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‘ Soleil

= Option Solaire dans le
Batiment au Quéebec

o Solaire Passif
o Solaire thermigue
o Solaire PV

= Outil de simulation
o Comfen
o SolOpt

= Thermopompe assisté de
I'énergie solaire
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Solaire Passif

Energie solaire sur -
une surface
horizontal

Energy + weather
file Montreal
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Solaire Passif Hitin
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Radiation sur une .
surface verticale -
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‘ Solaire Passif

Optimum Orientation
Location: Quebec, CAN

Orisntation based on averge daly incident

rachation on @ vartice surface.
Uinglerhe ated Sress 30188

= Favoriser I'orientation pour le captage S
solaire '

= Emmagasiner I'énergie disponible
= Outils disponible

2 Simulation de batiment (EE4, DOE2, I
Equest, Energy +, TRNSYS, etc. i

— DAactAarnnn
[} MNCTOoLwiccell

o Comfen

Aag. Daly Radation = 17507
Entive Year: 1.77 kivh/im®

Unclrhe atea 2 OF ki Am?
Overheatad 7.10 kivh/m?




‘ Comfen 4.0

Outil de comparaison de facades
Moteur Energy +
Inclus Radiance

Integre Windo
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Project Properties

Project Name

Project Description

Building type

Vintage:

Project North

Location

Default Wall:

wall R-value:
(ASHRAE 90.1)

HWVAC System

Calculation Period

omfen 4.0

varennes 2

test de facade sud

l Office v J

New Construction

15 degrees

l CAN QC Montreal (Intl AP)

vJQ

3. Wood stud wall, R-13 + R-7.5 c.i. (ASHRAE 90.1 - 2007: Zones 6 - 7), 2" x 4," 16" o.c.

21.75 ft2-F-h/Btu

Packaged Single Zone

{ COMFEN currently allows only Packaged Single Zone systems. )

Annual

{ COMFEN currently allows only year-long simulations. )

Geometry and Materials Environment
Width: |=3.5 m Floor Area: Lighting Control: l Continuous @ w J
- 201 m2
Depth: & m Glare Control: [
Height: |g.o5 " HVALC Economizer: l Temp. and Enthalpy J
Lighting Load: 5 wW/mz2
Crient.: | South
Equipment Load: 3 w/mz
wall: l Wood stud wall, varennes rsif J Q
# people: i people
ID: 4 Name: wWood stud wall, varennes rsi 8.26
WALL CONSTRUCTION
First layer is outside layer. (Drag material layers from right] @
D Material Framing Thickness R-value Frame R-v:ilue
{mm) Cavity
1 86 Film coefficient, moving air, 15... continuous 0.00 0.03 0.02
2 75 Steel, mild, sheet, 1/18" continuous 1.59 0.00 0.00
3 71 EPS, R-15.60 continuous 99.06 2.75 2.75
4 26  |Plywood (douglas fir), /4" continuous 19.05 0.18 0.18
5 93 Wood stud (southern pine), 2"... framing 234.95 1.54 =
6 56 Glass fiber-batt, R-30 (2" x 10...  cavity 234.55 - 5.43
7 50 WVapor barrier: seal, plastic film continuous 0.25 0.00 0.00
8 2% Gypsum, sand agg.. 1" continuous 25.40 0.02 0.02
g 24  Film coefficient. still air. vertica... continuous 0.00 0.12 0.12

Cancel J

= Mur RSI 8.26
= Orientation 15 deg

Wall assembly characteristics :

B Framing! 7 B
U-factor: 0.1210 Wi/m2-oK
R-walua: 8.2674 m2-TRW

Azszambly thickness:

280.2015

mm




‘ Comfen 4.0

Pilkington Energy
Advantage argon
SHGC=0.62
U=1.624

= Southwall HM TCS88,
SHGC 0.467
U=0.818

= Quad Solar LowE
SHGC=0.292
U=0.614

= Mur rideau Alum.
U=5.68

= Mur rideau bois
Raico U=1.0




‘ Comfen
Facade sud

= Mur rideau en bois
reduction de
chauffage de 15%

= Fenestration TC-88 :
reduction de 55%

= Quad réduction de
chauffage de 44%

Lighting

H Cooling
B Heating

149 :
147 -
148 :
151 :

cadre alu. double vitrage
cadre alu. HM TC88
cadre bois HM TC88
cadre bois Quad

ANt
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‘ Comtfen exemple

{7 COMFEN 4 [C:\Users\Marti

erl.gﬁle)

