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What is Green/Sustainable?

* Definitions
— “Green”
— Sustainable
— Net Zero Energy
— Net Zero Carbon

Sustainable buildings

“Can keep doing what we are doing indefinitely”

* Asustainable society, process, or product is one that can be sustained or
continue to be produced over the long term, without adversely affecting the
natural conditions (e.g, soil, ecosystem, water quality, climate, etc)
necessary to support those same activities in the future.

— Even the greenest buildings today are not sustainable

Low-Energy, Net-Zero, Zero-Carbon are all just
on the path in the right direction

© buildingscience.com

1 of 49



PG&E Enclosures for Low-Energy Buildings

So, Is it Green? Green Buildings require Change

* Depends on answers to:
P ) * Must make them the new normal
— Does it use less non renewable energy to operate?

— Will it last longer? (less life-cycle resources) * Need to use different thinking and process

— Does it use fewer non-renewable resources to build? * Different materials and systems secondary

— Does it pollute less? "To achieve results never before accomplished, we must employ methods

. never before attempted.”
* Compared to what?: - Sir Francis Bacon

— Zero (sustainable
( ) "Great spirits have always been met with violent opposition from
— Better than average (move forward, “green”) mediocre minds."

* What is average? - Albert Einstein

* LEED counts points, not resources/pollution

ww.BuildingScience.com Buildin

www.BuildingScience.com Buildin

Damage Components Office Example

* Resource Extraction 25000

Total
— Cutting trees, mining, drilling oil, etc.

20000 Operating

* Processing Ongoing Embodied
— Refining, melting, etc. Pollutants and energy

Initial Embodied
15000

* Transportation
— Mass and Mode (ship/truck) and Mileage

Energy (kWh/m?)

10000

* Construction

— Energy, worker transport

5000

The Majority .
of Impact 0 10 » 0 w© 50

Based on Cole & Kernan, Bldg & Environ. 1996 Years

* QOperational Energy

www.BuildingScience.com Buildings,Energy, Environme Building Science.com
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Embodied Energy

* The energy used to mine, process, and
manufacture a material & install in building
— Units usually Btu/lb or MJ/kg

* On-going repair and maintenance required for
life of building

* Published values vary widely
— Some research results available

* As we get to Net Zero, materials matter more

Building Science 2008

Source: Canadian Architect

P it
"\C;? : BA I l>1 EMBODIED ENERGY
- e S & MATERIAL Mikg | MJim3

INVENTORY OF CARBON &

ENERGY (ICE)

Version 1.6a

Prof. Geoff Hammond & Craig Jones

Embodied Environmental Damage

* Pollution (air, water, etc)

» dangerous waste (end of life),
* habitat destruction,

* resource depletion

* Not well researched (Athena Institute)

Building Science 2008

Sustanable Energy Research Te: 2 .
Oepe an
o o Bath, UK
1w ~de arton Vision B ¢
" EPSRC
08 .
Avadlabie from: waw Bath acuk/mech-eng/ser/embod ed/ bl
Nld & New Hniicec Fnerov L lce
Total Btu Consumption per Household, 2001
120
100
k-]
% o/ m Space Heating
©
g mElectric Air Condtioning
<
‘g,_ 60 4 Water Heating
g Refrigerators
c 40 |
2 Other Appliances and
E Lighting
20 |
0 T T T T T T |
2005 1990s 1980s 1970s 1960s 1950s before
Source: US Census Bureau, Annual Housing Survey: http:/ 1950
Iwww.census.gov/hhes/www/housing/ahs/ahs.html
www.BuildingScience.com Buildings,Energy, Environr
I
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Annual Energy Intensity (kBtu/sq ft / year)
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Commercial Buildings Energy Use

Techrzology max.be the problem not the solution
bunumpma-‘mmawuomm

250 kWh/m?
0
S 20 2.5
Bs

Before 1920 1920-1945 1946-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2003
vDate of Building Construction

What is this energy thing?

How to confuse people with facts and
numbers

Building Science.com

Energy vs Urban Planning

The key 1o bulding an eavironmentally facadly Oty Is keeping car joumeys % 3 menmun without
uppeng the populstos deauty

Rum Irasepont poevgy Wi pet Lapdta (M)

J A L L) L) M ' I L)
0 3 S0 TS W0 NS K0 US M0 25 e s M0
Source: New Scientist 2007 whan devaty

www.BuildingScience.com Buildings,Energy, Environment N

0.
14/84

Measuring Energy Use

* Energy use per area

— kBtu/sf/yr

— kWh,/m?/yr

— 100 kWh,/m?2/yr = 33 kBtu/sf/yr
* Energy use per person

— Person = bedrooms+1

— But.. Design vs actual occupancy?

— Large houses

See BSD-152 Energy Metrics

BUllaing Sclence.com

© buildingscience.com
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Energy Cheat Sheet

* Ability to do work
— Measured in Btu (IP) or J (SI) or kWh (SI)
* MMBtu = 1 million Btu = 293 kWh
— One Btu = heat one pound H,0 by 1°F
— One kWh = 100 Watt lightbulb for ten hours

* Energy delivered at gas usually in therms/cf
* Therm =100 000 Btu = 29.3 kWh = 100 cubic feet

* Energy delivered as electricity usually in kWh
* One kWh = 3400 Btu

Efficiency

Not a very precise or useful term
Efficiency = desired effect / effort in

* Heating energy out / energy in (gas, electric, sun)
* Cooling energy out / energy in (electric, open window)

— A small house needs less heating energy but a
large house might use a “more efficient” furnace

Efficiency = 1 happy person / Energy used?
Capital efficiency? Resource efficiency?

Low Energy Targets

* Ed Mazria Architecture 2030
— Website www.architecture2030.org
* PassivHaus
— Primary 120 kWh/m?2/yr (37 kBtu/sf/yr)
* Net Zero
— Zero (Site, Facility, or Source)
* Avoid non-quantitative goals
— $ saved, 30%? 75% ASHRAE, Title 24 etc
* Remember: Occupancy and Climate matters
— Cold climates, 24/7 facilities use more

Building Energy Rating (BER)

e
——

AN

© buildingscience.com
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Electricity is Dirty

* Site vs Source (or Primary)
BSD-151 Site & Source Energy

3.365 National average
ag

Figure 1: Source energy from power plant to electric service entrance

Gas Water Heater
Ste Energy : ~59% Efficent Sito Energy : ~62% Effcent
Efficent ~27% Efficient

Electric uses 2x

Building Science.com

Electric Water Heater

Source-to-Site Conversion

* January 2009, NREL figures for Building America

* Of course, varies with source of electricity supply
— Most coal plants are 35% efficient, new NG plants 60%+
— 5% transmission loss

