CLIMATE SPECIFIC PASSIVE BUILDING
STANDARDS, TOOLS, COMPONENTS




FUTURE WORLDWIDE TRANSITION
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EFFECTIVE

Heating energy reduction
in passive buildings:
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Graphic from Article: J. Douglas Balcomb, Ph.D., “The Energy Road Ahead”, Solar Today Magazine, Apr 2010
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ENERGY
CRISIS

Figure 20 (éc?

Residential Energy Code Stringency (Measured on a Code -to-Code Basis) §

End-uses addressed by the IECC: heating, cooling, domesfic hot water
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HISTORY
PASSIVE BUILDING
METRICS

FIRST GENERATION PIONEERS

PASSIVHAUS

PASSIVE HOUSE & BUILDINGS
NORTH AMERICA




PEAK LOAD TENET

Developed by North American Scientists

e 80-90% reduction from

Annual demands pay back
pre 1980 conventional ‘ at

iInvestment

e ~ 3,17 -5.39 BTU/hr.ft? ‘ Low peak loads assure
or 10-17 W/m? comfort & resilience

e qir-tight ‘Assures envelope quality and

construction longevity
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A PERFORMANCE METRIC

Developed by Passivhaus Institut

o <4.75 kBTU/ft2yr (15

Heat/Cooli kWh/m?Za) «Annuol demonds paAy bgck
R emane Investment in conservation
=OR--
e * <3.17 BTU/hr.ft* or Low peak loads assure
0.93W/ft* (10 W/m?) « comfort & passive survivability
<38 kBTU/ft2yr (120 Global carbon reduction
kWh/m?a) cap per person, addresses
systems efficiency
e <0.6 ACH,, «Assures envelope quality and

Longevity, durability
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PASSIVHAUS CRITERIA

Primary Energy

KBTU/ft2/yr

Alrtightness

ACHsg

Annual Heat Demand

Annual Cooling Demand

KBTU/ft2/yr

Feak Heat Load

Feak Cooling Load

BTU/ft.hr

Ventilation

% efficiency

W/ctm

Thermal Envelope

hr. ft2°F/BTU

BTU/hr. ft° °F

Thermal Bridge Free

BTU/ hr. ft °F

Windows Installed

BTU/hr. ft° °F

SHGC

¥ -
L)
7 CO7
= ra
= ). /8

< J-0.024

W< 0.006

Uw-install <0.15
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METHODOLOGY

Performance Components/Systems/Tools

.

"

Developed by European Industry

High performance windows

Smart Vapor Re’rorders»

Highly efficient heat exchange
cores for ventilators

Static Design&Verification Tool » PHPP

Integrated compact ventilation
& space conditioning systems
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NEW CHALLENGES:

CLIMATE SPECIFIC

0 1. Only Heating (veey HHD)
Bl 2. Only Heating (HHD)
1 3. Only Heating (MHD-+LHD)

4 Hosting mnd Cooling ey HHOSLCD) ™o

W 5 Heatng and Coshng (HHD - MCD)
& Heating and Cooling (HHD+LCD)
I 7. Heating and Cookng (MHD LD
1 & Heating and Cooling (MHD+ LCDY
I 5. Heatng and Cooling (LMD« MCD)
7] 10. Heating and Coclng (LHD-LCD)
Bl 11. Oniy Cocling (wery HCD)

I 12 Only Cooling (HCD)

Il 13. Only Cooling (LCD+MCD)

I 14 Cooling and Dehum [very HCD)

I 15. Cooling and Dehum (HCD)

I8 1£. Cooling and Dehum [LCD-MCD)

Bl 17. Heating, Cooling, Dehum

L

Graph Courtesy of Global Buildings Performance Network
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ONE SIZEDOES NOT FIT ALL
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THERMAL COMFORT ISSUES

— heating
— cooling
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TOO MUCH FOCUS ON SOLAR
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COST FOR TOO MUCH INSULATION
PUSHES DESIGNS BACK INTO

DIMINISHING RETURNS

The Diminishing Returns of More Insulation | AST INCH OF

4400 HDD, 1000 sf wall area NSULAT'ON |N PASS'VE
HOUSE PROJECT IN
SOUTH DAKOTA SAVED
200 kWh ANNUALLY!

B Reduction (compared to R-2)  ==%=Heat Flow

M 45

Heat Flow (MM

-2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 HOW FLAT Is TOO
R-Value FLAT?