‘Comparison

Name

facade sud mur rideau alum surplomb. ngton -
et i ety e “m- Pikngton
184 facade sud mur rideau alum ext shade Pilkington -

facade sud mur rideau alum surplomb : pilkington -
facade sud mur rideau slum surplomb : .52 Pillington -

facade sud mur rideau bois triple surplomb E Southvall -

Summary Energy Facade Window Daylight Tabular

Zone [ Monthly Zane 1 Monthly Facade |

Annual Energy (per Unit Floor Area) Heating Season (Hov-Apr) (par UFA) Cooling Season (May-Oct) (per UFA)

Energy Energy Energy
40 Lighting 40 40
W Fans
W Cooling
p=o W Heating o 20 o =0
- ~ ~
a3 ol a3
[ ] a
2 5 2
< 20 - 20 - 20
& & ]
T b b
e c &
& i &
10 10 10
0 0 0
183 is8 89 183 88 189 183 188 189
Energy-related CO2 Peak Demand Peak Demand Peak Demand
dey 28 28 28
24 24 24
80
-~ 20 ~ 20 ~ 20
g g ¥ g
3 F3 16 F3 16 F3 16
E 40 E 12 E 12 z\, 12
8 8 8
20
4 4 4
o a o o
1832 i88 189 183 i88 189 183 188 189 183 188 189
M Gas W Elec, W Ga= W El=c




‘ Comfen N
Facade sud
= Volets extérieurs fixes

200 i Lighting

. 200 l B Fans
= Volets extérieurs mi I i i i a Caoling
ol M Heating

mObiIeS 148 152 156 157
= Toiles intérieures

m
=
L]

e

=

Enargy [ M1/m2 )

Spring Useful Daylight Illum. Levels Summer Useful Daylight Illum. Levels

— 12000 i — 12000 i

¥ 10000 | ¥ 10000 |

~ 8000 i 8000 i

¥ 5000 | ¥ 5000 |

£ 4000 | —— £ 4000 |

é 2000 i et L EE 2000 i Forgetlllum. levals

u} o
a 1 o 3 4 3 =3 o 1 2 3 4 2 =3
Distance from Facade { m ) Distance from Facade ( m )
Fall Useful Daylight Illum. Levels D Winter Usaful Daylight Illum. Levels

. 12000 | - 12000

¥ 10000 | % 10000 |

—  g000 } —  B000 } e —— —
ﬁ 5000 | ﬁ 5000 | —_—

E 4000 } E 4000 i

_E 2000 l Target llum. Levels _E 2000 l Taigetllum. Levels

= 2| = 5

u} 1 2 2 4 3 = o 1 2 2 4 bl =3
Distance from Facade ( m ) Distance from Facade ( m )

B 148. facade sud mur rideau bois double film B 157. facade sud mur rideau bois ext shade 2/3 ® 160, facade sud mur rideau bois ext shade fixe 156. facade sud mur rideau bois double film shade 2/3




Comfen

Facades Nord

PMV 20%
PMV 10% (-13%)
HM TC88 (-8%)

Quad (-10.4%)

Spring Useful Daylight Illum. Levels

Illuminance [ lux )

500 |
400 |

200 i

200 i

Energy

- I

o 240

E

= 180

=

7 120

o |

it}

£ &0
ol

Target Illum. Levals

Distance from Facade [ m )

Fall useful Dayhght Lllum. Levels

Illuminance [ lux )

s00 I
400 :
300 I
200 i

100 :

Target Hlum. Levels

ol
o

1 2 =

Distance frem Facade { m )

4

W 151, facade nord

162 1632

164

Summer Useful Daylight Illum. Levels

Illuminance [ lux )

Lighting
Fans
Cooling

Heating

Target Illum. Levels

Distance from Facade [ m )

vwinter Useful Dayhght Lilum. Levels

o
(=]
(=]

Illuminance  lux )

