
&'()*+,-./%0'11,-2345%4+6%
7859):+3;%<,=36,+945%>83563+.=%

?-%@'A+%B;-48C,D%EF*+.F%
G=='234;,%E-'H,=='-%

:+3I,-=3;/%'H%J4;,-5''%
>83563+.%B23,+2,%0'-K'-49'+%

(((F>83563+.B23,+2,F2'1%

L8;53+,%

•  JA/%5'(),+,-./%"%+,;)M,-'%C83563+.=%
•  N'(%6'%(,%8=,%,+,-./%
•  0'+=,-I49'+%O%*P23,+2/%

•  >83563+.%*+25'=8-,=%
•  7,2A4+3245%B/=;,1=%

>83563+.%B23,+2,F2'1%

JA4;%3=%Q-,,+"B8=;43+4C5,R%

•  ?,S+39'+=%
– TQ-,,+U%
– B8=;43+4C5,%
– V,;%W,-'%*+,-./%
– V,;%W,-'%04-C'+%

>83563+.%B23,+2,F2'1%

B8=;43+4C5,%C83563+.=%

•  T04+%X,,K%6'3+.%(A4;%(,%4-,%6'3+.%3+6,S+3;,5/U%
•  A sustainable 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.  

–  *I,+%;A,%.-,,+,=;%C83563+.=%;'64/%4-,%+';%=8=;43+4C5,%%

•  &'()*+,-./D%V,;)W,-'D%W,-')04-C'+%4-,%455%Y8=;%
'+%;A,%K4;A%3+%;A,%-3.A;%63-,29'+%

!!"#$"!$% Z"175%
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B'D%[=%3;%Q-,,+R%
•  ?,K,+6=%'+%4+=(,-=%;'\%

–  ?',=%3;%8=,%5,==%+'+%-,+,(4C5,%,+,-./%;'%'K,-4;,R%
– J355%3;%54=;%5'+.,-R%]5,==%53H,)2/25,%-,='8-2,=^%

–  ?',=%3;%8=,%H,(,-%+'+)-,+,(4C5,%-,='8-2,=%;'%C8356R%
–  ?',=%3;%K'558;,%5,==R%

•  0'1K4-,6%;'%(A4;R\%
–  W,-'%]=8=;43+4C5,^%
–  >,_,-%;A4+%4I,-4.,%]1'I,%H'-(4-6D%T.-,,+U^%

•  JA4;%3=%4I,-4.,R%

•  &**?%2'8+;=%K'3+;=D%+';%-,='8-2,="K'5589'+%

(((F>83563+.B23,+2,F2'1% >83563+.=D*+,-./D%*+I3-'+1,+;%%%%%V'F%
`"aZ%

Q-,,+%>83563+.=%-,b83-,%0A4+.,%

•  78=;%14X,%;A,1%;A,%+,(%+'-145%
•  V,,6%;'%8=,%63c,-,+;%;A3+X3+.%4+6%K-'2,==%
•  ?3c,-,+;%14;,-345=%4+6%=/=;,1=%=,2'+64-/%

(((F>83563+.B23,+2,F2'1% >83563+.=D*+,-./D%*+I3-'+1,+;%%%%%V'F%
d"aZ%

"To achieve results never before accomplished, we must employ methods
 never before attempted."  
- Sir Francis Bacon 

"Great spirits have always been met with violent opposition from
 mediocre minds."  
- Albert Einstein 

?414.,%0'1K'+,+;=%%

•  <,='8-2,%*e;-429'+%
–  08f+.%;-,,=D%13+3+.D%6-3553+.%'35D%,;2F%

•  E-'2,==3+.%
–  <,S+3+.D%1,59+.D%,;2F%E'558;4+;=%4+6%,+,-./%

•  g-4+=K'-;49'+ %%
– 74==%4+6%7'6,%]=A3K";-82X^%4+6%735,4.,%

•  0'+=;-829'+%
–  *+,-./D%('-X,-%;-4+=K'-;%

•  LK,-49'+45%*+,-./%

(((F>83563+.B23,+2,F2'1% >83563+.=D*+,-./D%*+I3-'+1,+;%%%%%V'F%
h"aZ%

The Majority
 of Impact 

LP2,%*e41K5,%
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*1C'63,6%*+,-./%

•  !"#$#%#&'($)*#+$,-$./%#0$1&-2#**0$3%+$
.3%)432,)&#$3$.3,#&/35$6$/%*,355$/%$7)/5+/%'$
– :+3;=%8=8455/%>;8"5C%'-%7@"X.%

•  L+).'3+.%-,K43-%4+6%143+;,+4+2,%-,b83-,6%H'-%
53H,%'H%C83563+.%

•  E8C53=A,6%I458,=%I4-/%(36,5/%
– B'1,%-,=,4-2A%-,=85;=%4I4354C5,%%

•  G=%(,%.,;%;'%V,;%W,-'D%14;,-345=%14_,-%1'-,%

>83563+.%B23,+2,%#$$a%% >83563+.%B23,+2,%#$$a%%

B'8-2,\%83%3+/3%$9&2"/,#2,$

*1C'63,6%*+I3-'+1,+;45%?414.,%

•  E'5589'+%]43-D%(4;,-D%,;2^%
•  64+.,-'8=%(4=;,%],+6%'H%53H,^D%%
•  A4C3;4;%6,=;-829'+D%
•  -,='8-2,%6,K5,9'+%

•  V';%(,55%-,=,4-2A,6%]G;A,+4%[+=9;8;,^%%

>83563+.%B23,+2,%#$$a%%

L56%O%V,(%N'8=,=%*+,-./%:=,%
Total Btu Consumption per Household, 2001
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(((F>83563+.B23,+2,F2'1% >83563+.=D*+,-./D%*+I3-'+1,+;%%%%%V'F%
!#"aZ%

Source: US Census Bureau, Annual Housing Survey: http:/
/www.census.gov/hhes/www/housing/ahs/ahs.html 

#$$`%
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0'11,-2345%>83563+.=%*+,-./%:=,%

