
High%performance'buildings'are'more'than'low%energy'buildings:'they'are'comfortable,'

durable,'and'func?onal.'The'methods'and'strategies'that'make'a'big'difference'in'the'

energy'use'of'office,'residen?al,'and'retail'occupancy'buildings'are'fairly'well'known,'if'not'

widely'prac?ced.'The'energy'benchmarking'report'created'as'result'of'New'York'City'Local'

Law'84'in'August'2012'provides'solid'and'factual'informa?on'that'current'design'and'

construc?on'approaches'are'not'resul?ng'in'the'energy'performance'expected.'Energy'use'

reported'for'some'landmark'large'"Green"'buildings'such'as'4'Times'Square,'Bank'of'

America,'and'Solaire'show'liTle'improvement.'Other'real%world'buildings'examples,'with'

less'effec?ve'marke?ng,'are'demonstra?ng'energy'use'that'is'1/4'to'1/2'that'of'the'more'

famous'examples,'oWen'at'lower'construc?on'cost.'The'difference'is'in'the'design.'This'

seminar'will'explore'the'reasons'for'the'poor'performance,'and'outline'techniques'and'

strategies'required'to'get'to'high'performance'in'both'building'enclosures'and'HVAC'

systems.'

'

As'he'always'does,'John'will'provide'thought'provoking'examples'and'analysis'to'shed'light'

on'what'is'truly'important'in'a'high'performance'building'design.'

'

•  1'kWhr=3.4'kBtu'

•  100'kWh/m2='31.6'kBtu/sf'

•  100'kBtu/sf'='315.2'kWh/m2'

Secret'Lives'of'High'Performance'

Buildings'

John'Straube,'Ph.D.,'P.Eng.'

University'of'Waterloo'
'Faculty'of'Engineering'

Building'Science'Labs'

'

High'Performance'Buildings'

•  Many'defini?ons'

•  My'defini?on'

– Comfortable'

– Durable'
– Energy'Efficient'

– Healthy/Safe'
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Energy'

•  Hard'to'measure'“performance”'

•  Easy'to'measure'energy'

Measuring'Energy'Use'

•  EUI''%'Energy'use'per'area'
– kBtu/sf/yr'
– kWhe/m

2/yr'

– 100'kWhe/m
2/yr'='31.6'kBtu/sf/yr'

•  Energy'use'per'person'
– Person=?'='bedrooms+1'

– But..'Design'vs'actual'occupancy?'
– Large'houses,'data'centers,'hospitals'

Building'Science.com'

See#BSD&152#Energy#Metrics#

Site'vs'Souce'

•  Or'electricity'is'dirty'

Building'Science.com'

BSD&151#Site#&#Source#Energy#

3.365'Na?onal'average'

Electric#uses#2x#

Example'Buildings'
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Solaire#

Solaire'

12.9'kBtu/sf/yr' 104'kBtu/sf/yr'

357000'sq'W'

Total:'117'kBtu/yr'

3rd#Street#Manha=an#

692400#kBtu/yr#DHW#
+776800#kBtu/yr#heat#
=#35.0#kBtu/sf#gas#
#
59360#kWh/yr#elec#
(202544#kBtu)#
=4.8#kBtu/sf#
#
Total:#40#kBtu/sf#
(125#kWh/m2)#
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Dorset'St%'Waterloo,'ON'

•  Colder'Climate'than'NYC'(8000HDD)'

•  First'floor'office,'11'residen?al'units'20,000'sf'

•  35'kBtu/sf/yr'gas+electric'

Site:#213#kBtu/sf#
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Was'88'kBtu/sf'

Report:'82''

Retrofit:'57'target'

102'kBtu/sf'

53.7#kBtu/sf#
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22 

Fully'operable'shades'

High'R'wall,'40%'glazing'(triple)'
Chriesbach#Building:#
Switzerland##22#kbtu/sf!!#

119#kBtu/sf#
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Massive'Varia?on'in'the'last'10'yrs'
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•  “When'viewed'in'twenty'year'increments,'a'

clear'picture'seems'to'emerge'for'the'office'

sector:'over'the'last'hundred'years,'the'me%'

dian'EUI'for'office'buildings'has'steadily'risen'

by'almost'40%'from'a'median'EUI'of'188.3'for'

offices'built'before'1930,'to'262.1'for'offices'

built'since'1990,'with'the'median'EUI'for'the'

buildings'of'each'20'year'period'being'higher'

than'the'preceding'one.”'