Energy Source Source Energy Factor

Electricity 3.365
Natural Gas 1.092
Anthracite Coal 1.029
Bituminous Coal 1.048
Subbitumious Coal 1.066
Lignite Coal 1.102

1.191
Distillate Fuel Oil 1.158
Gasoline 1.187
LPG 1.151
Kerosene 1.205

eGRID 2006 NERC Regional
Interconnects

Electrical GHG Emissions

* April 2007, EPA eGRID files

Output emission rate

Qzone
800
o, 50, NO, NO, Hg
ORNWA] FRNWR) (BIAVWR) (1WA (RVGWR)

1906 120

% INERC regron
) 3 seromm

1421 1174

WECC Westem Dlecisaty Coorgingtng Councs 1907 1AM w32

us 1138 saw 2

National 1.36 Ib CO,/kWh (0.91 to 1.83)
WECCC 1.111b CO, / kWh

ML
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Fossil Fuel GHG Emissions

* Different scopes

* Different calculation methods
* Different norms

Different Targets and Different Things Targeted

German
Passive House
. . . . CH e e
Assuming combustion @ 100% efficiency by
* Nat gas

MNRGIE © nersie ==

German
e Passive House

— 117 pds CO, / MMBtu = 0.40 /kWh
—92% eff. =0.435 Ib/kWh

— Around 3 times less GHG emission vs electric

s
& e

Cereriy ew
o heng
25 2,70 B0 e
eactncity
FINAL
PRIMARY ENERGY ENERGY
* Propane
Figure 3, Comparison of the Danish low energy class 1, the Swiss energy caiculation method (Miner-
- 139 pds COZ/M MBtu =0.475 /kWh gle), French energy calculation methods (Effinergie), with the two energy frames as defined in the Pas-
. . sive House standard (total energy consumption and heating consumption per year). Scurce: Pascal
e Heat ng Ol I No. 2 Eveilard, Effinergie presentation « Enjeux et référentiel », March 2007.
— 161 pds CO,/MMBtu = 0.54 /kWh

Source: DOE EIA Emissions Coefficients

" Energy used for lightning in a 150 m? house with traditional technolegy is approx. 1000 kWhiy (approx
6 kwhim?) while the energy used for appances is approx. 3000 k

Vy, (approx. 20 KWh/im?). The Dan-
sh Electricity Saving Trust has estimated that with energy efficient equipment and cptimized conditions

ghtning can be reduced to 500 kWhiy (3 KWh/im?) and to 1500 kKWhiy (10 kWh/m?) for appliances.

3%

—Space Heating, 5.0%

US Building Electrical
Building Energy Use

Use

‘ — Water Heating, 1.2%

Other,9.3%

— Cooking, 2.1%
Kerosene, 50, 1%

LPG, 380,4% —

Ventilation, 7.3%
—Fuel Oil, 710, 7%

\
Refrigeration, 8.6% Cooling, 25.6% \‘
- Nat Gas, 2025,
//\ 38%
/

Electricity, 3101,
59%

Office Equipment, 17.9%

Residential

‘ Natural Gas, 4840
| 49%

Lighting, 23.1%

Lighting
8.8

Water Heating 9.1 [
Source: US EIA

Space Heating
10.1
Other
. 422 g
Mostly NG (heating, hotwater) and hir Conditioning | Golor TVs 2.0
electricity (cooling, lighting, etc) 1 < Franace,op= 39
N Refrigerator
13.7
: 3Science
Residential Source: US EIA cience.com

|~ Clothes Dryers 5.8

Source: Enerii Information Administration, Form EIA-457A, B, C, E, and H of the 2001

Straube © buildingscience.com
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California commercial (CEUS-06)

Annual Energy Intensities Total Annual Usage
Floor Natural Natural Natural
Stock Electricity Gas Gas ity Gas
Building Type kft) KWhift) | (therms/ft’) | (kBtulft) (GWh) | (Mtherms)
All Commercial 4,920,114 13.63 0.26 25.99 67077 1278.60
Small Office (<30k ft) 361,584 13.10 011 10.54 4738 38.10
Large Office (>=30k ft}) 660,429 17.70 0.22 21.93 11691 144.80
Restaurant 148,892 40.20 2.10 209.98 5986 312.60
Retail 702,053 14.06 0.05 4.62 9871 32.50
Food Store 144,209 40.99 0.28 27.60 5911 39.80
Refrigerated Warehouse 95,540 20.02 0.06 5.60 1913 5.30
L i e 554,166 4.45 0.03 3.07 2467 17.00
School 445,106 7.46 0.16 15.97 3322 71.10
College 205,942 12.26 0.34 34.24 2524 70.50
Health 232,606 19.61 0.76 75.53 4561 175.70
Lodging 270,044 12.13 0.42 42.40 3275 114.50
Miscellaneous 1,099,544 9.84 0.23 23.34 10817 256.60
All Offices 1,022,012 16.08 0.18 17.90 16430 182.90
All Warehouses 649,706 6.74 0.03 3.44 4380 22.40

Building Science.com

Energy Intensity

kWhe/sf/yr

All Commercial
Small office
Large office
Restaurant
Retail

Food Store
Refrig Warehouse
Warehouse
School

College

Health

Lodging

Misc

All Offices

All Warehouse

Total Gas

21.25 7.62
16.32 3.22
24.15 6.45
101.73 61.53
15.53 1.47
49.19 8.20
21.78 1.76

5.33 0.88
12.15 4.69
22.22 9.96
41.88 22.27
24.44 12.31
16.58 6.74
21.35 5.27

7.62 0.88

Building Science.com

Elec

13.63
13.10
17.70
40.20
14.06
40.99
20.02

4.45

7.46
12.26
19.61
12.13

9.84
16.08

6.74

California Large Office Electric

1%

2%

16%

™ Heating

" Cooling

“ Ventilation

 Water Heating

“ Cooking

“ Refrigeration
Interior
Lighting

= Office
Equipment

Exterior
Lighting

Source: CEUS 2006

California Large Office: All Energy

#1

® Heating
® Cooling
“ Ventilation
“ Water Heating
 Cooking
 Refrigeration
Interior Lighting
® Office Equipment
Exterior Lighting
Miscellaneous
 Process
Motors
Air Compressors

© buildingscience.com
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SITE ENERGY USE
IN OFFICE BUILDINGS Ventilation
1,019 trilllon Btu 54 tritlion Btu

Office Equipment

Space Heating 149 trillion Btu

255 trillien Bu
Note: this is US average

South-west more cooling

95 trillion Bty
Cooking
11 trillion Btu Lighting
Other "/ ) 294 trillion Bty
€0 trillien Bty wn“ Heating
§1 trillion Bru
nciudes miscellansous yees (55 tndon Biy) ard refageration (5 tslien

North-east has more heating

SITE ENERGY USE
IN EDUCATION BUILDINGS

614 trillion Btu Other’
65 trillion Beu

Space Meating
284 trillion Btu

Lighting
122 trillion Bty
4 Note: this is US average

South-west more cooling

Water Heating

Ceoling
37 trillien B 134 trillion Btu

on B1y)

North-east has more heating

California Net Zero Buildings

* Goals

— All new residential construction NZE by 2020

— All new commercial construction NZE by 2030
* Definitions

— NZE site?