Target Hlum. Levels

W 152, facade nord triple film wwr 10

Distance from Facade { m )

W 1632, facade nord HM TCES8

1564, facade nord quad



‘ Comfen

Facades Est

= PMV 30%

= PMV 20%
(+16%)

= HmTCss (-20%)

= Quad (+10%)

[' Useful Tlum. I

Energy { M)/m2 )
[
X
o

Lighting
Fans
Cooling

Heating

166

BASE CASE: 166. facade est W

167

Window

168

165

cade est W 169, facade est WV

Y
4L

Clear Sky I

Spring Useful Daylight THum. Levels

Tlluminance { lux )
s
&
2
a

Diffuse Sky

Target Hlum. Levels

[a] 1 2 3 4

Distance from Facade (m )

Fall Useful Daylight Illum. Levels

Tluminance [ lus ]
g
&
2
a

Target Tlum. Levals

o] 1 2 3 4

Distance from Facads [ m )

W 166, facade est WWR 30

Summer Useful Daylight Tllum. Levels

3 s000
a
8 4000
m
£
E 2000 // Target Hllum. Levels
[a]
0 1 2 3 4 5 6

Distance from Facade [ m )

Winter Useful Daylight Illum. Levels

®

3 snoo

Y 4000

o

&

E 2000 | / Target Tlam: Levels
B 0

0 1 bl 3 4 5 5

Distance from Facade ( m )

167. facade est WWR 40 B 168 facade est WWR 30 HM TCE88 169, facade est WWR 30 quad




Solaire Thermique

A B

///////////H H Mg

/f/x///z’!f!ff 11

= Technologie
éprouvee
= Chauffage de l'air
o Ventilation
o Espace
o Procedés
= Chauffage de I'eau
o Eau domestique
o Eau de chauffage
= Besoin limité




‘ Solaire Photovoltaique

$9.00

[l Installed Cost

$8.00

= Reduction des —
codts - :
d’installation 3\\#7 o

= Technologie Lo T
éprouvee

= Codt du kWh h

&

p rOd u it éIeVé _ 0 ‘I’ 10' | zoloo zslm

= Besoin illimite
(mesurage net)

Installed Cost ($/kW)




‘ SolOpt

http://solaramericacommunities.energy.gov/resources/publications/solopt/

= Melilleur retour sur
Investissement

= Analyse du cycle de
vie

= Codlt normalisé de
I'énergie le plus
faible




‘ SolOpt (exemple Net Zero)

20,000 pi2
Toit de

13,000 pi2
5 KWh/pi2
Remplir la

surface
disponible

Stare

Mearest \Weather Station
Roof-top Area

Building Gross Square Feet
Building Tax Status
Building Use

Current OHw Sustemn Tupe
Elznded Elzctrical Rate
Blended Fassil Fuesl Rate

Annual Electric Consumption

Brrual Fozsil Fusl Consumption

Simulation Analysis Tupe

Bwiilding Erergy Use Intensity ([ELI

Awerage Office ELINCBECS)
Latitude

Lengituds

Elevation

Fhwh
FiMbru

kiwhiyear
Mbtutear

kBitulfe

kEnlfe

degrees

degrees
fr

Mew “'ork

WATERTOWN AP

13 000

20000

Commercial [T ax-paving]

Cffice

Matural Gas Standard Tank

£0.10

$3.00

100000

300

INRE

HRTHORIAL

SOLAR AMERICA
€3 COMMUNITIES

[anmual cost ! (anmual usage)
TMbtw = T million bru

l Conversion Factors ]

P & SHY: Fill Entire Roof

a7

323

44

-TE.017

318

Compare EUl to other buildings with the
Building Energy Efficiency Indicator gragh

Siolar Ayailability (Shading Derate Factor)

Mournting Surface Material
Slope of Foof!Ground

Usable Area Derate Factor
Tatal Array Tilt from Horizontal
Azimuth [East of South is Positive)
Annual System Degradation
Altitude Angle (winter Equing::)
Production Limit