(((F>83563+.B23,+2,F2'1%

Technology may be the problem, not the solution 

250 kWh/m2 

7:<>=%

0*:B%#$$d%j%h#F`%

*+,-./%I=%:-C4+%E54++3+.%

(((F>83563+.B23,+2,F2'1% >83563+.=D*+,-./D%*+I3-'+1,+;%%%%%V'F%
!Z"aZ%

Source: New Scientist 2007 

JA4;%3=%;A3=%,+,-./%;A3+.R%

N'(%;'%2'+H8=,%K,'K5,%(3;A%H42;=%4+6%
+81C,-=%

>83563+.%B23,+2,F2'1%

7,4=8-3+.%*+,-./%:=,%

•  *+,-./%8=,%K,-%4-,4%
– X>;8"=H"/-%
– XJA,"1#"/-%
– !$$%XJA,"1#"/-%j%ii%X>;8"=H"/-%

•  *+,-./%8=,%K,-%K,-='+%
– E,-='+%j%C,6-''1=k!%

– >8;FF%?,=3.+%I=%42;845%'228K4+2/R%
– &4-.,%A'8=,=%

>83563+.%B23,+2,F2'1%
!""#$!%&'()#*+",-.#/"0,123#
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*+,-./%0A,4;%BA,,;%

•  GC353;/%;'%6'%('-X%
– 7,4=8-,6%3+%>;8%][E^%'-%@%]B[^%'-%XJA%]B[^%

•  77>;8%j%!%13553'+%>;8%j%#li%XJA%

– L+,%>;8%j%A,4;%'+,%K'8+6%N#$%C/%!mn%
– L+,%XJA%j%!$$%J4_%53.A;C85C%H'-%;,+%A'8-=%

•  *+,-./%6,53I,-,6%4;%.4=%8=8455/%3+%;A,-1="2H%
•  gA,-1%j%!$$%$$$%>;8%j%#lFi%XJA%o%!$$%28C32%H,,;%

•  *+,-./%6,53I,-,6%4=%,5,2;-323;/%8=8455/%3+%XJA%
•  L+,%XJA%j%iZ$$%>;8%

*P23,+2/%

•  V';%4%I,-/%K-,23=,%'-%8=,H85%;,-1%
•  *P23,+2/%j%%6,=3-,6%,c,2;%"%,c'-;%3+%%

•  N,49+.%,+,-./%'8;%"%,+,-./%3+%].4=D%,5,2;-32D%=8+^%
•  0''53+.%,+,-./%'8;%"%,+,-./%3+%],5,2;-32D%'K,+%(3+6'(^%

– G%=1455%A'8=,%+,,6=%5,==%A,49+.%,+,-./%C8;%4%
54-.,%A'8=,%13.A;%8=,%4%T1'-,%,P23,+;U%H8-+42,%

•  *P23,+2/%j%%!%A4KK/%K,-='+%"%*+,-./%8=,6R%

•  04K3;45%,P23,+2/R%<,='8-2,%,P23,+2/R%

&'(%*+,-./%g4-.,;=%

•  *6%74M-34%G-2A3;,2;8-,%#$i$%
– J,C=3;,%(((F4-2A3;,2;8-,#$i$F'-.%

•  E4==3IN48=%
–  E-314-/%!#$%XJA"1#"/-%]ih%X>;8"=H"/-^%

•  V,;%W,-'%
–  W,-'%]B3;,D%n42353;/D%'-%B'8-2,^%

•  GI'36%%-%:;)3%<,3<=#$.'45=%
–  p%=4I,6D%i$qR%h`q%GBN<G*D%g3;5,%#Z%,;2%

•  <,1,1C,-\%L228K4+2/%4+6%05314;,%14_,-=%
–  0'56%25314;,=D%#Z"h%H423539,=%8=,%1'-,%

>83563+.%B23,+2,F2'1% >83563+.%B23,+2,%#$$a%%
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%

*5,2;-323;/%3=%?3-;/%

•  B3;,%I=%B'8-2,%]'-%E-314-/^%

>83563+.%B23,+2,F2'1%

$!%&'('#!10"#4#!56,2"#*+",-.#

iFid`%V49'+45%4I,-4.,%

*7"20,12#63"3#)8#

B'8-2,);')B3;,%0'+I,-=3'+%

•  @4+84-/%#$$lD%V<*&%S.8-,=%H'-%>83563+.%G1,-324%

•  LH%2'8-=,D%I4-3,=%(3;A%='8-2,%'H%,5,2;-323;/%=8KK5/%
– 7'=;%2'45%K54+;=%4-,%i`q%,P23,+;D%+,(%VQ%K54+;=%d$qk%
–  `q%;-4+=13==3'+%5'==%

,Q<[?%#$$d%V*<0%<,.3'+45%
[+;,-2'++,2;=% *5,2;-3245%QNQ%*13==3'+=%

•  GK-35%#$$hD%*EG%,Q<[?%S5,=%

9:;5+:7# #'<=>#7?#@A)BCDE#FG<H'#05#'<I=J#
D*@@@# #'<''#7?#@A)#B#CDE#
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%

%

n'==35%n8,5%QNQ%*13==3'+=%

•  G==813+.%2'1C8=9'+%r%!$$q%,P23,+2/%
•  V4;%.4=%%

– !!h%K6=%0L#%"%77>;8%j%$FZ$%"XJA%
– l#q%,cF%j%$FZi`%5C"XJA%
– G-'8+6%i%91,=%5,==%QNQ%,13==3'+%I=%,5,2;-32%

•  E-'K4+,%
– !il%K6=%0L#"77>;8%j%$FZh`%"XJA%

•  N,49+.%'35%V'F%#%%
– !d!%K6=%0L#"77>;8%j%$F`Z%%"XJA%

B'8-2,\%?L*%*[G%*13==3'+=%0',P23,+;=%

%1K","+0#L:,-"03#:+M#%1K","+0#LE1+-3#L:,-"0"M#

0N%
n%

?%

>83563+.%*+,-./%:=,%

(((F>83563+.B23,+2,F2'1%

Fuel Oil, 179

 3%

Electricity, 3101,

 59%

Nat Gas, 2025, 

38%

LPG, 380, 4%

Kerosene, 50, 1%

Fuel Oil, 710, 7%

Electricity, 3890

39%Natural Gas, 4840

49%

Commercial 

Source: US EIA 

Source: US EIA 

Mostly NG (heating, hotwater) and  
electricity (cooling, lighting, etc) 