— NZE source? (3:1 elec to gas)

— NZE on building only? Parking lot?

— How to control renters energy use?

Building Science.com

NREL Report

£, A nationel labaratory of e US. Department of
& = Ofice of Energy Eficiency & Renewstée
& BNREL

Energy
Energy
ational Renewable Energy Laboratory

_m— . S

*5

H Technical
Assessment of the Technical — R‘f;"

Potential for Achieving Net December 2007
Zero-Energy Buildings in the
Commercial Sector

B. Griffith, N. Long, P. Torcellini, and R. Judkoff
National R ble Energy Lab Y

D. Crawley and J. Ryan
U.S. Department of Energy

Building Science.com

© buildingscience.com

9 of 49



PG&E

Straube

Enclosures for Low-Energy Buildings

NetZero
* NZE is not likely a desirable goal

* Someone needs to pay for Grid

* Who produces in winter?

* High density fights against Net Zero
— Car however uses a lot of energy

ZEB by area for bin in Biue; Sector distribution in Red

Number of floors

46 Percentage of floor area that can reach ZEB as a function of number S8
of floors in building: Max Tech scenario -

Percent of floor area able to reach ZEB goal

caBgsg23ggsd

Building Science.com

Net Zero

* Many buildings can be built as NZE

— NREL estimates about 50% of commercial floor
area can be built to NZE

* Large offices, health care, most restaurants,
can’t get there

* Someone needs to use energy to pay for grid

* Therefore, true low-energy buildings are fine
too

Building Science.com

Low Energy Buildings

Holistic Approach

— Reduce loads

— Improve efficiency of meeting demand

— Never sacrifice safety, health, durability

Use numerical targets and track performance

Net Zero may not always be the goal

Building Science.com

© buildingscience.com
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How?

To reduce operational energy use

-

Process and Philosophy

Decide to value low energy consumption

Set measurable targets, predict usage,
measure performance

Stamp out waste everywhere
Use energy efficiently when you need to use it

Do not sacrifice safety, comfort, health and
durability

Top Ten List

Commercial and institutional mid-size buildings

Limit window-to-wall ratio (\WWHR|) to the range of 30-40%, 50% with very
high-performance windows

Increase window performance (lowest U-value affordable in cold climates,

including frame effects, bow SHGC In sunny/warm)

Inerease wallfroof insulation [esp. by controlling thermal beidging) and
airtighten

Reduce lighting & equipment/plug power densities

Separate ventilation alr supply from heating and cooling.

Use sccupancy and daylighting contrals for lights and equipment

Don't over ventilate, use heat recovery & demand controlled ventilation
Improve boller and chiller efficlency & recover waste heat [eg IT rooms)

Use variable speed controls for all large pumps and fans and implement
low temperature hydronic heating and cooling where practical,

Use a simple and compact building form, oriented to the sun, with a depth
that allows daylight harvesting.

B #rvecue

' 3

Building Energy Determinants

Restrictions about min size, must use
technology, etc

Client

Massing, window area, enclosure details,
sefection af WAL,

Systern design, control, eguipment

Mech ENg  setection

Temperature, humidity ranges, operation of
appliances, urning off lights, etc

Generation technology, pricing structure,
efficiency of operations

Utility?

© buildingscience.com
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Strategies

* Siting & Orientation (small impact)
— Orient with sun, wind, rain, earth shelter?
. Shape and Form (small to moderate impact)
— Small, Compact, simple
* Exceptional building enclosure (mod to large impact)
— Insulated, airtight, solar control, daylight
* Efficient Equipment (mod impact)
— Not there or off is best, controls help
* Renewable Energy Generation (impact varies)

11/20/10

45/175

Sma”, Compact FOrm - Lessheatloss and gain

* Fewer resources

Size: Surface Area to Floor Area

* Size matters 10 - 12’ storeys

1- 12’ storey (mall) SA: = 72000
FA: 120 x120 = 144000

FA: 100 x 250 = 25000
SA: = 33400

Ratio 1.5:1 Ratio 0.5:1

The higher the ratio, the more
1- 10’ storey (house) enclosure design & climate impact

performance
FA: 30x 50 = 1500
SA: = 3100
Ratio 2:1

Form &
Massing

¢ Keep it simple

* Cheaper, easier, faster
¢ Fewer

— thermal bridges, air leaks
— Material volumes

— construction challenges

11/20/10

© buildingscience.com
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I Gagnia & Iw dvwds ! Engryy e Buildmgs PV (2000 ) 473000

Shape and Orientathan: Heating

Enargy for cool climate, small I

bushding s s 104 2

s - il

@ | 88~ oo
s | . L £ L.. 4 wld
M Sl Chd TR T
W _aE L 3 O b W
P 'm TN el Cermedm
PR E R

T 18 vy

P 4 et wl B il vhoyw o i ey b,

-HIABE

Building Shape

« Alphabet Soup

Large Buildings
Many buildings with
large cores require
cooling in winter
while heating the
perimeter

Core / Perimeter

*Perimeter Zone
sperformance
dominated by climate and
enclosure
*Core Zone
sdominated by interior use.
Climatefenclosure almost
irrelevant
*In most occupancies, core
needs coaling and lighting all
year long, all day

© buildingscience.com
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] i - "
Define “perimeter Expanded Plans
* Maximum distance about 25 ft/ 7.5 m « Better daylight, easier ventilation but more

— Classrooms often 25-30 ft, open plan office enclosure heat loss and gain and air leaks

* Minimum often set by walls/partitions of
exterior offices

— Cellular offices often 15 ft/ 4.5m deep

Skin Dominated Building Skin dominated

sPerimeter Zone over most of floor area
sExcellent daylighting and cross ventilation
opportunities

* Termed "Skin Dominated”

«Demands good building enclosure

Straube © buildingscience.com 14 of 49
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Grouping buildings Grouping

housing
* Grouping units reduces heat loss/gain through

shared walls

* Reduces resource use per unit

57/175

11/20/10

Daylighting

* Natural light can offset artificial lights
* Natural light almost always preferred