•  “The'mul?family'proper?es'seem'to'grow'on'

average'steadily'more'efficient'from'1900'to'

1940'and'become'steadily'less'efficient'

between'1945'and'1975,'aWer'which'they'

exhibit'more'vola?lity.”'

Why'these'trends?'

How'can'“green”'buildings'use'so'

much'energy???'
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Why?'

•  No'one'was'measuring'

•  Building'designs'
– Not'enough'insula?on'

•  Thermal'bridging,'windows'

– Too'air'leaky'
– Over'ven?lated'
– Not'enough'solar'control'

• Windows'

– Complex,'uncontrolled'mechanical'systems'

Prescrip?on'of'High'Performance'

•  Good'skin'
– Rain,'air,'heat,'vapor'control''
– Simple'to'understand/analyze'assemblies''

•  Good'HVAC'
– Control'temperature,'RH,'Fresh'air'seperately'

– Simple'to'understand/analyze'systems'

•  Good'design'
– Daylight,'view,'program,'enjoyment'

– Assume'future'changes'will'occur'

Top'Ten'List'
Commercial'and'ins?tu?onal'mid%size'buildings'

•  Limit#window&to&wall#raWo#(WWR)'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,'low'SHGC'in'sunny/warm)''

•  Increase'wall/roof'insulaWon#(esp.'by'controlling'thermal'bridging)'and'
airWghten##(shade'first'in'hot'climates)#

•  Reduce#ligh?ng'&'equipment/plug'power#densiWes##

•  Separate'venWlaWon#air'supply'from'heaWng#and'cooling.''

•  Use'occupancy#and'daylighWng#controls#for'lights'and'equipment'

•  Don’t'over'ven?late,'use'heat#recovery#&'demand#controlled#venWlaWon#

•  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#hea?ng'and'cooling'where'prac?cal.'

•  Use'a'simple'and'compact'building'form,'oriented'to'the'sun,'with'a'depth'
that'allows'daylight'harves?ng.'

www.BuildingScience.com'
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Modeling'

•  Predict'energy'use'
– For'compliance'

– For'design'
– For'assessment'

Modeling'Cri?cal'

Building'Science.com'

Insula?on'

•  Thermal'bridges'of'concrete'and'steel'

drama?cally'reduce'performance'

– 6”'steel'stud,'R20'baT'='R5!'
– 6”'wood'stud,'R1'baT'='R14'

•  Windows'have'R%values'of'around'2%3.''Huge'

heat'loss'

•  Air?ghtness'becomes'very'important'as'

enclosure'insula?on'is'increased'

Building'Science.com'
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Thermal'Insula?on'

www.BuildingScience.com' Building'Science'2008'
'

Insula?on'and'Thermal'Bridges''''No.'42/65'

Thermal'Bridge'Examples'

•  Balconies,'etc'
•  Exposed'slab'edges''

R%value'Examples'

•  What'overall'average'ver?cal'enclosure'R%

value'should'be'target?'

– R5?'
– R10?'

•  What'component'(wall,'window)'target'values'

should'we'specify'to'meet'this?'

•  Ravg'='1'/(1/Rwall'+'1/Rwindow)'

Thermal'bridging%'windows'

R&20# R&2#

R&3.6#

='

+'
50%'of'Area' 50%'of'Area'

100%'of'Area'
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Thermal'bridging%'windows'

R&20# R&4#

R&6.6#

='

+'
50%'of'Area' 50%'of'Area'

100%'of'Area'

Add#R%2#to#windows,#get#almost#half#the#heat#loss/gain#from#building#

Thermal'bridging%'windows'

R&40# R&2#

R&5.8#

='

+'
50%'of'Area' 50%'of'Area'

100%'of'Area'

Adding#R%20#to#wall#reduces#less#heat#loss/gain#than#improving#windows#

Thermal'bridging%'Windows'

R&20# R&2#

R&5.3#

='

+'
69%'of'Area' 31%'of'Area'

