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Outline&

•  Why&low"energy&/&net"zero&buildings&
•  How&do&we&use&energy&
•  Conserva9on&&&Efficiency&
•  Building&Enclosures&
•  Mechanical&Systems&(brief)&

Building&Science.com&

What&is&Green/Sustainable?&

•  Defini9ons&
– “Green”&
– Sustainable&
– Net&Zero&Energy&
– Net&Zero&Carbon&

Building&Science.com&

Sustainable&buildings&
•  “Can&keep&doing&what&we&are&doing&indefinitely”&

•  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.  

–  Even&the&greenest&buildings&today&are&not&sustainable&&

•  Low"Energy,&Net"Zero,&Zero"Carbon&are&all&just&
on&the&path&in&the&right&direc9on&

11"10"24& 4/175&
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&

So,&Is&it&Green?&
•  Depends&on&answers&to:&

–  Does&it&use&less&non&renewable&energy&to&operate?&
– Will&it&last&longer?&(less&life"cycle&resources)&
–  Does&it&use&fewer&non"renewable&resources&to&build?&
–  Does&it&pollute&less?&

•  Compared&to&what?:&
–  Zero&(sustainable)&
–  Be_er&than&average&(move&forward,&“green”)&

•  What&is&average?&

•  LEED&counts&points,&not&resources/pollu9on&

www.BuildingScience.com&
&

Buildings,Energy,&Environment&&&&&No.&
5/84&

Green&Buildings&require&Change&

•  Must&make&them&the&new&normal&
•  Need&to&use&different&thinking&and&process&
•  Different&materials&and&systems&secondary&

www.BuildingScience.com&
&

Buildings,Energy,&Environment&&&&&No.&
6/84&

"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 
 

Damage&Components&&

•  Resource&Extrac9on&
–  Cufng&trees,&mining,&drilling&oil,&etc.&

•  Processing&
–  Refining,&mel9ng,&etc.&Pollutants&and&energy&

•  Transporta9on &&
– Mass&and&Mode&(ship/truck)&and&Mileage&

•  Construc9on&
–  Energy,&worker&transport&

•  Opera9onal&Energy&

www.BuildingScience.com&
&

Buildings,Energy,&Environment&&&&&No.&
7/84&

The Majority 
of Impact 

Office&Example&
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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&ma_er&more&

Building&Science&2008&& Building&Science&

Source:&Canadian$Architect$

Embodied&Environmental&Damage&

•  Pollu9on&(air,&water,&etc)&
•  Dangerous&waste&(end&of&life),&&
•  Habitat&destruc9on,&
•  Resource&deple9on&

•  Not&well&researched&(Athena&Ins9tute)&&

Building&Science&2008&&

What&is&this&energy&thing?&

How&to&confuse&people&with&facts&
and&numbers&

Building&Science.com&
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&

Opera9onal&Energy&Consump9on&

•  Energy&consump9on&during&opera9on&is&the&
big&problem&

•  When&you&have&reduced&this&by&80%,&start&to&
worry&about&embodied&energy&/&pollu9on&

•  LEED&is&not&a&reliable&means&of&energy&
reduc9on&

•  Need$to$use$real$numbers$to$measure$

Building&Science.com&

Old&&&New&Houses&Energy&Use&
Total Btu Consumption per Household, 2001
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www.BuildingScience.com&
&

Buildings,Energy,&Environment&&&&&No.&
14/84&

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

2005&

Commercial&Buildings&Energy&Use&

www.BuildingScience.com&

Technology may be the problem, not the solution 

250 kWh/m2 

MURBs&

CEUS&2006&=&72.5&

CEUS&=&California&Energy&Use&Survey&
Energy&vs&Urban&Planning&

www.BuildingScience.com&
&

Buildings,Energy,&Environment&&&&&No.&
16/84&

Source: New Scientist 2007 
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&

Measuring&Energy&Use&

•  Energy&use&per&area&
– kBtu/sf/yr&
– kWhe/m2/yr&
– 100&kWhe/m2/yr&=&33&kBtu/sf/yr&

•  Energy&use&per&person&
– Person=?&=&bedrooms+1&
– But..&Design&vs&actual&occupancy?&
– Large&houses&