Daylighting

* BUT,
— Must use daylight controls and sensors to capture
Adding enjoyment while saving énergy savings
electricity — Need to control glare and solar heating caused by

too much glass on sunny days

Building Science 2008

Building Science 2008

Straube © buildingscience.com 15 of 49
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Daylight Penetration

* Many simple design tools available
= Wark well for standard shapes

* Effective Aperture . ~ heiamiEn

— Visual transmittance x Glass area , .:'_‘_' g | 1.5 b = L4k

- Recommended: (window ht/ ceiling ht) * VT > 0.20 ; I,— 2Eh=LEmSn
* Daylight zone depends on window head height :

- Eg penetration 1.5 - 2.5 window head height g e
= Software such as Ecotect Radiance DaySim _ AR

quantify complex shapes _

¥ D"‘:“"“‘"‘""" 1.8 he fmizo i
2-‘!-h-?-ln"ﬁ£

Straube © buildingscience.com 16 of 49
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Daylighting

* Direct solar penetration is NOT desirable
— Creates glare and discomfort.
— MAY be useful for free solar heating if desired
— High on south in winter, W/E in summer

* Design for diffuse light
— Almost the same on all four orientations
— Bright sky is about 10 000 lux on horizontal

Lighting Goals

* 300 lux on desktop (500 for special apps)
— Often this means a Daylight Factor of 2%

* Lighting power density has dropped
tremendously (3X) in last 30 yrs

* Now possible to do 0.8 W/ft? (10 W/m?)
— Future LED offer even lower lighting
— Smarter task and general lighting

* Energy Benefit of daylighting is decreasing

Reinhart C F, “A SIMULATION-BASED REVIEW OF THE UBIQUITOUS WINDOW-HEAD- HEIGHT TO
DAYLIT ZONE DEPTH RULE-OF-THUMB". Ninth International IBPSA Conference, 2005

Daylight Autonomy
* % of annual use hours when daylight is sufficient without glare

—— o s

= = ~active bind use

~

\‘ . \\-,

. ) ' 15 ] 2 ]
tance 1o facade in uits of window hesd-beght

Figure 2: Daylight autonowy distributions for a rectangular room located in New York City facing South. The
facade is fully glazed above work plane keight and features a solar protective plazing with a viswa!
transwittance of 35% . The minimun illuminance level in the affice is S00fux and office hours are Monday to
Friday from SAM to 5 PM. Daylight ausonomies are shown with and without the wse of @ generic venetian blind

From: C Reinhart, 2005

Daylight Design

* Next to head height and window area,

window transmittance (T,; or VT)
(b) teis 9%
teis TS
i
%
ar o " “w “w n n M

Axtance o facade In units of window head-height
From: C Reinhart, 2005

© buildingscience.com
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Daylight Design

* Head height, not ceiling height. Low glass is
essentially useless for daylighting.

~— ballustrade & sill - - - ballustrade; no sill
— - no ballustrade; sill -+ no ballustrade; no sill
>

frequency distribution

° 05 1 15 3 25 3
distance to facade in units of window head-height

Figure 6: Freq 'y distributions of predicted
daylit zone depths with blinds for varying facade From: C Reinhart, 2005

s ‘
B ’

=
—
e
| -

Y
w
/|

7 4
S

Architecture: Vertical and horizontal shading
Too much glass, so dark tint

© buildingscience.com
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~

.
Even with limited WWR, daylight is sufficient

Large (60%+) WWR but shades need to be drawn, and glare

Enclosure Intro Summary

* Enclosure often defines the Heat/Cool load

— Architecture defines massing, orientation,
enclosure

* Enclosure more critical for skin-dominated
— Heat flow, Solar control, air tightness
* Lighting, ventilation critical for deep plan

» Control windows to get quality daylight,
combine with controls to save energy

www.Building Science.com

Straube © buildingscience.com 19 of 49
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University of

Waterloo

X
N
<%
High Performance Enclosures

Dr John Straube, P.Eng.

Associate Professor
University of Waterloo
Building Science Corporation

Building
Science
CGorporation

www.BuildingScience.com

Enclosures in Context

Enclosures reduce space heating/cooling
— and help with lighting, ventilation

We still need energy for other things

— Lights, appliances, computers, elevators, etc
Still need to provide some HVAC!

Hence, good mechanicals and renewables will
also be needed for net zero

Great enclosures reduce demand & hrs of
operation

www.BuildingScience.com

Top Ten List

Commercial and institutional mid-size buildings, Canadian climates

¢ Limit window-to-wall ratio (WWR) to the range of 20-40%, 50% with ultra-
performance windows

* Increase window performance (lowest U-value affordable in cold climates,
including frame effects)

¢ Increase wall/roof insulation (esp. by controlling thermal bridging) and
airtighten

* Separate ventilation air supply from heating and cooling.

* Use occupancy and daylighting controls for lights and equipment

* Reduce equipment/plug & lighting power densities

« Don’t over ventilate, use heat recovery & demand controlled ventilation
* Improve boiler and chiller efficiency & recover waste heat (eg IT rooms!)

* Use variable speed controls for all large pumps and fans and implement
low temperature hydronic heating and cooling where appropriate.

¢ Use a simple and compact building form, oriented to the sun, with a depth
that allows daylight harvesting.

wiww.BuildingScience.com

© buildingscience.com
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Buildings: Why do we Build?

* To keep the wind, sun, rain, snow, heat, cold,

dust, bugs, animals, and nasty people outside.

* But we let in some things

— Nice people, pets, sunshine, daylight, clean air,
clean water, supplies

* And let some things out
— Views, polluted water and air

www.BuildingScience.com

What is outside like where are you building?

- S

Climate Zone
Rainfall

Subarctic/Arctic,

Building Science 2008 Enclosures No. 6 /

The Enclosure: An Environmental
Separator

* The part of the building that physically
separates the interior and exterior
environments.

* Includes all of the parts that make up the wall,
window, roof, floor, caulked joint etc.

* Sometimes, interior partitions also are
environmental separators (pools, rinks, etc.)