Residential 

:B%>83563+.%>5#2,&/235%
:=,%

(((F>83563+.B23,+2,F2'1%

Source: US EIA 

Residential 

Commercial Space Heating, 5.0%

Water Heating, 1.2%

Cooking, 2.1%Other, 9.3%

Ventilation, 7.3%

Refrigeration, 8.6%

Office Equipment, 17.9%

Lighting, 23.1%

Cooling, 25.6%

Commercial 

Residential 
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%

%

0453H'-+34%2'11,-2345%]0*:B)$d^%

>83563+.%B23,+2,F2'1%

!"#$%&'($")!&**+',$"#)-(./01+)23'4+5)

6) ) -7+,38$4+)23**"'5)

!"#$%&'()*&&+,%-,.%/&01&'2%-34&56"3%&.2&78%&97"7%/.:%&9%-,.;%&<-%"&

& & <22="$&'2%-34&>27%26.7.%6& !07"$&<22="$&56"3%&

?=.$:.23&!4@%&

A$00-&
970;B&
CB17DE&

'$%;7-.;.74&
CBF8G17DE&

H"7=-"$&
I"6&

C78%-J6G17DE&

H"7=-"$&
I"6&

CB?7=G17DE&
'$%;7-.;.74&
CIF8E&

H"7=-"$&
I"6&

CK78%-J6E&

9##)!&**+',$"#) :;<=>;??:) ?@AB@) >A=B) =CA<<) BD>DD) ?=D6AB>)

2*"##)E%%$,+)FG@>H)%8=I) @B?;C6:) ?@A?>) >A??) ?>AC:) :D@6) @6A?>)

J"'K+)E%%$,+)FLM@>H)%8=I) BB>;:=<) ?DAD>) >A==) =?A<@) ??B<?) ?::A6>)

N+18"3'"(8) ?:6;6<=) :>A=>) =A?>) =><A<6) C<6B) @?=AB>)

N+8"$#) D>=;>C@) ?:A>B) >A>C) :AB=) <6D?) @=AC>)

O&&.)28&'+) ?::;=><) :>A<<) >A=6) =DAB>) C<??) @<A6>)

N+%'$K+'"8+.)P"'+Q&31+) <C;C:>) =>A>=) >A>B) CAB>) ?<?@) CA@>)

0('+%'$K+'"8+.)P"'+Q&31+) CC:;?BB) :A:C) >A>@) @A>D) =:BD) ?DA>>)

2,Q&&#) ::C;?>B) DA:B) >A?B) ?CA<D) @@==) D?A?>)

!&##+K+) =>C;<:=) ?=A=B) >A@:) @:A=:) =C=:) D>AC>)

R+"#8Q) =@=;B>B) ?<AB?) >ADB) DCAC@) :CB?) ?DCAD>)

J&.K$(K) =D>;>::) ?=A?@) >A:=) :=A:>) @=DC) ??:AC>)

S$1,+##"(+&31) ?;><<;C::) <A6:) >A=@) =@A@:) ?>6?D) =CBAB>)

9##)E%%$,+1) ?;>==;>?=) ?BA>6) >A?6) ?DA<>) ?B:@>) ?6=A<>)

9##)P"'+Q&31+1) B:<;D>B) BAD:) >A>@) @A::) :@6>) ==A:>)

)
)
A.3=-%&'()*&&L0JJ%-;."$&'$%;7-.;.74&56%&#4&?=.$:.23&!4@%&

2*"##)E%%$,+;)DA?T

J"'K+)E%%$,+;)?DA:T

N+18"3'"(8;)6A<T

N+8"$#;)?:ADT

N+%'$K+'"8+.)
P"'+Q&31+;)=A<T

0('+%'$K+'"8+.)
P"'+Q&31+;)@ADT

2,Q&&#;)CA>T

!&##+K+;)@A6T

R+"#8Q;)BA6T

J&.K$(K;):A<T
S$1,+##"(+&31;)?BA?T

O&&.)28&'+;)6A6T

)
)

*+,-./%[+;,+=3;/%

kWhe/sf/yr Total Gas Elec 

All Commercial 21.25 7.62 13.63 

Small office 16.32 3.22 13.10 

Large office 24.15 6.45 17.70 

Restaurant 101.73 61.53 40.20 

Retail 15.53 1.47 14.06 

Food Store 49.19 8.20 40.99 

Refrig Warehouse 21.78 1.76 20.02 

Warehouse 5.33 0.88 4.45 

School 12.15 4.69 7.46 

College 22.22 9.96 12.26 

Health 41.88 22.27 19.61 

Lodging 24.44 12.31 12.13 

Misc 16.58 6.74 9.84 

All Offices 21.35 5.27 16.08 

All Warehouse 7.62 0.88 6.74 

>83563+.%B23,+2,F2'1%

0453H'-+34%&4-.,%LP2,%*5,2;-32%

>83563+.%B23,+2,F2'1%
B'8-2,\%0*:B%#$$d%

0453H'-+34%&4-.,%LP2,\%G55%*+,-./%

>83563+.%B23,+2,F2'1%

N'#
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%

%

>83563+.%B23,+2,%

950"O#0E13#13#P!#:Q",:-"#
95,0E&":30#E:3#R5,"#E":;+-#
!560E&S"30#R5,"#25571+-#

>83563+.%B23,+2,%#$$a%%

950"O#0E13#13#P!#:Q",:-"#
95,0E&":30#E:3#R5,"#E":;+-#
!560E&S"30#R5,"#25571+-#

0453H'-+34%V,;%W,-'%>83563+.=%

•  Q'45=%
– G55%+,(%-,=36,+945%2'+=;-829'+%VW*%C/%#$#$%
– G55%+,(%2'11,-2345%2'+=;-829'+%VW*%C/%#$i$%

•  ?,S+39'+=%
– VW*%=3;,R%
– VW*%='8-2,R%]i\!%,5,2%;'%.4=^%
– VW*%'+%C83563+.%'+5/R%E4-X3+.%5';R%
– N'(%;'%2'+;-'5%-,+;,-=%,+,-./%8=,R%

