins
relationship, and calculate

design loads and ground

balance points temperature

Estimate installed
capacity of heat
pump
Calculate building
load for each bin

Evaluate ground

loop dimension or
groundwater flow Evaluate actual heat

pump performance
and capacity
for each bin

Calculate
supplemental heating
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GSHP system annual

energy use
(heating and cooling)

Fig. 5-2 RETScreen geothermal exchange design software flow-chart
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Frolect_name = % Commercial System @ Online Weather Datahase

RETScreenonthe Web b | (3 Decision Support Centre
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RETScreen® Energy Model - Ground-Source Heat Pump Project

Training and Suppon

Site Conditions i Notes/Ranye ibtemet Eafdms
Project name Commercial em See Oniine Manuai
Project location Nova Scotia, Canada Marketplace
Auailable land area m* 3,000 ‘
Soil type - Light rack Case Sludies
Design heating load ki ana (e Compiete HECLC sheet e-Teuthook
Design cooling load Iy 578
System Characteristics Estimate Notes/Range
Base Case HYAC System
Building has air-conditioning? yesing Yes
Heating fuel type - Electricity
Heating system seasonal efficiency % 100% 5a% to 350%
Air-conditioner seagzonal COP - 30 24t060
Ground Heat Exchanger System '
System type - GSHP3 v x
Design criteria -
Tpical land area required m* 233 ? e @ fa
Ground heat exchanger layout -
Total barehole length m 837
Heat Pump System
Awerage heat pump efficiency -
Standard cooling COP - 5.50
Standard heating COP F 4.00
Total standard heating capacity kil 384
million Btuih 013
Total standard cooling capacity il 546
[ton {coaling) 158
Supplemental Heating and Heat Rejection System
Suggested supplemental heating capacity ey oo
000
Suggested supplemental heat rejection kil on
million Btuih 0.000
Annual Energy Production Estimate Hotes/Ranye
Heating
Electricity uzed bty 220
Supplemental ensray delivered Wit 0o
GSHP heating energy delivered b 69.7
278
Seasonal heating COP - 32 30tadl
Cooling
Electricity used ik 137
GSHP cooling enaray delivered Wb 70.7
2813
Seasonal cooling COP - 54 200545
Seasonal conling EER (Btu/mim 183 7.01019.0
Compiete Cost Analysis sheet

Weion 2.0 @ Minister of Matural Resources Canada 1997 - 2005 NRCan/CETC - Warennas

4 4 » Wi IntroY, Eneray Model {Heating and Cooling Load {Cost Analysis {GHG Analysis £ Financial Summary { Sensitivity £ Sheetl £ Sheet2 { Sheet3/

Fig. 5-3 Energy model worksheet
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RET$creen® Heating and Cooling Load Calculation - Ground-Source Heat Pump Project

Site Conditions
Mearest location for weather data
Heating design temperature
Cooling design temperature
Average surmmer daily temperature range
Cooling humidity level
Latitude of project location
Mean earth temperature
Annual earth termperature amplitude
Depth of measurement of earth temperature

Estimate

6 -17.0
C 253
C g
Mediurn
N 45
T 3.0
C 140
m 0.0

Halifast It A, MSI

Notes/Range
See Westher Datahase
-40.0tn 15.0
10.0 10 40.0
50to 150

50.0ta 90.0
Wisit NASA satelite data site
50t0200
001030

Building Heating and Cooling L oad

Type of building
Available information

Building floor area

Mumber of floors

Window arez

Insulation level

Occupancy type

Eguipment and lighting usage
Building design heating load

Building heating energy demand
Building design cooling load

Building cooling energy dermand

Estimate

Cammercial
- Descriptive data
e 1,000
floor 1
= Standard
hedium
Daytime
: Moderate
kv 303
0104
tlWiéh 9.7
w79
kv 878
164
tléh 70.7

rmillion Btu

2413

Region

| aass

‘ . & Certral America v: Letitude [°]

Lonaitude [°]

| -63.52

Coundryy ‘ Canada -|

Frovince / State ‘ HS 'J Visit HASA Satellite
— Data Site
Wiather Station ‘ Halifax Int'l, & vl
i Help
Hesting Design Temp [*C] -

-16.0
Cooling Design Temp [°C] ,T J Paste Data
Ayg. Summer Daily Temp Range [°C] | 10.0 g

Date modified: 200411 1704

Return to Energy Model sheet

ersion 3.0

@ Minister of Matural Resources Canada 1997-2005.