Building&Science.com&

See$BSD2152$Energy$Metrics$

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&H20&by&1°F&
– One&kWh&=&100&Wa_&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&

Beware&Efficiency&

•  Not&a&very&precise&or&useful&term&
•  Efficiency&=&&“desired&effect&/&effort&in”&

•  Hea9ng&energy&out&/&energy&in&(gas,&electric,&sun)&
•  Cooling&energy&out&/&energy&in&(electric,&open&window)&

– But..&A&small&house&needs&less&hea9ng&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/m2/yr&(37&kBtu/sf/yr)&
•  Net&Zero&

–  Zero&(Site,&Facility,&or&Source)&
•  Avoid&non:quan<ta<ve$goals&

–  $&saved,&30%?&75%&ASHRAE,&Title&24&etc&
•  Remember:&Occupancy&and&Climate&ma_ers&

–  Cold&climates,&24/7&facili9es&use&more&

Building&Science.com&
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&

Building&Science&2008&&

Electricity&is&Dirty&

•  Site&vs&Source&(or&Primary)&

Building&Science.com&

BSD2151$Site$&$Source$Energy$

3.365&Na9onal&average&

Electric$uses$2x$

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"&to&8%&transmission&loss&

eGRID&2006&NERC&Regional&
Interconnects&
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&

Electrical&GHG&Emissions&

•  April&2007,&EPA&eGRID&files&

Na>onal$ $1.36$lb$CO2/kWh$(0.91$to$1.83)$
WECC$ $1.11$lb$CO2$/$kWh$

Fossil&Fuel&GHG&Emissions&

•  Assuming&combus9on&@&100%&efficiency&
•  Nat&gas&&

– 117&pds&CO2&/&MMBtu&=&0.40&lb&/kWh&
– 92%&eff.&=&0.435&lb/kWh&
– Around&3&9mes&less&GHG&emission&vs&electric&

•  Propane&
– 139&pds&CO2/MMBtu&=&0.475&/kWh&

•  Hea9ng&oil&No.&2&&
– 161&pds&CO2/MMBtu&=&0.54&&/kWh&

Source:&DOE&EIA&Emissions&Coefficients&

Different$Targets$and$Different$Things$Targeted$

CH&
F&

D& Building&Energy&Use&

www.BuildingScience.com&

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 
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&

US&Building&Electrical&
Use&

www.BuildingScience.com&

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 

California&commercial&(CEUS"06)&

Building&Science.com&
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Energy&Intensity&
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 

Building&Science.com&

California&Large&Office&Electric&

Building&Science.com&
Source:&CEUS&2006&
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&

California&Large&Office:&All&Energy&

Building&Science.com&

#1$

Building&Science&

Note:$this$is$US$average$
North2east$has$more$hea>ng$
South2west$more$cooling$

Building&Science&2008&&

Note:$this$is$US$average$
North2east$has$more$hea>ng$
South2west$more$cooling$

California&Net&Zero&Buildings&

•  Goals&
– All&new&residen9al&construc9on&NZE&by&2020&
– All&new&commercial&construc9on&NZE&by&2030&

•  Defini9ons&
– NZE&site?&
– NZE&source?&(3:1&elec&to&gas)&
– NZE&on&building&only?&Parking&lot?&
– How&to&control&renters&energy&use?&

Building&Science.com&
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&

NREL&Report&

Building&Science.com&

NetZero&
•  NZE&is&not&likely&a&desirable&goal&for&all&bldgs&
•  Someone&needs&to&pay&for&the&Grid&
•  Who&produces&in&winter?&
•  High&density&fights&against&Net&Zero&

–  Car&however&uses&a&lot&of&energy&

Building&Science.com&

Building&Science.com&

Net&Zero &&

•  Many&buildings&can&be&built&as&NZE&
– NREL&es9mates&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&
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Low&Energy&Buildings&

•  Holis9c&Approach&
– Reduce&loads&
–  Improve&efficiency&of&mee9ng&demand&
– Never&sacrifice&safety,&health,&durability&

•  Use&numerical&targets&and&track&performance&
•  Net&Zero&may&not&always&be&the&goal&