(Source: www.energyvanguard.com)
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RELATIONSHIP BETWEEN DEGREE

DAYS AND PEAKS CHANGES BY
CLIMATE

Table 2: Design temperatures and degree days, North America, Coastal, East

ASHRAE 99.6% ASHRAE 99%

Cities design temp (“F) design temp (“F) HDD65 CDD65
Boston, MA (5A) 8.0 13.0 I's506 1 750
Baltimore, MD (4A) 14.0 17.9 Iﬁfﬂf = = Y1261
New York, NY (4A) 13.8 17.8 4843 984

Table 3: North America, Pacific Northwest
ASHRAE 99.6% ASHRAE 99%

Cities design temp (°F) design temp (°F) HDD65 CDD65
Frankfurt (5) 14.5 19.1 5570 1 308
Squamish, BC (5) 3. 22.4 {5937 J' 115
Portland, OR (4C) 25.2 29.5 214~ 7 7 433

Prince Rupert, BC (6) E 18.4 6993 1
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g Peak Heat Load — United States

Heating Load and Temperature

Heating Load
(BTU/ft2hr)
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® Pcak Cooling Load - United States
(SENSIBLE ONLY)

Cooling Load and Temperature
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AND

HAVE AN INFLUENCE ON WHERE CRITERIA
NEED TO BE SET

Lighting MELs
kWh/person. | kWh/person.
yr yr
RESNET ~230 ~610
Bldg. ~320 ~800-850
o America
PHPP 31.9 94
H0% BWAAAAAAAAAAAAAHHH o
2,000 g BUIIdlng:
1,000 } 2000 sf gross finished floor
0 " =57 areaOccupancy 4 persons
PHPP Pric“i;:rt]i}on (3877 Actu{e;ll f;aeﬁmsage PHPPAIIEEahr;ce{MSZ .I;. I i: ]OO% CFL
M All Non Space Heat B Heating ; ‘ q__; 400 Sf gOrOge
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STUDYCONCLUSIONS:

Therefore, taking North American construction
Ccost, energy cost parameters, the cost of PV as
well as different levels of investment required by
climate into account will result in cost
competitive climate specific space

conditioning criteria other than 10 W/m? or

15 kWh/m?2-yr (3.17 BTU/ft? hr or 4.75
#(BTU /ft2-yr).

One cannot optimize for PEAK LOAD and
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ENCLOSURE

Cost assumptions for Central Europe

Savings and Investment in Passive House Total Costs and Savings in Passive House
120.0 120.0
___ 100.0 \ ___ 100.0
“  g0.0 “  g0.0

& /’ 2 /’

@ ——E st s ——E t
8 60.0 - nergy co 8 60.0 nergy cos
E —=—|nvestment E / —a—Total Costs
® 400 = 40.0
“ 200 8 20.0

0.0 T T T T 0.0
1] 10 20 30 40 50 0 10 20 30 40 50
Specific energy requirement for heating (kWh/m? per year) Specific energy requirement for heating (kWh/m? per year)

(Source: IEA Information Paper: Energy Efficiency requirements in Building Codes, Author Jens Laustsen)
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ECONOMIC

Cost assumptions for US

— cash flow 4
E=] mortgage
B utility bills

lII--II\» 'ml _r\.l
= s 8

Mortgage + Utilities ($/year)

:

(Source: NREL/DOE)
CPHC Training ©2015 Passive House Institute US | Module 1 | 20



CLIMATE SPECIFIC METRICS

Developed by PHIUS/BSC

* Heat load < varies by climate ‘ Sliding scale by climate, cold
* Cooling load < varies by climate climate exomple

—AND-- e Peak heat load < varies by
S climate « Sliding scale by climate, cold
e Peak cooling load < varies by climate exomple
climate

Change to a per person

* <4200 (6200 TEMP) metric for residential and

kWh/person some PV counts
e < 0.05 cfm50/sf ACHS50 dpe.s not scale for
envelope larger buildings
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PHIUS+ 2015 PASSIVE BUILDING CRITERIA