>83563+.%B23,+2,F2'1%

V<*&%<,K'-;%

>83563+.%B23,+2,F2'1%
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%

V,;W,-'%
•  VW*%3=%+';%53X,5/%4%6,=3-4C5,%.'45%
•  B'1,'+,%+,,6=%;'%K4/%H'-%Q-36%
•  JA'%K-'682,=%3+%(3+;,-R%
•  N3.A%6,+=3;/%S.A;=%4.43+=;%V,;%W,-'%

–  04-%A'(,I,-%8=,=%4%5';%'H%,+,-./%

>83563+.%B23,+2,F2'1% >83563+.%B23,+2,F2'1%

V,;%W,-' %%

•  74+/%C83563+.=%24+%C,%C835;%4=%VW*%
– V<*&%,=914;,=%4C'8;%`$q%'H%2'11,-2345%s''-%
4-,4%24+%C,%C835;%;'%VW*%

•  &4-.,%'P2,=D%A,45;A%24-,D%1'=;%-,=;48-4+;=D%
24+t;%.,;%;A,-,%

•  B'1,'+,%+,,6=%;'%8=,%,+,-./%;'%K4/%H'-%.-36%

•  gA,-,H'-,D%;-8,%5'(),+,-./%C83563+.=%4-,%S+,%
;''%

>83563+.%B23,+2,F2'1%

&'(%*+,-./%>83563+.=%

•  N'53=92%GKK-'42A%
– <,682,%5'46=%
–  [1K-'I,%,P23,+2/%'H%1,,9+.%6,14+6%
– V,I,-%=42-3S2,%=4H,;/D%A,45;AD%68-4C353;/%

•  :=,%+81,-3245%;4-.,;=%4+6%;-42X%K,-H'-14+2,%

•  V,;%W,-'%14/%+';%45(4/=%C,%;A,%.'45%

>83563+.%B23,+2,F2'1%
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%

B;-4;,.3,=%

•  B39+.%O%L-3,+;49'+%]=1455%31K42;^%
– L-3,+;%(3;A%=8+D%(3+6D%-43+D%,4-;A%=A,5;,-R%

•  BA4K,%4+6%n'-1%]=1455%;'%1'6,-4;,%31K42;^%
–  B1455D%0'1K42;D%=31K5,%

•  *e2,K9'+45%C83563+.%,+25'=8-,%]1'6%;'%54-.,%31K42;^%
–  [+=854;,6D%43-9.A;D%='54-%2'+;-'5D%64/53.A;%

•  *P23,+;%*b83K1,+;%]1'6%31K42;^%
– V';%;A,-,%'-%'c%3=%C,=;D%2'+;-'5=%A,5K%

•  <,+,(4C5,%*+,-./%Q,+,-49'+%]31K42;%I4-3,=^%

!!"#$"!$% Z`"175%

B3M,\%B8-H42,%G-,4%;'%n5''-%G-,4%

•  B3M,%14_,-=%

nG\%!$$%e%#`$%j%%#`$$$%
BG\%%%%%%%%%%%%%%%%%%%j%%iiZ$$%

BG\%%%%%%%%%%%%%%%%%%j%%%%h#%$$$%
nG\%!#$%e!#$%j%%!ZZ$$$%

!$%)%!#t%=;'-,/=%

!%)%!#t%=;'-,/%]1455^%

<49'%$F`\%!%<49'%!F`\!%

<49'%#\!%

nG\%i$e%`$%j%%!`$$%
BG\%%%%%%%%%%%%%%j%%i!$$%

!%)%!$t%=;'-,/%]A'8=,^%
The higher the ratio, the more 
enclosure design & climate impact 
performance 

Zh"175%!!"#$"!$%

B1455D%0'1K42;%n'-1%
•  n,(,-%-,='8-2,=%
•  &,==%A,4;%5'==%4+6%.43+%

Za"175%
!!"#$"!$%

n'-1%O%%
74==3+.%

•  w,,K%3;%=31K5,%
•  0A,4K,-D%,4=3,-D%H4=;,-%
•  n,(,-%%

–  ;A,-145%C-36.,=D%43-%5,4X=%
–  74;,-345%I'581,=%
–  2'+=;-829'+%2A455,+.,=%

]!<#
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%

%

`h"175% !!"#$"!$%

Q-'8K3+.%C83563+.=%

•  Q-'8K3+.%8+3;=%-,682,=%A,4;%5'==".43+%;A-'8.A%
=A4-,6%(455=%

•  <,682,=%-,='8-2,%8=,%K,-%8+3;%

Q-'8K3+.%
A'8=3+.%

?4/53.A9+.%

G663+.%,+Y'/1,+;%(A35,%=4I3+.%
,5,2;-323;/%

>83563+.%B23,+2,%#$$a%%

?4/53.A9+.%

•  V4;8-45%53.A;%24+%'c=,;%4-9S2345%53.A;=%
•  V4;8-45%53.A;%451'=;%45(4/=%K-,H,--,6%%

•  >:gD%
– /630#8=,%64/53.A;%2'+;-'5=%4+6%=,+='-=%;'%24K;8-,%
,+,-./%=4I3+.=%

– V,,6%;'%2'+;-'5%.54-,%4+6%='54-%A,49+.%248=,6%C/%
;''%182A%.54==%'+%=8++/%64/=%

>83563+.%B23,+2,%#$$a%%
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%

%

?4/53.A9+.%

•  ?3-,2;%='54-%K,+,;-49'+%3=%VLg%6,=3-4C5,%
– 0-,4;,=%.54-,%4+6%63=2'1H'-;F%

– 7G}%C,%8=,H85%H'-%H-,,%='54-%A,49+.%3H%6,=3-,6%
– N3.A%'+%='8;A%3+%(3+;,-D%J"*%3+%=811,-%

•  ?,=3.+%H'-%+/@)*#$53.A;%
– G51'=;%;A,%=41,%'+%455%H'8-%'-3,+;49'+=%

– >-3.A;%=X/%3=%4C'8;%!$%$$$%58e%'+%A'-3M'+;45%

(((F>83563+.B23,+2,F2'1%

&3.A9+.%Q'45=%

•  i$$%58e%'+%6,=X;'K%]`$$%H'-%=K,2345%4KK=^%
– Ly,+%;A3=%1,4+=%4%?4/53.A;%n42;'-%'H%#q%