Building Science 2008 Enclosures No.7 /

Climate Load Modification

* Building Enclosure (walls, windows, roof...)
— Separates climates
— Passive modification

© buildingscience.com
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Enclosure Intro Summary

* Enclosure often defines the H/C load

— Architecture defines massing, orientation,
enclosure

* Enclosure more critical for skin-dominated
— Heat flow, Solar control, air tightness

* Lighting, ventilation critical for deep plan

Building Science

Basic Functions of the Enclosure

~ SUPPORT

~~— CONTROL

¢ 1. Support
— Resist and transfer physical forces from inside and out
* 2. Control Functional Layers
— Control mass and energy flows
* 3. Finish ~
— Interior and exterior I
surfaces for people el |

¢ Distribution — a building function

Building Science

S pasH

Basic Enclosure Functions

* Support

— Resist & transfer physical forces from inside and out
* Lateral (wind, earthquake)

Functional Layers

* Gravity (snow, dead, use)
* Rheological (shrink, swell)
* Impact, wear, abrasion

* Control
— Control mass and energy flows
* Finish

— Interior and exterior surfaces for people

Building Science Enclosures Mo 11

~ SUPPORT
"~ CONTROL

S masH

© buildingscience.com

Basic Enclosure Functions

e Support
— Resist & transfer physical forces from inside and out
* Control
— Control mass and energy flows
* Rain (and soil moisture)
— Drainage plane, capillary break, etc.
* Air
— Continuous air barrier
* Heat
— Continuous layer of insulation
* Vapor
— Balance of wetting/drying
* Finish
— Interior and exterior surfaces for people

Building Science.com Enclosures No. 12/

Functional Layers

~~— CONTROL

22 of 49
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Other Control . . .

Basic Enclosure Functions

¢ Support e Support
* Control — Resist & transfer physical forces from inside and out
— Fire ;
« Penetration Funtional Layers * Control Functional Layers
+ Propagation — Control mass and energy flows
— Sound « Finish
* Penetration 2 inis N .
. . — SUPPORT . . — SUPPORT
Reflection N — Interior & exterior surfaces for people 5 5
— Light OO ~ CONTROL
< Diffuse/glare S s * Color, speculance — -
¢ View * Pattern, texture
* Finish
Building Science.com Enclosures No. 13/ Building Science.com
History of ch
B anges
Control Functions g
e ——— Masonry - Veneer
= Wood
y = B =
* Older Buildings e 7
Air space
— One layer does A
77 Building
everything A I goRe
+ m Sheathing
T E N Insulation
* Newer Building 77
VA « Drywall
— Separate layers, A - Services
... separate functions oy t
Then Now

Building Science.com

Building Science.com

© buildingscience.com
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What is a high performance
o" ”n
The “Perfect Wall 5
enclosure-
* Finish of whatever -
+ Control continuity * One which provides high levels of control
— Rain control layer . . ..
- Perfect barrier Cladding > * Poor continuity limits performance
+ Drained with gap . .
- Storage Control layers — ]| » * Poor continuity causes most problems too:
— Air control layer . .
+ Airbarrier Structure > — E.g. air leakage condensation
- TrjerArl:?ilnscLﬁ:t?;:lrlaadyi:nrt barriers - Rain Ieakage

I

— Vapor control layer
* Retarders, barriers, etc

* Structure can be anything — Cold windows

— Surface condensation

Fire Control may be needed ¢ This course: Conﬁnuity + h|gh levels

Sound Control optional

Building Science.com 17 www.BuildingScience.com

Wall
Ballast
A Filter fabric
< Control layers
i < Roof structure
I { JL JL JL :
: 1l 1l 10 : I
Slab Roof
Building Science.com 19 Building Science.com 20

Straube © buildingscience.com 24 of 49
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< Slab
<« Control layers
', <« Stones
<« Earth
Building Science.com 21

Building Science.com

Wall

= ) — =

Building Science.com 23

© buildingscience.com

Building Science.com

= — — =

Wall

Roof
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Roof
H Wall
I
Ml

Slab

Building Science.com 25
TL Parapet —
: Roof
: Wall
Footing Slab
L]

Building Science.com

TL Parapet
L Roof
L Wall
Slab
Building Science.com 26
P Parapet
H Roof
ll
Window Wall
il
Footing Slab

Building Science.com

© buildingscience.com
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Open Cladding

Wall control layers IRES

Connections: Who is in charge

Building Science.com 29

Roof control layers

Enclosures No.30/

¢ Details demand the same
approach as the enclosure.

* Scaled drawings required at

Building Science.com

Enclosure Design: Details

Perfect Wall expanded

Cladding -
Thermal Control e
Water-Air-Vapor Control e
Structure g =
Service Distribution
Finish =

Fire Control may be needed
Sound Control optional

Building Science.com 2

Straube

© buildingscience.com
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Any R-value, e.g.

Brick veneer/stone veneer ————»

Drained cavity

Exterior rigid i — extruded
polystyrene, expanded polystyrene,
., rock wool,

ort Il-on or spray
applied vapor barrier (Class | vapor
retarder), air barrier and drainage

plane (impermeable)

Concrete block <]

Metal channel or wood furring

Gypsum wall board (GWB) %

Latex paint or vapor semi-
permeable textured wall fiinish

«

Vapor Profile

—)

4” PIC=R25
Perfect Wall 5”XPS =R25
6”MFI=R25
e CMU/concrete 5
backup Cladding >
Insulation
Water-Air-Vapor Barrier =
Structure >
Finish — =
Any R-value, e.g.
4” PIC=R25
Perfect Wall 5'XPs <R2S
| | 6”MFI=R25
* Steel Stud i
L~ | |
Backup Cladding % | ||
Insulation -
Air-Vapor-Water Barrier ~ '
Structure »
- ] ! |
Finish = : |

Building Science.com 35

Brick veneer

Drained cavity

Exterior rigid insulation — extruded -—‘
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Uni steel stud cavity

Gypsum wall board (GWB)

Latex paint or vapor semi-
permeable textured wall fiinish

NNS1N/SININ|SINININ|N N NN NSNS

-

Vapor Profile

www.BuildingScience.com

=

© buildingscience.com
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Conden

sation & Dryin

Exterior R-value

sl Rl controls risk of condensation

Ratio:

Brick veneer/stone veneer ————————»

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

Non paper-faced exterior gypsum

sheathing, plywood or oriented strand
board (OSB)

Insulated steel or wood stud cavity

Cavity insulation (unfaced fiberglass
batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum wall board (GWB) %

Latex paint or vapor semi-
permeable textured wall fiinish

| —
Vapor Profile

Compromise

www.BulldingScience.com

Steel studs
compromise
the thermal
performance
Wood studs,
not so much

Any R-value, e.g.
6” wood stud+
2" PIC= R30
3”XPS= R32
4”SPF=R40

www.BuildingScience.com

! — 70F - ] [—r
| 0 il
Ul =1 rer A il Heor
— I | L | | -
d bl HsoE ] ; / H 50F
] | i Al O
i ! H 40F H ;ml (H 40 F
| - i i |
= o - 30F i = A H30F
U O N SOl O
P Ll 20F L '5 / Ll 20F
ol H ] Yy
] | N ERTY- ] P |
| e | e
[/ Riof [! ! U 0F U ( :ng U oF
www.BuildingScience.com
Compromise= Risks
1 >S5 | e 70 F - L )| o 70 F
1_/_? H ) /—_
/1l HeoF u M HeoF
1 H o2l A H
0| HsoF ] v /il HsoF
i H40F ] ; ' :40F
i [ i N
i — 30F ] Ll 30F
3 T 20F ] [ 20F
M Hior i 10
ol H i
Riof [R12 | = OF - = 10F
:

Specifics

Now we will look at
— Rain Control
— Air F|0W Control Energy Durability, Health

&
— Thermal Control Comfort

In some detail

www.BuildingScience.com

© buildingscience.com
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Rain Control

Next to structure, the most important,
fundamental requirement

Rain ContrOI * Source of many serious building problems
* Major impact on durability

* Low-energy buildings & rain
— Different enclosure assemblies
— Reduced drying ability

www.BuildingScience.com

Wall Systemnt
)\ .
_ Mass/Storage/Reservoir Walls
Rain Control —
m
( . )
. Imperfect Barrier Perfect Barrier
* Elements and joints can be ‘
different ( ) )
Mass or Drained? or Perfect Barrier
Storage Types Screened Types Types
|
<1 W ) l |

Less mass More mass '

and lower and mare ‘ ‘

permeabilty  permeabilty A A l

[ | | | L
Cavity’ No Cavity ;:::d Cg::ifd Rubble Solid Masonry Composite/
‘ Layered
( [ )
Ventilated*  Vented® Urlvelmed
Pressure moderated ®
| John Straube
Ventilated and pressure moderated ————

Straube © buildingscience.com 30 of 49
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No building paper, flashing, weepholes

Surface features such as Overhangs, Drips, etc are important for mass walls

Rain Control 46

Wall Systemnt
Categorizaﬁon Joints Elements
( A
. Imperfect Barrier Perfect Barrier
* Elements and joints can be
different [ - ) N
Mass or Drained? or Perfect Barrier
Storage Types Screened Types Types
|
< 0
Less mass More mass '
and lower and mare
permeabilty  permeabilty A A
Cas‘/lty’ No C‘a»/lty Fa‘ce ConcLaIed

Sealed Barrier

( [ )
Ventilated*  Vented® Unvented

Pressure moderated®

Ventilated and pressure moderated

Perfect Barrier / Face Sealed

l :
: ;

Structural Glazing Steel-Clad
Foam Panels

www.BuildingScience.com

e
NN
N N

. v
/ /
/ /

. vV

Face-Sealed
EIFS

© buildingscience.com
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Wall Systemnt
. . Joints Elements
Categorization "
( A
L Imperfect Barrier Perfect Barrier
* Elements and joints can be
different [ ) N
Mass or Drained? or Perfect Barrier
Storage Types Screened Types Types
E
!
Less mass More mass
and lower and mare
permeabilty  permeabilty /L A
| |
Cavity? No Cavity Face Concealed
J\ Sealed Barrier
( ( )
Ventilated*  Vented® Unvented
Pressure moderated®
\
veurw BulllingSclence.com Ventilated and pressure moderated

Drained Walls

* “Pressure Equalized Rainscreen” are a fictional sub-
set of drained walls

\
N

N

Lap Siding Panel Cladding Masonry Veneer
Systems

Building Science 2008

Straube © buildingscience.com 32 of 49



PG&E

Straube

Enclosures for Low-Energy Buildings

Requirements for a Drained Enclosure

1. "Rainscreen" cladding —£ h

= g
2. Drainage space > §
i 3
m
3. Drainage Plane = °
2
4. Flashing — 3

5. Drain Opening A

(uweepu) >

Shingle lap is the best,
most reliable

Beware vertical
installation and wrinkles!

[Science.com

Air-Water-Vapor

* Often thin layers

* Can be
1. Water control (vapor permeable, not airtight), or
2. Air & water control (vapor permeable), or
3. Air, water & vapor (vapor impermeable).

* Examples

— Building paper, untaped housewrap, sealed and
supported housewrap, fluid applied, peel and stick

www.BuildingScience.com

Air-Water
Control Layers

Sloped and complex
surfaces demand very

high performance

© buildingscience.com
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Fluid-applied products ~ - -
avoids laps '

£

Non-adhered, vapor
permeable
=modest performance

Supported flexible
membrane is better

Enclosures for Low-Energy Buildings

Details

* Air & water & vapor
transition membranes

ntrol  No. 58/79

% \‘\\

Often use membranes
for transitions

www.BuildingScienc

© buildingscience.com

Mixed membrane + liquid
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* Semi-permeable -

Spray/Trowel Applied Air/water
T

Closed-cell spray
polyurethane foam:
ccSPF

-Rain control

-Air Control

-Thermal Control

L]

Continuity is key!

Must ensure no rain leaks
Airflow control should be as continuous as
practical

Thermal control
— We live with penetrations
— Minimize steel and concrete to small local

Vapor control
— Not that important to ensure continuity

www.BuildingScience.com

Air Flow Control

© buildingscience.com
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Air Barrier Systems

* Need an excellent air barrier in all buildings
— Comfort & health
— Moisture / condensation
— Energy
— Sound, fire, etc.
* Cant make it too tight.

* Multiple air barriers improve redundancy

Air moves more vapor than diffusion!

Wall 1 Wall 2 Wall 3

* Vapor diffusion only + Vapor diffusion only + Air leakage only
« Class |l vapor control « Class Il vapor control « Class | vapor control

Exterior ‘
T=0'F/-18C |
RH = 80%

Interior
T=70°F/21°C
RH = 35%

s

b

48 grams | month 538 grams /month 22,200 grams / month
= 3 tablespoons =24 cups =98 cups

Diffusion is rarely a big deal
Air leakage almost always is!