Mounting Surface Reflectance
Tatal Solar Collector frea

C0Z Emission Factor P4

CO2 Emizsion Factor SHi

degress
“
degrees
degrees
ilyear
degress
Keith
A (m?)
Ib CO.4 Mieth
Ib COG! Mtk

005 1007 if no shading obstructions
twhite Paint
ad l Typical Roof Angles ]
1003 00%; i ne roaf-top abstructions
o] = RoofiGround Slope
a
0,50
226
100000 Based on annual consumption
0,70
12077 P and SHw
832,33 EP#A eGRID Emissions Factar
393,01 EP# eGRID Emissions Factor

Met Matering Production Limit
Met Metering PV Capacity Limit
Excess SellBack Rate

Project Lifetime

Fieal OH'w Fuel Escalation Rate

Fieal Dizcount Rate

Real Electricity Escalation Rate
Inflation Rate

First Equipment Replacement Cast
First Equipment Replacement 'ear
Second Equipment Replacement Cost
Second Equipment Replacement Year
P Federal TaxIncentive

P State Tax Incentive

P State Production Credit

PV State [Rebate] Buydawn

SHw Federal Tau Incentive

SHiw State Tax Incentive

SHiw State Production Credit

SH! State [Rebate] Buudown

100z Percent of annual electric load
Leave Blank if Mot Applicable
$0.00
25
1 e l DHW Fuel Escalation ]
3,000 Federal Defaul: 33
0,542 Federal Default: 0541667
0,300 Federal Defaule: 0.9
$0,00
20
$0.00
40
14 Solar Incentives
04 Incentives canbe updated framthe e
#0,00 “Incentives” Tab
$0
250
250
#0,00
0N




SolOpt (exemple Net Zero)

Building Energy Efficiency Indicator

Average Building

High Performance
Building

Poor Performance
Building

Buildings should achieve "High Performance Building” classification before pursuing renewable energy.

SolOpt Simulation Results

180 000 o
160 000
I -200 000
140000 —_
= =
= L)
= 120000 400000 3
= §
o el
@ 100000 [~
= ]
L n
= <00
2 soom o=
o et
a [7]
o =
& oo -800000
=
[IT]
20000
-1 000 000
20000
0 -1200000
& o o "b ‘;;i' @* A & o 0‘9'
& ; : X ! 3 : : i : o
& 4 4 0*4“ & & 4 g‘g“ ng“ *ﬁ* &
5 " & B & o & 5 A - &F

System Size Percent Allocation

—PV Energy

—5SHW Energy

— MNPV
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‘ SolOpt (exemple Net Zero)

0n a0 a1=
Optimization Criterian —2 Maximize Met Prezent Walue [(MPW] Select from S different optimal systems
Optimal P Sustem Size ft 12740
Optimal P Sustem Capacity khed 128.6
PY Capacity Factar i 11,05
Mumber of PY Panels - 30,4
Installed Cost PY Fir #4.585
Optimal SHw System Size fi¥ 260
Optimal SHw System Capacity kit 1 SHW Capacity Rating I
SH'w Solar Fraction “ 50,45 )
SH Capacity Factor i T3
Installed Cost SHW Bl $30,00
Mumber of SH'w Panels - 8.1
Annual Sustem Production Eheldar 160153
Cast Savings Flur #0252
Total Incentives ¥ #10850
Sustemn Cost with Incentives ¥ 300 243
Simple Pavback Period [SPF] years a7.1
Dizcounted Pauback Periad (OFF) years 100.0
Met Present Yalue [NPY] ¥ -$6541 200
Life Cucle Cost [LCC) ¥ F533331
Cast of Business as Usual (MPY] ¥ F132 131 Bazed on Utility Billz COnly
Savings to lnvestment Ratio [SIR] - 0.2
Internal Rate of Return (IRF) v 0,05
Levelized Cost of Energy (LCOE] #hwih #0311 LCOE does not include accelarated
Greenhouse Gas Reduction [GHG) tonnes COze 53 depreciation or salvage value
Show/Hide Advanced Inputs I I Copy Results to Output Table

ANt
~



‘ SolOpt (exemple Résidence)

SolOpt Simulation Results
—PV Energy

00000

—5SHW Energy

= Multi-résidentiel 10
logements 3 étages

= Chauffe-eau
électrique

= Calcul selon 3
options
o Toit complet NPV
o Surface utilisée non
définie
o Toit complet colts
minimum de I'énergie