•  &3.A9+.%K'(,-%6,+=3;/%A4=%6-'KK,6%
;-,1,+6'8=5/%]i~^%3+%54=;%i$%/-=%

•  V'(%K'==3C5,%;'%6'%$Fa%J"y#%]!$%J"1#^%

– n8;8-,%&*?%'c,-%,I,+%5'(,-%53.A9+.%
– B14-;,-%;4=X%4+6%.,+,-45%53.A9+.%

•  *+",-.#$"+"f0#5W#M:.71-E;+-#13#M"2,":31+-#

>83563+.%B23,+2,%#$$a%%

?4/53.A;%G8;'+'1/%

•  q%'H%4++845%8=,%A'8-=%(A,+%64/53.A;%3=%=8P23,+;%(3;A'8;%.54-,%

A&-.\%0%<,3+A4-;D%#$$`%

<,3+A4-;%0%nD%TG%B[7:&Gg[LV)>GB*?%<*v[*J%Ln%gN*%:>[�:[gL:B%J[V?LJ)N*G?)%N*[QNg%gL%
?G}&[g%WLV*%?*EgN%<:&*)Ln)gN:7>UF%B/%,"$C%,#&%3<-%35$CDEF9$8-%4#&#%2#0$GHHI%

?4/53.A;%?,=3.+%

•  V,e;%;'%A,46%A,3.A;%4+6%(3+6'(%4-,4D%
(3+6'(%;-4+=13_4+2,%]gI3=%'-%vg^%

A&-.\%0%<,3+A4-;D%#$$`%
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%

?4/53.A;%?,=3.+%

•  N,46%A,3.A;D%+';%2,353+.%A,3.A;F%&'(%.54==%3=%
,==,+9455/%8=,5,==%H'-%64/53.A9+.F%

A&-.\%0%<,3+A4-;D%#$$`%

[,2E10"206,"O#]",;2:7#:+M#E5,1g5+0:7#3E:M1+-#
L55#R62E#-7:33_#35#M:,C#;+0#

>83563+.%B23,+2,F2'1%

T55C3#27":,#
+5#71-E;+-#25+0,573#

%1K63"#L5V71-E0_#,"h"2;Q"#1+0",15,#36,W:2"3#2:+#?"#Q",.#"K"2;Q"#
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%

*Q"+#S10E#71R10"M#DDX_#M:.71-E0#13#36Y21"+0#
T:,-"#F>GciJ#DDX#?60#3E:M"3#+""M#05#?"#M,:S+_#:+M#-7:,"#

[Q51M#?752C1+-#0E"#R530#Q:76:?7"#E1-E#S1+M5S3j#

*+25'=8-,%[+;-'%B8114-/%

•  *+25'=8-,%'y,+%6,S+,=%;A,%N,4;"0''5%5'46%
– G-2A3;,2;8-,%6,S+,=%14==3+.D%'-3,+;49'+D%
,+25'=8-,%

•  *+25'=8-,%R5,"#2,1;2:7#H'-%=X3+)6'13+4;,6%
– N,4;%s'(D%B'54-%2'+;-'5D%43-%9.A;+,==%

•  &3.A9+.D%I,+9549'+%2-39245%H'-%6,,K%K54+%
•  0'+;-'5%(3+6'(=%;'%.,;%b8453;/%64/53.A;D%
2'1C3+,%(3;A%2'+;-'5=%;'%=4I,%,+,-./%

(((F>83563+.%B23,+2,F2'1%
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%

&'()%*+,-.,/012+%3124.56,+5%

7,%8.)1%9:,06;+<%*=31(=%
>55.2'0:+%*,.-+55.,%

?1'@+,5':A%.-%B0:+,4..%
C6'4D'1(%92'+12+%E.,F.,0G.1%

HHH=C6'4D'1(92'+12+=2./%

3124.56,+5%'1%E.1:+I:%

•  3124.56,+5%!"#$%"&5F02+%)+0G1("2..4'1(%
– 01D%)+4F%H':)%4'()G1(<%@+1G40G.1%

•  B+%5G44%1++D%"'"!()&-.,%.:)+,%:)'1(5%
– J'():5<%0FF4'012+5<%2./F6:+,5<%+4+@0:.,5<%+:2%

•  9G44%1++D%:.%F,.@'D+%5./+%*+,-K%
•  &+12+<%(..D%/+2)01'2045%01D%,+1+H0;4+5%H'44%
!"#$%;+%1++D+D%-.,%1+:%L+,.%

•  M,+0:%+124.56,+5%,+D62+%D+/01D%N%),5%.-%
.F+,0G.1%

HHH=C6'4D'1(92'+12+=2./%

O.F%O+1%J'5:%
E.//+,2'04%01D%'15G:6G.104%/'DP5'L+%;6'4D'1(5<%E010D'01%24'/0:+5%

•  ./0/1&2/'#3241342566&!573&QBBRS%:.%:)+%,01(+%.-%#$PT$U<%V$U%H':)%64:,0P
F+,-.,/012+%H'1D.H5%

•  8'%!"59"&2/'#32&:"!;3!05'%"&Q4.H+5:%?P@046+%0W.,D0;4+%'1%2.4D%24'/0:+5<%
'1246D'1(%-,0/+%+W+2:5S%%

•  X12,+05+%H044",..-%/'9$6573'&Q+5F=%;A%2.1:,.44'1(%:)+,/04%;,'D('1(S%01D%
5/!7(<1"'&

•  9+F0,0:+%="'76573'&0',%56FF4A%-,./%)+0G1(%01D%2..4'1(=%%

•  ?5+%3%%$:5'%)&01D%#5)6/(<7'(&%3'1!369&-.,%4'():5%01D%+Y6'F/+1:%

•  >"#$%"&+Y6'F/+1:"F46(%N%4'()G1(%:32"!&#"'9/7"9&&

•  7.1Z:%.@+,%@+1G40:+<%65+%<"51&!"%3="!)&N%#"05'#&%3'1!366"#&="'76573'&

•  X/F,.@+%;.'4+,%01D%%</66"!&"?%/"'%)&N%,+2.@+,%H05:+%)+0:%Q+(%XO%,../5KS%%

•  ?5+%=5!/5@6"&9:""#&%3'1!369&-.,%044%40,(+%F6/F5%01D%-015%01D%'/F4+/+1:%
632&1"0:"!51$!"&<)#!3'/%&)+0G1(%01D%2..4'1(%H)+,+%0FF,.F,'0:+=%