Calculations for a single stud bay, 8 ft tall, 16” wide
www.BuildingScience.com

Air leakage

* Hard to save energy with the door open
* Buildings getting tighter, but . . .
— Many still leak way too much
— We can’t identify the leakers
— Need to test! Commission!
* Ventilation: Many try to improve air quality by
increasing quantity
— Target good air when and where needed

67/175 11/20/10

Air Barriers and Energy

* Requirements
— Continuous (most important)
— Strong
— Stiff,
— Durable,
— Air Impermeable (least important)
* Easily 1/3 of total heat loss is due to air
leakage in well-insulated building

68/175 11/20/10

© buildingscience.com

36 of 49



PG&E

Straube

Enclosures for Low-Energy Buildings

~ Drywall caulked, glued or

gasketed 10 top plate

~— Exterior sheathing caulked,

glued or gasketed to top plate

Cladding Polyethylene

Taped or sealed joints in

‘exterior sheathing
— Exterior sheathing caulked, |~ Caulking / sealant

glued or gasketed 10 bottom plate ==

Vapor permeable housewrap
| wrapped around floor assembly
- ~ Caulking / sealant
~ Exterior sheathing caulked,

glued or gasketed to top plate
~— Tape or sealant, over joint in

exterior sheathing

Taped or sealed joints in
exterior sheathing

Exterior sheathing caulked,

glued or gasketed to bottom plate

Building Science

~ Bottom plate installed over sill gasket

Note: shaded components designate

air barrier system

~ Polyethylene

Caulking / sealant

Polyethylene

- Caulking / sealant

Polyethylene sealed
to inside face of
botiom plate

~ Bottom plate installed
over s gasket

Note: shaded components designate
air barrier system

Airflow Control  No. 69/79

Building Science.com

Poly combines air and
vapour control

-Must be sealed and
supported to be air barrier
-Cover most area and you
have vapor control

rol 71

Building Science.com 72

© buildingscience.com
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Lapped sheet or liquid-
applied water and air barrier
Rigid foam or semi-rigid
mimeral fiber insulation;
nominal 1" drainage gap

Insulation retention washer
Vent and drain B
openings @ 24" o.c.

Stainless steel
projecting drip flashing

Vent openings

Use backer rod to fill
deflection joint and debond
water and air barrier

V2

KN

A

M

Straube

L gypsum

Intermittent steel angle to support
gusset that supports shelf angle

Bent sheet metal concrete
form closure

— Concrete fioor slab or
composite deck

Top chord

Light gax
(instalied sl

of I-beam)

1,1 ! Open web steel E

joist
l_ 0 o
L S L

Acoustic ceiling

Deck level vapor control membrane rarely required if closed cell foam used

Roof air barrier

Fully adhered e

Roof st ing

Two layers of rigid insulation
(joints staggered and offset)

N7

Fully adhered membrane air barrier
G hing

P

¢ Fluted metal deck

T

—— EXISTING ROOF PENETRATION

e
// SEALANT
- METAL COLLAR

SEALANT
L COLLAR

L FLASHNG

~ FULLY=ADHERED PVC ROCF
SEAL TO SOE OF EXISTING
EXTEND 6" ABOVE INSULATION
" INSULATION COVER BOARD

VER BOARD

NSULATION, VARES, SLOPE
R FOOT TO ROOF DRAINS, 3° CONTINUOUS
ON, (2) 1 % LAYERS, JOINTS STAGGERED

\

\‘_ £XSTING METAL DECK

— A" METAL DECK COVER BOARD

FULLY-ADMERED AR BARRIER MEMBRANE,
SEAL TO SDE OF EXISTING PENETRATION,
EXTEND 2° ABOVE INSULATION COVER BOARD

Building Science 2007
Joseph Lstiburek - Airflow 76

© buildingscience.com
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Building Science.com

Stack Effect Flow Out
(Exfiltration)

".f Pinside drops with
% height slower than
Poutside

Poutside drops
with height faster
than Pinside

Stack Effect Flow In
(Infiltration)

Building Science.com

Compartmentalization is the most effective solution

Reduced Individual
Unit Stack Effect

S0
s |
=10
S
i |
o |
|
S0

I

Building Science.com

Building Scienc.com

CIE'\SLLI)T\D THROUGH SIXTH FLOOR PLAN
&, .

Joseph Lstiburek - Airflow 80

© buildingscience.com
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Building Science.com

Individual air supply/exhaust per tenant

Building Science

© buildingscience.com

Thermal Control
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Thermal Control

* Insulation
— Slows heat flow in and out
* Windows
— Slow heat flow in and out
— Control solar gain : allow or reject?

.

I"

¢ “cool” roofs

W

— Reduce solar gain

. . > () .
* Radiant barriers il 1 %»’éf\\\\\
v S\
4. T
www.BuildingScien ». &=

Convection g\:
W

Thermal Insulation

Insulation R-value/inch k (W/mK)
Empty airspace 0.75”-1.5” (20-40 mm) R2.0 - 2.75 0.36 -0.50 W/m2K
Empty airspace 3.5”-5.5” (90-140 mm) | R2.75 0.50 W/m2K
Batt (mineral fiber) 3.5-3.8 0.034 - 0.042
Extruded polystyrene (XPS) 5.0 0.029
Polyisocyanurate (PIC) 6.0-6.5 0.022 - 0.024
Expanded polystyrene (EPS) 3.6-4.2 0.034 - 0.040
Semi-rigid mineral fiber (MFI) 3.6-4.2 0.034 - 0.040
Spray fiberglass 3.7-4.0 0.034 - 0.038
Closed-cell spray foam (2 pcf) ccSPF 5.8-6.6 0.022 - 0.025
Open-cell spray foam (0.5 pcf) ocSPE 3.6 0.040
Acrogel 8-12 0.012-0.018
Vacuum Insulated Panels (VIP) 20-35 0.004-0.008

How much Insulation

* Heat Flow = Area * (T

R-value

T

inside outside)

* Double R-value, halve heat flow. Always.

* Optimum depends on
* Cost of energy over life of building
* Cost of adding more insulation
* Savings in mechanical equipment, controls

www.BuildingScience.com

Thermal Continuity

Some short circuiting is normally tolerated.
High-performance walls tolerate few

Major offenders / weak spots

— Penetrating slabs (<R1)

— Steel studs (<R1)

— Windows (R2-R3)

Area and low R matter to overall significance

www.BuildingScience.com

© buildingscience.com
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Best-case R-values for stud walls

25
° Steel Studs @ 16" o.c. Wood Studs @ 16" o.c.
3 >
$ 2
3
5 *Clearwall
= =Nominal
15
S
2
= 10
E
£
-
s
b
w
? RSci 3.5in |R-13 3.5in | R-19 6in [R7.5¢i 6in| R10ci 6in |R-15 3.5in|R-19 6in|R-21 6in
®ClearWall | 5.8 6.0 714 | 88 | 13 | 100 | 129 [ 138 |
# Nominal 5 13 19 [ 75 | 10 | 15 [ 19 [ a |

Source: ASHRAE 90.1-2007, Table A9.28.

ci denotes a layer of continous insulation with no framing penetrations

¥

Are studs usually 16” o.c.?

Building Science.com

1

Are the studs within a heavier struc

** Building Science.com F ' 9

.

\

ture?

© buildingscience.com
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Thermal Bridge Examples

Balconies, etc
Exposed slab edge

Steel studs

Sheathing

Second layer of z-bars
should be installed

perpendicular to the first
layer; orientation of the two
layers will depend on the
requirements of the
cladding attachment
system.