WNRCaniCETC - Varennes

4« v i Intro { Energy Model’ Heating and Cooling Load / Cost Analysis { GHG Analysis £ Financial Summary { Sensitivity / Sheet] {Sheet2 {Sheet3/

Fig. 5-4 Heating and cooling load worksheet
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RETStreen® Cost Analysis - Ground-Source Heat Pump Project
Tyne of analysis: Pre-leasibiliti EJ Currency: Cost references:
itis its) i Juanti Unit Cost Amount _Relative Costs  Qu ang
Feasibility Stu
Cther - Feasiilly Study [ Cost | 0 [§ BE - - -
Sub-totat [] - 0.0%
Development
Cther - Develogment [ Cost ] 0 s -8 - - -
Sub-total $ - 0.0%
Engineerin,
Cther - Enginesring [ Cost ] 0 s -8 - - -
Sub-totak $ 3 0.0%
Energy Equipment
Heat pumps KW cooling 553 k] 330§ 18,243 - -
Well pumps 4 1] ¥ -|% : - 5
Clrculating pumps: i 08 ¥ 830 | § 799 - -
Clrculating fluid n® 016 ¥ 2800 | % 412 - -
Plate heat exchangers [ ng ¥ -8 - - &
Trenching and backfiling m 0 ¥ -8 B = :
Driling and grouting m 8a7 ¥ 1200 | § 10,762 - -
Ground HX loop piges m 1754 k] 250 | % 4484 - -
Fittings and walves KW cooling 353 ¥ 1200 | § 663 - -
Cther - Eneray Equipmert [ Cot | 0 ¥ -1 % : - e
Electric cerfral heating system | Credit | 1 ¥ 20000 | § (20,000) . s
Sub-total: [} 15,364 T E%
Balance of System
Supplemental hesting system Ky 00 ¥ § 3 b
Supplemental heat rejection 4 00 ¥ § % < =
Internal piping and insulstion KW cooling 353 3 60§ 3317 - -
Cther - Balance of Syztem [ Cot | 0 ¥ -8 = = =
Credt -Belance of System | Credit | 1 § 10008 £1,000) . 2
Sub-total: § 237 108%
Miscellaneous
Training ph $ 980 1 2
Conti % 15% ¥ 16,661 2799 - -
Sub-total: 3,71 17 6%
Initial Costs - Total 21,460 100.0%
Amount Relative Costs  Qu
Property taxesnsurance project 0 § -8 s = -
QaM labour mn? 1,000 ¥ 280 | § 2500 - -
Trawel &nd sccommodation p-trip 0 § 3 7 - 3
Cther - Ot [ Cot 0 § -8 - - -
Credt - O8M [ Credt 1 ] 3500 | § £3,500) i :
Cont % % ¥ 1768 § 384 - -
Sub-total: $ (116) -124%
FuelElectricity
Electricty i 40,633 § 0.060 | § 2438 - -
Incremental electricty load K -15.0 § 120 (1,805) - -
Sub-total: 633 122.4%
Annual Costs - Total 517 100.0%

Periodic Costs (Credits) Unit Cost
Hesat pump compressor Cost 10yr ¥ 5000 | % 5,000 - -

W4 v n\Tntro /Energy Model {Feating and Cooling Load), Cos Arialysis {GHG Analvsis {Financial Summary { Sensitivity { Sheetl { Sheet2 { Sheet3/

Fig. 5-5 Cost analysis worksheet
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Praject Informatian
Project name

Commersial System
Project location

3D
DEHRSSL | VE | $BRA-F9-

2D

M) HIOIE (D)
Yes

Type of analysis:

-2l
RETScreen” Greenhouse Gas (GHE) Emission Reduction Analysis - Ground-Source Hest Pump Fraject
Use GHG analysis she

#HW E8
|

ElG)]
7]

RETScreen

ﬁ : Arial

Nova Seotia, Canada

Global Warming Potential of GHG

1tonne CH.= 21 tonnes CO.