•  ?5+%0%5'/F4+%01D%2./F02:%;6'4D'1(%-.,/<%.,'+1:+D%:.%:)+%561<%H':)%0%D+F:)%
:)0:%044.H5%D0A4'():%)0,@+5G1(=%

HHH=C6'4D'1(92'+12+=2./%

A"9/('&B!/'%/:6"9&

www.buildingscience.com 
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%

%

C6'4D'1(5[%B)A%D.%H+%C6'4D\%

•  O.%]++F%:)+%H'1D<%561<%,0'1<%51.H<%)+0:<%2.4D<%
D65:<%;6(5<%01'/045<%01D%105:A%F+.F4+%.6:5'D+=%

•  C6:%H+%4+:%'1%5./+%:)'1(5%
– ^'2+%F+.F4+<%F+:5<%5615)'1+<%D0A4'():<%24+01%0',<%
24+01%H0:+,<%56FF4'+5%

•  >1D%4+:%5./+%:)'1(5%.6:%
– _'+H5<%F.446:+D%H0:+,%01D%0',%

HHH=C6'4D'1(92'+12+=2./% C6'4D'1(%92'+12+%#$$`%

B)0:%'5%.6:5'D+%4']+%H)+,+%0,+%A.6%;6'4D'1(\%

%%%%3124.56,+5%%%%^.=%a%"%%

E.4D%

C"1&
C"1&

D30"70"9&97'E)&<$0/#&

-6/051"&F3'"&
>5/';566&

O)+%3124.56,+[%>1%31@',.1/+1:04%
9+F0,0:.,%

C6'4D'1(%92'+12+%#$$`%
%%%%3124.56,+5%%%%^.=%b%"%%

E4'/0:+%J.0D%c.D'd20G.1%

•  C6'4D'1(%N%9':+%Q.@+,)01(5<%:,++5eS%
– E,+0:+5%/'2,.24'/0:+%

•  C6'4D'1(%3124.56,+%QH0445<%H'1D.H5<%,..-eS%
– 9+F0,0:+5%24'/0:+5%

– *055'@+%/.D'd20G.1%

•  C6'4D'1(%31@',.1/+1:04%9A5:+/5%Q&_>EeS%
– ?5+%+1+,(A%:.%2)01(+%24'/0:+%

– >2G@+%/.D'd20G.1%
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3124.56,+%X1:,.%96//0,A%

•  3124.56,+%.g+1%D+d1+5%:)+%&"E%4.0D%
– >,2)':+2:6,+%D+d1+5%/055'1(<%.,'+1:0G.1<%
+124.56,+%

•  3124.56,+%03!"&%!/7%56&-.,%5]'1PD./'10:+D%
– &+0:%h.H<%9.40,%2.1:,.4<%0',%G():1+55%

•  J'()G1(<%@+1G40G.1%2,'G204%-.,%D++F%F401%

C6'4D'1(%92'+12+%

C05'2%i612G.15%.-%:)+%3124.56,+%

•  !=%96FF.,:%
–  R+5'5:%01D%:,015-+,%F)A5'204%-.,2+5%-,./%'15'D+%01D%.6:%

•  #=%E.1:,.4%
–  E.1:,.4%/055%01D%+1+,(A%h.H5%

•  f=%i'1'5)%%
–  X1:+,'.,%01D%+I:+,'.,%%
56,-02+5%-.,%F+.F4+%

•  7'5:,';6G.1%j%0%;6'4D'1(%-612G.1%

C6'4D'1(%92'+12+%

Functional Layers 

C05'2%3124.56,+%i612G.15%

•  D$::3!1&
–  >"9/91&G&1!5'9;"!&:<)9/%56&;3!%"9&;!30&/'9/#"&5'#&3$1&

•  J0:+,04%QH'1D<%+0,:)Y60]+S%
•  M,0@':A%Q51.H<%D+0D<%65+S%
•  R)+.4.('204%Q5),'1]<%5H+44S%
•  X/F02:<%H+0,<%0;,05'.1%

•  E.1:,.4%
–  E.1:,.4%/055%01D%+1+,(A%h.H5%

•  i'1'5)%%
–  X1:+,'.,%01D%+I:+,'.,%56,-02+5%-.,%F+.F4+%

C6'4D'1(%92'+12+%

Functional Layers 

%%%%3124.56,+5%%%%^.=%!!%"%%

C05'2%3124.56,+%i612G.15%
•  96FF.,:%

–  R+5'5:%N%:,015-+,%F)A5'204%-.,2+5%-,./%'15'D+%01D%.6:%
•  -3'1!36&

–  -3'1!36&0599&5'#&"'"!()&H329&
•  >5/'&Q01D%5.'4%/.'5:6,+S&

–  7,0'10(+%F401+<%20F'440,A%;,+0]<%+:2=%
•  ,/!&

–  E.1G16.65%0',%;0,,'+,%
•  *"51&

–  E.1G16.65%40A+,%.-%'15640G.1%
•  +5:3!%

–  C04012+%.-%H+k1("D,A'1(%

•  i'1'5)%%
–  X1:+,'.,%01D%+I:+,'.,%56,-02+5%-.,%F+.F4+%

C6'4D'1(%92'+12+=2./%

Functional Layers 

%%%%3124.56,+5%%%%^.=%!#%"%%
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l:)+,%E.1:,.4%=%%=%%=%