LCOE

Levelized Cost of Energy ($/kWh)

Vaa ¥ s
=4

\ 4




\' Output Table residencel residence? residence3

Optimization Criteria Mam\rr;;sel\ziltpli\’/r;a sent | Maximize I\zEtPF:/r;a sent Value Minimize Levelized Cost of Energy

\ Optimal PV System Size 1505 0] 1254

\ Optimal PV System Capacity 18,7 0,0 15,6

\ PV Capacity Factor 10,5% 0,0% 10,5%

| Number of PV Panels 107,5 0,0 89,6

| Installed Cost PV $5,62 $0,00 $5,69

 Optimal SHW System Size 585 42 836

‘ Optimal SHW System Capacity 24 2 35

| SHW Solar Fraction 37,1% 14,5% 45,2%

\ SHW Capacity Factor 14,3% 78,0% 12,2%

\ Installed Cost SHW $90,00 $151,07 $90,00

| Number of SHW Panels 18,3 1,3 26,1

\ Annual System Production 47 544 11 812 51 262

| Cost Savings $4 754 $1 181 $5 126

| Total Incentives $0 $0 $0

 System Cost with Incentives $158 662 $6 315 $164 557

| simple Payback Period (SPP) 40,6 57 40,5

‘Discounted Payback Period (DPP) 61,4 6,1 60,5

| Net Present Value (NPV) -$77 716 $16 491 -$80 089

| Life Cycle Cost (LCC) $461 507 $367 299 $463 879

\ Cost of Business as Usual (LCC) $383 790 $383 790 $383 790

\Savings to Investment Ratio (SIR) 0,5 3,6 0,5

Internal Rate of Return (IRR) 0,0% 15,3% 0,0%

Levelized Cost of Energy (LCOE) $0,223 $0,039 $0,219

‘Greenhouse Gas Reduction (GHG) 18 4 1%\' e
- e - r.l
v



Thermopompe assistée par ’énergie solaire

Technologie des
thermopompe permet 75%
de capacité a -20 deg C S
Grande flexibilité grace a la
technologie du réfrigérant a
debit variable

Possibilité d’ un codt plus
faible que la géothermie

o 3,00

COP en fonction de la température
extérieure

5,00
4,50
4,00
3,50

2,50
2,00 COoP
1,50 L
1,00 ——Linéaire (COP)
0,50
0,00

0 12 22 30 40 43 50 56

Temp extérieur F

==



Thermopompe assistée p

= Circuit ouvert (mur
solaire, BIPV)

= Circuit fermé (mur
trombe, accumulation
thermique)

ar ’éner

_RAACAM

L TEMP RATU

role solaire

e%fn‘n’

BOOW / rmv® ’5Cs0ce5¢c
Al
BOOW /

30

g



Thermopompe assistée par I’énergie solaire

el



Thermopompe assistée par ’énergie solaire

— MASSE THERMI|GUE

4500

Simulation d’'une
cavité en circuit
fermée

PERSIENNE

2000x2000

SCELLE SHGC >7°

Montréal
|

2000

Fichier Meteo .. voc

8 : COUPE A-A
; Capacité 90 tonnes
THERMOPOMPES
=]
= / 5000 @ 30,000CFM
:‘n.’: z A
wl B P B / VOLET MOTORISE ISOLATION PANNEAU DE
ZEH / 2000x2000 / 75mm RIGIDE /" BETON FONCE
o =R .4 I~ =
= [
HIEH —
"~ VOLET MOTORISE €
k I
20000 A

1000 & 1000



Thermopompe assistée par I’énergie solaire

1wy

"'MM |

Tempeérature a l'intérieure de la salle de mécanique

ANt
P m—
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Thermopompe assistée par I’énergie solaire

COP en fonction du temps

i I i B R R T T O L B BT S R T T T T L T B i T T T s B R T e I L B BT
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
L LU TR = i VI ST T S I A o T B s T T O W I o T I T T S R B I O o e N T IO T o T o T VA BT T O o o B R U

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

= COP moyen en période de chauffage: 4,04

= Codt des puits de géothermie 250,000 $ e
S



Misty winter afternoon by Bert Kaufmann
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