Building&Science.com&

Modeling&Cri9cal&

Building&Science.com&

How?&

To&reduce&opera9onal&energy&use&

Building&Science.com&
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LEED buildings from New Buildings Institute Study

John Straube


John Straube
LEED buildings from New Buildings Institute Study

John Straube
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Strategies&

•  Si9ng&&&Orienta9on&(small&impact)&
– Orient&with&sun,&wind,&rain,&earth&shelter?&

•  Shape&and&Form&(small&to&moderate&impact)&
–  Small,&Compact,&simple&

•  Excep9onal&building&enclosure&(mod&to&large&impact)&
–  Insulated,&air9ght,&solar&control,&daylight&

•  Efficient&Equipment&(mod&impact)&
– Not&there&or&off&is&best,&controls&help&

•  Renewable&Energy&Genera9on&(impact&varies)&

11"10"24& 49/175&

Size&&
Ma_ers&

•  Enclosure&&
surface&

&area&to&floo&

The higher the ratio, the more 
enclosure design & climate impact 
performance 

51/175&
11"10"24&

Form&&&&
Massing&

•  Keep&it&simple&
•  Cheaper,&easier,&faster&
•  Fewer&&

–  thermal&bridges,&air&leaks&
–  Material&use&
–  construc9on&challenges&

VS.$

Building&Science&2008&&

Shape$and$Orienta>on:$Hea>ng$
Energy$for$cool$climate,$small$
building$

25%&of&hea9ng&load&
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&

Grouping&
housing&

Dayligh9ng&

Adding&enjoyment&while&saving&
electricity&

Building&Science&2008&&

Dayligh9ng&

•  Natural&light&can&offset&ar9ficial&lights&
•  Natural&light&almost&always&preferred&&
•  BUT,&

– Must$use&daylight&controls&and&sensors&to&capture&
energy&savings&

– Need&to&control&glare&and&solar&hea9ng&caused&by&
too&much&glass&on&sunny&days&

Building&Science&2008&& 64 
64&

60%$WWR$=$Glare$problems$
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&

Ligh9ng&Goals&

•  300&lux&on&desktop&(500&for&special&apps)&
– Oyen&this&means&a&Daylight&Factor&of&2%&

•  Ligh9ng&power&density&has&dropped&
tremendously&(3X)&in&last&30&yrs&

•  Now&possible&to&do&0.8&W/y2&(10&W/m2)&
– Future&LED&offer&even&lower&ligh9ng&
– Smarter&task&and&general&ligh9ng&

•  Energy$Benefit$of$dayligh>ng$is$decreasing$

Building&Science&2008&&

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

From:&C&Reinhart,&2005&

Reinhart&C&F,&“A&SIMULATION"BASED&REVIEW&OF&THE&UBIQUITOUS&WINDOW"HEAD"&HEIGHT&TO&
DAYLIT&ZONE&DEPTH&RULE"OF"THUMB”.&Ninth$Interna<onal$IBPSA$Conference,$2005&

Daylight&Design&

•  Next&to&head&height&and&window&area,&
window&transmi_ance&(Tvis&or&VT)&

From:&C&Reinhart,&2005&

Daylight&Design&

•  Head&height,&not&ceiling&height.&Low&glass&is&
essen9ally&useless&for&dayligh9ng.&

From:&C&Reinhart,&2005&
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&

Architecture:$Ver>cal$and$horizontal$shading$
Too$much$glass,$so$dark$>nt$

Building&Science.com&

Looks$clear$
no$ligh>ng$controls$

Diffuse$Toplight,$reflec>ve$interior$surfaces$can$be$very$effec>ve$

Even$with$limited$WWR,$daylight$is$sufficient$
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&

&

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

Avoid$blocking$the$most$valuable$high$windows!$

Enclosure&Intro&Summary&

•  Enclosure&oyen&defines&the&Heat/Cool&load&
– Architecture&defines&massing,&orienta9on,&
enclosure&

•  Enclosure&more$cri>cal$for&skin"dominated&
– Heat&flow,&Solar&control,&air&9ghtness&

•  Ligh9ng,&ven9la9on&cri9cal&for&deep&plan&
•  Control&windows&to&get&quality&daylight,&
combine&with&controls&to&save&energy&

www.Building&Science.com&
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