(IPCC 1908)
{tonne N.O= 0 tonnes CO,  (IFCC 1908)
¢ €0 emission CH,emission N.0 emission  Fuel corwersion Tam I
Fuel type Flelifix factor factor factar efficiency losses sson
[#] (kiG] (kaiGJ] (kiG] (%] %] [Hooaf M)
Hatural ga= [NES ] 00070 0.0010 0% 5.0% 0301
~ Bectrolty mix 700 T ) o028 ] T
Hezting and ¢
— Fuel mix  COeemission CH,emission N.D emission  Fusl corwersion p-.. k.
3 factor factor factar efficiency "
%) [ka!/GJ] [kg?GJ) (hafGJ] %) e ofMih)
Heating system
Bectricity 100.0% 1355 0.0072 0.0024 100.0% 0.491
Cooling system
Bectricity 100.0% 1355 0.0072 0.0024 00.0% 0.164
Fuel b Fudli CO:emission CH,emizsion N.0 emission  Fuel coruersion em“’s"s‘fon
e e g e factor factor factar efficiency S
(%) (ka/GJ] (kaGJ) (kafGJ] (%) TheoaiMith)
Hesting system
Bectricity 100.0% 1355 0,007 0.0034 3654 0155
Conling system
Bectricity 100.0% 135.5 0,007 00034 536,34 0093
Base oase GHE Proposed vase GHG
&mi ssion factar

Hezting system
Conling system

oM )
0,481

emission factor

[versian 5.1

End-use annual parial GHE
energy deliverad emission reduction
[t sMHR) (M) ]
0.155 W7 o4
0,184 0.0 07 510
Met GHE emission reduction _tyr 2059

i 4 » wliIntro fEnergy Model /Heating and Cooling L

® il Walons Erronment Frogranme & Mris er o7 Nakeal Fescurces & anala 2000 - 2005,

Coniplete Rinancial Suiniary sheed

UMEPIDTIE and NECan' ETE - varernes

ol £ Cost Analysisy, GHG Analvsis {Fnanc

=]

mary £ Sensitivity fSheet] /Sheet2 {Sheetd /
Fig. 5-6 Green-house gas(GHG) emission reduction analysis worksheet
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RETScreen” Financial Summary - Ground-Saurce Heat Pump Project

Cumulative Cash Flows Graph

GSHP Project Cumulative Cash Flows
Prison Facility, Nova Scotia, Canada
Year-to-positive cash flow 1.3 yr IRR and ROI 80.7% Het Present Value § 150,074

450,000

400,000

300,000
s A8
< /
g 260,000
C 7

e
= Pl
n 4
i P
¢ 20000 i
2 -
£ o
3
£ Al
3 150000 —
‘..//
100,000 /
=
-
¢
J.//
mo }—————————
_———
& 2 3 4 i 8 » 8 g 10 128314 1657A 7 18 8B N M 22 n M¥ 17
Years
Version 2000 - Release 2 & Minister of Natural Resources Canada 1887 - 2000 NRCanCEDRL

Fig. 5-7 Life cycle cost
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Table. 5-2 Verification of RETScreen reliability

Heating Energy
use Difference(%o)
kWh
RETScreen 37,202
Toronto 14
Monitored 36,686
RETScreen 36,138
Montreal 1.8
Monitored 35,490
RETScreen 37,158
Charlottetown 0.6
Monitored 36,922
RETScreen 33,243
Winnipeg 1.0
Monitored 32,926
RETScreen 37,888
Vancouver -3.0
Monitored 39,016
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