\

Metal panel

First layer of z-bars embedded in the
insulation layer; should the first layer be
installed horizontally, the exterior leg
should be turned down to promote
drainage to the exterior.

WWWL DU SUIET L. LU

Cold
formed
hat section

Cold

Steel studs ——
Sheathing

Fully-adhered air and
water control layer

[Continuous insulation

formed
Iclip angle

)

Cold formed
angle

Metal panel

STOFIX®LEVELING SYSTEM ASSEMBLY
HORLZONTAL

El
RAIN SCREEN
AL

a

Straube

WAL BRACKET
VERTICAL LRAL

PO

SECTION VIEW PLAN VIEW

STOFIX®LEVELING SYSTEM COMPONENTS

%

WALL BRACKET
2,4 0R6"

1063 ALUMINUM

PANEL

OPTIONAL EXTERIOH
INSULATION, NOT BY KW

© buildingscience.com
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Fully-adhered air and water —}
barrier, lapped at joints %

A\N

Continuous thermal insulation
(XPS, EPS, PIC, ccSPF,
semi-rigid MFI); nominal

1" drainage gap

Insulation retention washer
(depending on insulation
type)

Vent and drain

openings @ 24" o.c. N\
Stainless steel o
projecting drip flashing

Shelf angle supported on —
stand-offs attached to
cast-in plates

Vent openings

Use backer rod to fill
deflection joint and debond
water and air barrier

N

Furring

<+————————— Gypsum
board finish

Small metal clips
dramatically reduce
thermal bridging

Windows

Our most expensive thermal bridges
Aluminum is 4-5 times as conductive as

Difficult to buy commercial aluminum
windows / curtainwall over R3.
Allow solar heat in

— Useful in cold weather

— Requires cooling in summer

www.BuildingScience.com

© buildingscience.com
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Total Heat Flow

Curtain Wall Plan View

flanking
- .
frame
1 glazing
centre of glass n system
. U-value
edge of glass K —
.

Building Science 2008 Windows and Curtainwalls  No. 10180

Full-Frame R-values

High tech? = Low tech?

[ ——
Building Science 2008 Windows and Curtainwalls  No. 10380

Building Science

e (W2

Thermal Break

* Critical for alu windows

e %" should be min
thermal break

Figure 4: Frame U-Value vs. thermal break thickness.

104

1
I

!
!

[ne 2 ) L= al

3

© buildingscience.com
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*Spandrels are not
very effective
*R20 in typical
curtainwall has R5

Spandrel: glass, metal, stone, ——
etc. cladding; air space; insulation,
metal back pan, air barrier

Firestop insulation, smoke seal
and compartmentalization seal

Building Science 2008

Visionwall

Windows and Curtainwalls ~ No. 10680

Double Glazing, Centre of Glass
457

GAS FILL IN GAP SURFACES
—_———Ar
4.0 — — - Argon 1 3
\ ------- Krypton 2 4
% Outside Inside
35
S5 . 304
2% 2 ti
8 E — Nno coatings
OS 25
3=
i3
£ 70T 204
c IE — -
3 __ _ coatings
15 \ """" R4
103 | e =0.10 on surface 2 or 3
‘ (e = 0.03 available commercially)
0.5 i i
‘ §
0.0 T T T T T T
0 5 10 .15 20 25
1" 3g 3 34" 1
Gap Width, mm

www.BuildingScience.com

Centre-of-Glass U-
Factor, W/(m?K)

4
&l
L

Triple Glazing, Centre of Glass
GAS FILL IN GAP SURFACES
Air

1.0
0.5
(e = 0.03 available commercially)
0.0
! T e Ia &
g g A 4 "
Gap Width, mm

www.BuildingScience.com
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Center of Glass (COG) Performance* AlpenGlass+™
Industry Leoding Performance  U-Volue RVolve SHGC VI Glozing Fill
Premium Performance U-Volue RValve SHGC VT Glazing Fill
U-Volve RValue SHGC VT Glazing Fill
Courtesy of ThermaProof
Windows and AlpenGlass+

* Measured by SHGC
* Solar gain useful during cold sunny weather

* But least heating is needed during daytime for
commercial buildings

* Overheating discomfort is a real risk

* Must size glass Area x SHGC carefully
— High values = air conditioning and discomfort

www.BuildingScience.com

Interior or Exterior Shade

* Operable Solar Control of windows may be necessary for
ultra-low energy buildings

* Exterior Shades always beat low SHGC glazing
— But the cost capital and maintenance

* Interior shades don’t work well with good windows

_\(')/_13% Ny

/|>

21%
46 %
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Fully operable shades

......

yyyyyyyy

""""" High R wall, 40% glazing (triple) |

Chriesbach Building:

Switzerland

S i

—+-U=0.21 (R27), SHGC=0.41
#-U=0.35 (R16), SHGC=0.42

U=0.57 (R10), SHGC=0.448 /
10000 #-U=099 (R6) . SHGC=052

- U=156 (R4) . SHGC=051
-o-U=27 (R2) .SHGC=0.7

U-Value

heating load (KWhia)

% glazing of proposal

Figure 3.3.1 b): Heating load vs. % glazing of proposal for various windows.

Total Heating/Cooling Energy (KWHa)

| BCooling Load (latent) (kWh/a)

® Cooling Load (sensible) (kWhia)

@ Heating Load (kWh/a)
Solar gain is
useful if
A controlled Mass can
matter for low —

energy
houses

Appliances
reduce

heating Ty

Automatic
Exterior
blinds kill
cooling

CASE1 ' CASE2 CASE 3 CASE4 CASES ' CASES
Figure 3.6.1 b: ESP-r simulation results for the refined house modei.
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Effective Overall Wall R-value (hr sf F/ Btu)

=

=#=1. Uwindow=0.5, Rwall=6
=#=2. Uwindow=0.5, Rwall=11
=3, Uwindow=0.5, Rwall=16
=o=4. Uwindow=0.35, Rwall«15
=9=5. Uwindow=0.30, Rwall=40
=46, Uwindow=0.14, Rwall=20

== 218 wood R12, wood/viryl double glazed air

Stad R23,4" polyiso, # gon
A28, # argon o
R21, 1.5"pobyisa, argon

= 2x6 wood stud R21,1% extuded polystyrene, foerglass triple glazed low-e.
wrypton
—9— 216 wood stud R21,4" polyiso, fiberglass triple glazed low-e krypton

Wingow-to-Wal Ratio (WWA) %

www.BuildingScience.com

] 0 35 %0 4 50 55 ©@
Window to Wall Ratio (WWR %)

Building Science 2008

Windows and Curtainwalls  No. 11880
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