100%'of'Area'

Thermal'bridging%'Windows'

R&20# R&4#

R&8.9#

='

+'
69%'of'Area' 31%'of'Area'

100%'of'Area'
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Thermal'

bridging%'

Slabs'

R&20#

R&1#

R&11.8#='

+'

8'W'clear'

8”'slab'edge'

8’8”'full%height'

Thermal'bridging%'Steel'stud'wall'

R&20# R&1#

R&6.9#

='

+'
14.5”'clear'

1.5”'

stud'

16”'stud'bay'

Thermal'bridging%'Slabs+studs'

R&6.9# R&1#

R&4.7#

='

+'
8'W'clear'

8”'slab'

edge'

8’8”'full%height'
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Thermal'Con?nuity'

•  Some'short'circui?ng'is'normally'tolerated.'

•  High%performance'walls'tolerate'few'

•  Major'offenders'/'weak'spots'

– Penetra?ng'slabs'(<R1)'
– Steel'studs'(<R1)'
– Windows'(R2%R3)'

•  Area'and'low'R'maTer'to'overall'significance'

www.BuildingScience.com'

Best%case'R%values'for'stud'walls'

www.BuildingScience.com'

Building'Science.com'

Are#studs#usually#16”#o.c.?#

Building'Science.com'

Are#the#studs#within#a#heavier#structure?#
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Building'Science'2008' '57'

Can#we#air&cool#our#buildings?#

www.BuildingScience.com'

Air?ghten'

•  Must'increase'air?ghtness'

–  Improve'air'quality:'where'is'it'coming'from'

– Demand'controlled'ven?la?on'

– Typical'buildings'leak'energy,'humidity'

•  Codes'and'standard'are'beginning'to'demand'

it'

•  Can'only'really'know'?ghtness'by'tes?ng'
– Must'begin'to'test'large'buildings'

Building'Science.com'

Insulation + Airflow: Superinsulate/Airseal 
Combined#Air#and#ConducWon#Flow#(70F#
indoors#0F#outdoors)#

2'lps/m2'@'75'Pa#
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Air'Barrier'Systems'

•  Need'an'excellent'air'barrier'in'all'buildings'
– Comfort'&'health'

– Moisture'/'condensa?on'

– Energy'
– Sound,'fire,'etc.'

•  Can’t'make'it'too'?ght.'

•  Mul?ple'air'barriers'improve'redundancy'

www.BuildingScience.com' 62/175' 2013%09%12'

Air'Barriers'and'Energy'

•  Requirements'

– ConWnuous#(most#important)#

– Strong#
– SWff,#
– Durable,#
– Air#Impermeable#(least#important)#

•  Easily'1/3'of'total'heat'loss'is'due'to'air'
leakage'in'well%insulated'building'

Building'Science.com'

Commercial#Buildings:#Oden#exterior#air#barrier#is#only#pracWcal#soluWon## Exterior,'fully%adhered'air'barriers'are'much'easier'to'reach'high'performance'
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Building'Science.com'

'
65'

Roof'air'barrier'

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

Solar'Gain'

•  Measured'by'SHGC'

•  Solar'gain'useful'during'cold'sunny'weather'
•  But'least'hea?ng'is'needed'during'day?me'for'

commercial'buildings'

•  Overhea?ng'discomfort'is'a'real'risk'

•  Must'size'glass'Area'x'SHGC'carefully'

– High'values'='air'condi?oning'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'

Building'Science.com' 68 

Fully'operable'shades'

High'R'wall,'40%'glazing'(triple)'
Chriesbach#Building:#
Switzerland#
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Grander'View,'Waterloo'region'

•  Mostly'simple,'standard'technology'

•  Modest'cost'premium''

•  Designed'for'65'kWh/m2/yr'

4000'HDD18'

1250'CDD10'

Now#on#track#for#65#
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John'Straube' 73'

NRG'Building,'Vermont'

Andy#Shapiro#&#Consultant#

Energy#use#&#65#kWh/m2/yr#
Purchased#energy#even#less#(25#kWh/m2/yr)#
$117/sf#+#$10sf#for#Renewable#energy#equipment##

California'Large'Office:'All'Energy'

Building'Science.com'

#1#
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