Primary Energy

KBTU/f2fyr

Alrfightness

cfm/ft*

Annual Heat Demand

Annual Cooling Demand

KBTU/ft2/yr

Feak Heat Load

Peak Cooling Load

Ventilation

BTU/ft.hr

7 efficiency

W/ ctm

Thermal Envelope

hr. ft2°F/BTU

BTU/hr. ft °F

Thermal Bridge Free

BTU/ hr. ft °F

Windows Installed

BTU/hr. ft2 °F

SHGC

(Bedrooms+1 *

(6000 kWh *3.412 kBTU/KWh))/iCFA
0.05 cfm/gross ft*shell @ 50 pa
0.08 cfm/gross ft*shell @ 75 pa
1.0-12.0

1.0-21.4

= J-0.04 - U-0.0125
W< 0.006
Uw-install 0.41 - 0.08

=0.27-0.6]1
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CLIMATE SPECIFIC METRICS

PASSIVE STANDARDS IN VARYING CLIMATES

'$' (S P B o 74 Seattle
9@ | AN N b S State WA
: R T " oty I Location Tacoma Intl AP
a 7Zone AC
B8 Annual Heating Demand... 5.4
; " Annual Cooling Demand... -
"4 Peak Heating Load Btu/... 3.3
e Peak Cooling Load Btu/...
O e ! _
WSV £ Manual J Peak Heating ... 5.6
B SN Manual J Peak Cooling ... 4.3
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METHODOLOGY

Developed by US Industry

= cash flow 4 *
E= mortgage -
[ utility bills

« NREL BEopt optimizes upgrade package
by climate

Mortgage + Utilities ($/year)
= Ko N

A
-
R

| Standards defined as cost optimal/competitive
« sweetspot between conservation

and generation on the path to zero
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METHODOLOGY

Developed by European & US Industry

« High performance window performance
rating by climate

W mechanicalventition

‘ Dynamic Designé&Verification Tool

WUFI Passive

On demand integrated ventilation
& space conditioning systems
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STATIC MODEL NEEDS TO BE REPLACED
WITH DYNAMIC MODELING TO ASSESS

THERMAL COMFORT

100 100
90 90
80 80
= 60 g 60
> Z \
= =
E 50 E 50
2 = iy
E E - pg "q"\:ﬂ E
2 40 2 40 N
& &
B ol ey
30 i 10 [ e, TESS
P )
‘h:%
20 20
10 10
054 58 62 66 70 74 78 82 0511 55 62 65 70 T4 78 82
(1/1/2013: 00 - 1/1/2014 : 00) (11172013 : 00 - 1/1/2014 : 00)
Temperature [°F] Temperature [°F]
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THERMAL COMFORT

|
ANKEARSRAE Stasdansd 34 7019 | i i :
SIS oo mmmm 7 RE T
ASHRAE STANDARD o.01 i - i ’

Uppar umid Limig 4.012 ratio {153
Thermal 0.012 . g

Environmental 1 / / 160
Conditions for 0.010 ://. ,f""f g
Human Occupancy . _/_,/,f . . g A" s 2
0.008 : ey 3
00 J:’/; e L HY %
e FEME bwe g e ﬂ-ﬂm-m’f- A .E_ E‘
e . 2% [ w0 8
Em e wem 0,004} s 3 T

e o I e 50

————— e S EE B /d* "'Eﬁ

e =2 0.002F 120

s i H 7 1o

[ ) WL
m: 50 25 &0 K] T3 85 100
o Yt B TEMP Operative Tempearature, °F

Interior comfort conditions winter 68 2 F, summer 77 2 F, RH 40-60%

Source: ASHRAE Standard 55-2010 Thermal Environmental Conditions for Human
Occupancy
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BEOPT COST ANALYSIS