•  96FF.,:%
•  -3'1!36&

–  I/!"&
•  B"'"1!573'&
•  B!3:5(573'&

–  D3$'#&
•  B"'"1!573'&
•  >"H"%73'&

–  ./(<1&
•  A/J$9"K(65!"&
•  +/"2&

•  i'1'5)%

C6'4D'1(%92'+12+=2./%

Functional Layers 

%%%%3124.56,+5%%%%^.=%!f%"%%

C05'2%3124.56,+%i612G.15%

•  96FF.,:%
–  R+5'5:%N%:,015-+,%F)A5'204%-.,2+5%-,./%'15'D+%01D%.6:%

•  E.1:,.4%
–  E.1:,.4%/055%01D%+1+,(A%h.H5%

•  I/'/9<&&
–  8'1"!/3!&G&"L1"!/3!&9$!;5%"9&;3!&:"3:6"&

•  E.4.,<%5F+264012+%
•  *0m+,1<%:+I:6,+%

C6'4D'1(%92'+12+=2./%

Functional Layers 

*/913!)&3;&&
-3'1!36&I$'%73'9&

•  l4D+,%C6'4D'1(5%
– l1+%40A+,%D.+5%%
+@+,A:)'1(%

•  ^+H+,%C6'4D'1(%
– 9+F0,0:+%40A+,5<%%
%%%=%=%=%5+F0,0:+%-612G.15%

C6'4D'1(%92'+12+=2./%
^.=%!V%%

E)01(+5%

C6'4D'1(%92'+12+=2./%
!a%%
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%

%

O)+%n*+,-+2:%B044o%
•  i'1'5)%.-%H)0:+@+,%
•  E.1:,.4%2.1G16':A%

–  R0'1%2.1:,.4%40A+,%
•  *+,-+2:%;0,,'+,%
•  7,0'1+D%H':)%(0F%
•  9:.,0(+%

–  >',%2.1:,.4%40A+,%
•  >',%;0,,'+,%

–  O)+,/04%2.1:,.4%40A+,%
•  >]0%'15640G.1<%,0D'01:%;0,,'+,5%

–  _0F.,%2.1:,.4%40A+,%
•  R+:0,D+,5<%;0,,'+,5<%+:2%

•  9:,62:6,+%201%;+%01A:)'1(%

!b%C6'4D'1(%92'+12+=2./%

i',+%E.1:,.4%/0A%;+%1++D+D%
9.61D%E.1:,.4%.FG.104%

B)0:%'5%0%)'()%F+,-.,/012+%
+124.56,+\%

•  l1+%H)'2)%F,.@'D+5%)'()%4+@+45%.-%2.1:,.4%
•  *..,%2.1G16':A%4'/':5%F+,-.,/012+%

•  *..,%2.1G16':A%2065+5%/.5:%F,.;4+/5%:..[%
– 3=(=%0',%4+0]0(+%2.1D+150G.1%
– R0'1%4+0]0(+%
– 96,-02+%2.1D+150G.1%
– E.4D%H'1D.H5%

•  O)'5%2.6,5+[%2.1G16':A%p%)'()%4+@+45%

HHH=C6'4D'1(92'+12+=2./%

!q%C6'4D'1(%92'+12+=2./% #$%C6'4D'1(%92'+12+=2./%
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#!%C6'4D'1(%92'+12+=2./%
##%C6'4D'1(%92'+12+=2./%

#f%C6'4D'1(%92'+12+=2./% #T%C6'4D'1(%92'+12+=2./%
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%

#V%C6'4D'1(%92'+12+=2./% #a%C6'4D'1(%92'+12+=2./%

#b%C6'4D'1(%92'+12+=2./%

B'1D.H%

#`%C6'4D'1(%92'+12+=2./%
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%

%

C6'4D'1(%92'+12+=2./% #q%

E.11+2G.15[%B).%'5%'1%2)0,(+%

C6'4D'1(%92'+12+=2./%
%%%%3124.56,+5%%%%^.=%f$%"%

E./F4+I':A%'12,+05+5%D+:0'4'1(%+W.,:%"%,'5]%.-%-0'46,+%"%2.5:%
%%%%%%%%%%%%%%%%%%%%%,+D62+5%F+,-.,/012+%

r %%
r % 

Enclosure Design: Details 

•  Details demand the same 
approach as the enclosure. 

•  Scaled drawings required at 

C6'4D'1(%92'+12+=2./%

*+,-+2:%B044%+IF01D+D%

C6'4D'1(%92'+12+=2./% f#%

i',+%E.1:,.4%/0A%;+%1++D+D%
9.61D%E.1:,.4%.FG.104%
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%

*+,-+2:%B044%

•  Ec?"2.12,+:+%
%;02]6F%

C6'4D'1(%92'+12+=2./% ff%

,')&>4=56$"M&"N(N&
OP&B8-Q>RS&
SPTBD&Q>RS&
UPVI8Q>RS&

*+,-+2:%B044%

•  9:++4%9:6D%%
C02]6F%

C6'4D'1(%92'+12+=2./% fV% HHH=C6'4D'1(92'+12+=2./%

,')&>4=56$"M&"N(N&
OP&B8-Q>RS&
SPTBD&Q>RS&
UPVI8Q>RS&
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E.1D+150G.1%N%7,A'1(%

HHH=C6'4D'1(92'+12+=2./%
E./F,./'5+%

HHH=C6'4D'1(92'+12+=2./%

3I:+,'.,%RP@046+%
9:6D;0A%RP@046+%

R0G.[%
D1""6&91$#9&
%30:!30/9"&
1<"&1<"!056&
:"!;3!05'%"&
C33#&91$#9M&
'31&93&0$%<&

>1A%RP@046+<%+=(=%
ao%H..D%5:6Dp%
#o%*XEs%Rf$%
fot*9s%Rf#%
To9*is%RT$%

2.1:,.45%,'5]%.-%2.1D+150G.1%

E./F,./'5+s%R'5]5%

HHH=C6'4D'1(92'+12+=2./%

9F+2'd25%

•  ^.H%H+%H'44%4..]%0:%
– R0'1%E.1:,.4%
– >',%i4.H%E.1:,.4%
– O)+,/04%E.1:,.4%

•  X1%5./+%D+:0'4%

HHH=C6'4D'1(92'+12+=2./%

31+,(A%
N%
E./-.,:%

76,0;'4':A<%&+04:)%
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4+0]0(+%'1%H+44P'15640:+D%;6'4D'1(%