File Screen Case Fun Reports Tools Help

== & Input 5 = |@| Qutput: |8 Run: ic?
C
Analbysis: Design . Reference: My Design L S5im Engine:  EnergyPlus = a
D
P
o)
Building Mortgage E
EPW Location | USA_GA_Atlanta-Hartsfield-Jacksor ~ || a3 P Pt o0 o )
o @)
Temain Suburban - | Mortgage Interest Rate F L m
Matural Gas Hookup =] Morngage Perod 30 YEArs
T Marginal Income Tax Rate, Federal 280 =
Project Poslyss Besnd 30 vears Marginal Income Tax Rate, State 0.0 i
Inflation Rate =4 %
Discourt Rate {(Real) 3.0 3 Chher
Material Cost Multiplier 1.00 e I | |  Efficency |
Labor Cost Multiplier 1.00 Ciemand Responise I Signials J
Hlectricty | Matural Gas ! il I Propane |
Liility Rates P%W Compensation
@ Simple 7 Detailed @ Met Meterng ) Feeddn Tanff
i@ lser Specified I Ficed g 00 = /month Annual Excess Sellback Hate
| State Average Marginal 0.1054  SAWh ‘@ Restail Elsctricity Cost 010543 | Sk
(=) Mational Average | Awverage 01124 W ) User Specified
Fuel Escalation {Real) .0 HAyear Energy Factors
Source/Site Ratio 3. 150
Carbon Factor 1.530 bW
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100+ LOCATIONS IN NORTH

AMERICA WERE CALCULATED IN
BEOPT FOR A 2000 SQFT TEST HOUSE

These are the

locations for which

WUFI weather data is
@ available, which

supports dynamic
calculations for
comfort verification
and hygrothermal
checks.
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COST -ENERGY STUDIES

Beds (3 | Baths [ 2| Total Finished [ 2080 sqft

Studies with BEopt:

= 40x26 ft exterior, short south.
=2 stories. Nbrs @ 20 feet.
=3-bdrm 2-bath.

Vented atfic.

sWall exterior-foam.

sSlab foundation.

sWindow U-values
constrained for comfort.

*Window area 15% of wall
area, up 1o 40% conc. on
South.

= Air-tfight, ducts inside.
»All-electric.
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ECONOMIC

Case: Chicago IL (4)
ATOOOG | 10 W/m2 dw 20,05
g 15.00
= 35000
R > o
2 330000 15 kWh/m2-y— 4
£ 5.0 F
- "’é’
& 3100000 20003
3 B
% 1500 3
E 2500.00 | = 'E
- R
£ 1700.00 -
5.00
2500, r—u.—nun—.Mb— .00
¥ 10 20 10 40 541 B0 70 80 a0

Site Energy Savings [36/yr)

= [norgy Related Casks, Annualized {S'yr] — % Energy relabed costs excl. solar ® =9 |ncr, Capltad Cost 508 gross —F— PV stark % SHW stard
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SIMPLIFIED

FORMULA

Actual by Predicted Plot - Annual Heating Demand

12 7
g 1 [ X4 ‘ e’ ’ -g
g 10 0 B
< ] ce o .S £ 548022071
Z g <y °% S o 514585264,
5 - 170 /e £ 25019138] & ;
& oW 4 o0 5 : :
(4 9]
~ 6 oo‘. f? ° T : :
-g --------- :. !--. ------ II'I'II'III'I'II [ [ I'II'I [ [ [ [ | L L L
© O OO OO OO0 ©O O O OO O N —M LML AN I M W
g 4 o %S Sg8sgggsssgsegg8gsgss5e8e3
8 | ° ,o.. R¥8833g”==I =22 g o o o o
[ J
g 2 ’ % ° o. 4705 1546.8 0.11085
kS - L. e AP HDD65 Global solar Electricity
T 0 e, F.days radiation kWh/m2.yr price $/kWh
L Y
-2 0 2 4 6 8 10 12
Heating Demand kBtu/sf.yr Predicted P<.0001
RSg=0.71 RMSE=1.9853
Solar KWh
HDD65 m2 - yr
SSHD kBtu/ft2.yr = 5.2+ —— -0 = ————— =101+ Elec $/k Wh

CPHC Training ©2015 Passive House Institute US | Module8 | 32



FORMULA

VERIFICATION

Certificate Criteria:

Heating Demand

sectc Gy — || @
peak (month) 1.5 kBufe

Cooling Demand

specific: 75 KBty w - ' : | - | |
total: 138248 M 1] 1 2 SI- 4 5 é T ]
peak (month) - sensible: 1.2 kBlum®

latent: 3.1 kBluftyr

Heating Load

specific: 48 Burff ——— |
totat BB046 Btuhr '] 1 2 3" 4 5 [
Cooling Load

total: 48694 Btuhr 1] 1 2 3 4 5 -]
Primary Energy

totat 614686 kBtur 1 20 332 4« 80 60

Air Tightness ACH50 06 ifhr : { { l
02 04 06 08 1 12

i1® ® @

B e
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REINCIPLE 3:
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BEGIN WITH G
THE SITE AND CEiNES