PG&E Enclosures for Low-Energy Buildings

Straube © buildingscience.com 36 of 49



%

>',h.H%E.1:,.4%%%%%^.=%aq"bq%
C6'4D'1(%92'+12+% C6'4D'1(%92'+12+=2./%

-300"!%/56&[$/6#/'(9`&W_"'&"L1"!/3!&5/!&@5!!/"!&/9&3'6)&:!5%7%56&936$73'&&

B36)&%30@/'"9&5/!&)*(
&=5:3$!&%3'1!36&
P V$91&@"&9"56"#&5'#
&9$::3!1"#&13&@"&5/!&@5!!/"!&
P -3="!&0391&5!"5&5'#&)3$
&<5="&=5:3!&%3'1!36&

>',h.H%E.1:,.4%%%%%b!%
C6'4D'1(%92'+12+=2./%

R'('D%3I:+,'.,%>',%C0,,'+,%

C6'4D'1(%92'+12+=2./% b#%

PG&E Enclosures for Low-Energy Buildings

Straube © buildingscience.com 37 of 49



C6'4D'1(%92'+12+=2./%
bT%

R..-%0',%;0,,'+,%

7+2]%4+@+4%@0F.,%2.1:,.4%/+/;,01+%,0,+4A%,+Y6',+D%'-%24.5+D%2+44%-.0/%65+D%

C6'4D'1(%92'+12+=2./%
bV% C6'4D'1(%92'+12+%#$$b%

%8.5+F)%J5G;6,+]%j%>',h.H%%%ba%

D15%E&"J"%1&

PG&E Enclosures for Low-Energy Buildings

Straube © buildingscience.com 38 of 49



%

C6'4D'1(%92'+12+=2./%
bb%

C6'4D'1(%92'+12+=2./%
b`%

C6'4D'1(%92'+12+=2./%
bq%

-30:5!10"'156/d573'&/9&1<"&0391&"J"%7="&936$73'&

C6'4D'1(%92'+12=2./%
%8.5+F)%J5G;6,+]%j%>',h.H%%%`$%

PG&E Enclosures for Low-Energy Buildings

Straube © buildingscience.com 39 of 49



%

C6'4D'1(%92'+12+=2./% C6'4D'1(%92'+12+%

8'#/=/#$56&5/!&9$::6)K"L<5$91&:"!&1"'5'1&

C6'4D'1(%92'+12+%

a<"!056&-3'1!36&

www.buildingscience.com 

PG&E Enclosures for Low-Energy Buildings

Straube © buildingscience.com 40 of 49



%

O)+,/04%E.1:,.4%

•  X15640G.1%%
– 94.H5%)+0:%h.H%'1%01D%.6:%

•  B'1D.H5%
– 94.H%)+0:%h.H%'1%01D%.6:%
– E.1:,.4%5.40,%(0'1%[%044.H%.,%,+u+2:\%

•  n2..4o%,..-5%
– R+D62+%5.40,%(0'1%

•  R0D'01:%;0,,'+,5%

HHH=C6'4D'1(92'+12+=2./%

O)+,/04%X15640G.1%

HHH=C6'4D'1(92'+12+=2./%

&.H%/62)%X15640G.1%

•  &+0:%i4.H%s%>,+0%v%QO'15'D+%j%O.6:5'D+S%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%RP@046+%

•  7.6;4+%RP@046+<%)04@+%)+0:%h.H=%>4H0A5=%
•  lFG/6/%D+F+1D5%.1%%

•  E.5:%.-%+1+,(A%.@+,%4'-+%.-%;6'4D'1(%
•  E.5:%.-%0DD'1(%/.,+%'15640G.1%

•  90@'1(5%'1%/+2)01'204%+Y6'F/+1:<%2.1:,.45%

HHH=C6'4D'1(92'+12+=2./%

O)+,/04%E.1G16':A%

•  9./+%5).,:%2',26'G1(%'5%1.,/044A%:.4+,0:+D=%

•  &'()PF+,-.,/012+%H0445%:.4+,0:+%-+H%

•  c0u.,%.W+1D+,5%"%H+0]%5F.:5%
– *+1+:,0G1(%540;5%QwR!S%
– 9:++4%5:6D5%QwR!S%
– B'1D.H5%QR#PRfS%

•  >,+0%01D%4.H%R%/0m+,%:.%.@+,044%5'(1'd2012+%

HHH=C6'4D'1(92'+12+=2./%

PG&E Enclosures for Low-Energy Buildings

Straube © buildingscience.com 41 of 49



%

C+5:P205+%RP@046+5%-.,%5:6D%H0445%

HHH=C6'4D'1(92'+12+=2./% C6'4D'1(%92'+12+=2./%

,!"&91$#9&$9$566)&eUP&3N%Nf&

C6'4D'1(%92'+12+=2./%

,!"&1<"&91$#9&2/1</'&5&<"5=/"!&91!$%1$!"f&
C6'4D'1(%92'+12+%#$$`% %q#%

-5'&2"&5/!4%336&3$!&@$/6#/'(9f&

PG&E Enclosures for Low-Energy Buildings

Straube © buildingscience.com 42 of 49



%

C6'4D'1(%92'+12+%#$$`%
X15640G.1%01D%O)+,/04%C,'D(+5%%%%^.=%qf"aV%

O)+,/04%C,'D(+%3I0/F4+5%
•  C042.1'+5<%+:2%
•  3IF.5+D%540;%+D(+5%%

HHH=C6'4D'1(92'+12+=2./%

PG&E Enclosures for Low-Energy Buildings

Straube © buildingscience.com 43 of 49



C6'4D'1(%92'+12+%#$$`%
X15640G.1%01D%O)+,/04%C,'D(+5%%%%^.=%q`"aV%
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dramatically reduce 
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Curtain Wall Plan View 
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High tech? Low tech? 
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