SITE AND C

'6 NEW SITE PLAN
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WINDOW PERFORMANCE

WINDOWS NEED TO BE DESIGNED TO RESPOND TO THE
CLIMATE CONDITIONS

4 Moist (A)

B3 PHIUS - Climate Specific Window Selection Guidelines "¢

ASHRAE/DOE Overall Center of
North American Installed Glass U-value

AN03'S9p02AZIaU MMM :921N0S

Climate Zone Window U- -U,
value- U, Btu/hr-ft2-oF
Btu/hr-ft2.°F

T | con | w0 =050z
CR— T BT EEIEY
R TS YT Y

<0.15 <0.14 =0.50 =0.40
Marine North <0.16 <0.15 =0.50 =040

Wernesoutr | 022 | 020 | 050 |z030]
3 e

Bel()wWhlelJ

2 (nes)
2 eos)

-4 Reference: Table Values PHIUS, Climate Map DOE/ASHRAE/NECBE Zones by RDH Sourse Scar maps:NatioralRerenable Eneroy Latoratory, Evopean Cornmisson
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Product name:  VEKA DHI3WW Certer-af-glass properties
ASHRAESLECCY Marth, I
CHE Morth Eask, PH L Cardinal 2154/2001,/2154
Armerican South-  ¥West - Pl boae Ingtitune U
Climate fone | fadng facing
Whaole-window nominal U-valus Ueog-Value
Wiz K BTU hr fL2.F SHGC WitmZK BTLr.R2F
131 0.2l 0.255 0719 0127
1.32 0.2l 0.255 0.726 [I.:I.Iﬂ-l
112 0.22 0.255 0.735 0.129|
122 0.22 0.255 0737 o.130f
133 0.2 0.255 0741 0131
133 0.2 0.255 0.745 0131
1.23 022 0255 0750 0132
133 0.2 0.255 0747 0132
133 0.2 0.255 0.743 0132
1.33 0.2 0.255 0.749 0.132
VEKA DHIZWW FRAME Psi-spacer
vertical slidar upper Frame height U-frame ;o
i in WimZK  BTUWhrR2.F Wilimk ETUNIL.F
Head &1 g 1.50 0.6 0034 o2
MR uppes half 25 047 452 0.8D 0.053 [T
Jamb upper ked 105 4.14 1.72 0.30] 0.035 o.020{
Jamb upper right 108 4.14 1.72 0.30] 0035 [ |
VEKA DHIZWW FRAME Psi-spacer Psi-opague
vertical slider kower Frame height U-frame Ly
i in WimZK  BTUWhrR2.F Wilimk ETUNIL.F Wilimk
MR lorwer balf 26 047 1.16 0.21 u2E 0.015] 0.1649
Sil &5 .36 1.48 0.6 [INixl '|]|J32'|]l BTWhr.fLF
Jamb laowear ke g2 364 1.55 027 [1Nixl 11.|:t21]| 0,08
Jamib lower right g2 364 1.55 027 [1Nixl '|]|J32'|]i Grade C
For vertical alder Lthe MR & the sill far the upper and head for the lawer
alid thrmﬁh .A.UELHI: 2015

PERFORMANCE DATA VERIFIED BY

CLIMATE ZONE
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HEAT & MOISTURE
POLLUTANT
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Most Popular Models

Lehnder ComfoAir 350 (ERV/HRV) UltimateAir 200DX (ERV)
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STUDY CONCLUSIONS

Apply uniform source energy limit per person — fair-share
principle to meet globally needed reduction targets.

Space conditioning criteria optimized to benefit the
building owners and occupants, recalibrated for
economic feasibility, comfort and resilience.

Under the both-and system, more projects will likely find
themselves challenged on peak loads and source
instead of annual heat demand.

It will tend to favor higher occupancy and more efficient
forms of housing, discourage under populated
McMansions, soften the small homes penalty.

Mileage will vary but level of envelope improvement
should be much closer to an economic opfimum in
relationship to zero and the cost of PV
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