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Questions for Today



Practical Questions Case Studies Can Address –
Temperature and Pressure

• Does the temporal trend of exterior temperature (T) or indoor/outdoor T 
differential (ΔT) reliably predict volatile organic chemical (VOC) vapor 
intrusion (VI) in a given structure? 

• Does that relationship have the same form/shape in different 
climates/site/building types?

• Does the temporal trend of measured differential pressure 
(indoor/outdoor ΔP; subslab/indoor ΔP) reliably predict VOC VI in a given 
structure? 

• How much ΔP variability is typical?  
• How much baseline data do you need to understand ΔP drivers for a  

building? 
• Can the ΔP driver be predicted based on observed or forecasted 

barometric pressure (BP)?



Practical Questions Case Studies Can Address - Radon

• Does the temporal trend of radon (Rn) indoors reliably predict VOC VI in 
a given structure? 

• How much Rn variability is typical? 
• How much Rn baseline data do you need to understand a building 

sufficiently to use Rn to guide VOC sampling times?
• Does the spatial trend of Rn indoors reliably predict VOC VI in a single 

building? multifamily unit? Large building? Across a 
neighborhood/plume?  

• How much Rn spatial variability is typical?
• Can the attenuation factor of Rn in soil gas (exterior or sub-slab) be used 

to accurately estimate the indoor conc. of VOC when Rn & VOC were 
both simultaneously collected from the same near building soil gas?



Case Studies



Sites Providing 
Large/Long Term 
Data Sets across 
the IECC Climate 
Zones – 2012 IEC

IECC zones Reprinted form 
https://basc.pnnl.gov/images/iecc-climate-zone-
map

Sun Devil 
Manor UT -
5B

Indianapolis 
Duplex, 
SEND/Wheeler –
5A
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– 2A

MEW and Moffett Field CA – 3C

Redfield –
5B and 
Colorado 
DOT

North 
Island San 
Diego – 3C

VA Military 
Sites A and B 
– 3A

Wendell and 
Gaffney AK -8 CRREL 
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– 6A

6

SE WI - 6
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– 6A
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US Population of Buildings



Size Characteristics of US Commercial Buildings (2003)

Census Bureau/Energy Information Agency data, converted to percentages 
https://www2.census.gov/library/publications/2011/compendia/statab/131ed/tables/12s1006.pdf

Building Floorspace 
(square feet)

Number of 
Buildings 

(%)

Total
Floorspace

(%)
1,001 to 5,000 .............. 53 10
5,001 to 10,000 ............ 20 10
10,001 to 25,000 .......... 17 18
25,001 to 50,000 .......... 5 13
50,001 to 100,000 ........ 3 14
100,001 to 200,000 ...... 2 14
200,001 to 500,000 ...... 1 10
Over 500,000 ............... 0 11


Data for Table A1

		Released:  June 2006

		Next CBECS will be conducted in 2007

		Table A1. Summary Table for All Buildings (Including Malls), 2003												Table A1. Summary Table for All Buildings (Including Malls), 2003

				Number of Buildings (thousand)		Total
Floorspace
(million 
square feet)		Mean 
Square Feet
per Building (thousand)		Median
Square Feet
per Building (thousand)				Building Floorspace (square feet)		Number of Buildings (%)		Total
Floorspace
(%)

		All Buildings ................		4,859		71,658		14.7		5.0

		Building Floorspace												Building Floorspace

		(Square Feet)												(Square Feet)

		1,001 to 5,000 ...............		2,586		6,922		2.7		2.4				1,001 to 5,000 ...............		53		10

		5,001 to 10,000 ..............		948		7,033		7.4		7.2				5,001 to 10,000 ..............		20		10

		10,001 to 25,000 .............		810		12,659		15.6		15.0				10,001 to 25,000 .............		17		18

		25,001 to 50,000 .............		261		9,382		36.0		35.0				25,001 to 50,000 .............		5		13

		50,001 to 100,000 ............		147		10,291		70.2		67.0				50,001 to 100,000 ............		3		14

		100,001 to 200,000 ...........		74		10,217		138.6		130.0				100,001 to 200,000 ...........		2		14

		200,001 to 500,000 ...........		26		7,494		287.6		260.0				200,001 to 500,000 ...........		1		10

		Over 500,000 .................		8		7,660		937.6		700.0				Over 500,000 .................		0		11

		Principal Building Activity

		Education ....................		386		9,874		25.6		7.0

		Food Sales ...................		226		1,255		5.6		2.8

		Food Service .................		297		1,654		5.6		3.5

		Health Care ..................		129		3,163		24.6		6.0

		Inpatient ..................		8		1,905		241.4		106.0

		Outpatient .................		121		1,258		10.4		6.0

		Lodging ......................		142		5,096		35.8		12.5

		Mercantile ...................		657		11,192		17.0		6.9

		Retail (Other Than Mall) ...		443		4,317		9.7		4.8

		Enclosed and Strip Malls ...		213		6,875		32.2		12.3

		Office .......................		824		12,208		14.8		4.0

		Public Assembly ..............		277		3,939		14.2		6.7

		Public Order and Safety ......		71		1,090		15.5		5.0

		Religious Worship ............		370		3,754		10.1		6.0

		Service ......................		622		4,050		6.5		2.8

		Warehouse and Storage ........		597		10,078		16.9		5.2

		Other ........................		79		1,738		21.9		4.6

		Vacant .......................		182		2,567		14.1		3.7

		Year Constructed												Year Constructed

		Before 1920 ..................		333		3,784		11.4		4.9				Before 1920 ..................		7		5

		1920 to 1945 .................		536		6,985		13.0		4.0				1920 to 1945 .................		11		10

		1946 to 1959 .................		573		7,262		12.7		4.0				1946 to 1959 .................		12		10

		1960 to 1969 .................		600		8,641		14.4		5.0				1960 to 1969 .................		12		12

		1970 to 1979 .................		784		12,275		15.6		5.8				1970 to 1979 .................		16		17

		1980 to 1989 .................		768		12,468		16.2		4.2				1980 to 1989 .................		16		17

		1990 to 1999 .................		917		13,981		15.2		5.0				1990 to 1999 .................		19		20

		2000 to 2003 .................		347		6,262		18.1		5.6				2000 to 2003 .................		7		9

		Census Region and Division

		Northeast ....................		761		13,995		18.4		5.2

		New England ................		252		3,452		13.7		4.6

		Middle Atlantic ............		509		10,543		20.7		5.9

		Midwest ......................		1,305		18,103		13.9		4.3

		East North Central .........		728		12,424		17.1		5.0

		West North Central .........		577		5,680		9.8		4.0

		South ........................		1,873		26,739		14.3		5.0

		South Atlantic .............		926		13,999		15.1		5.0

		East South Central .........		360		3,719		10.3		3.6

		West South Central .........		587		9,022		15.4		5.0

		West .........................		920		12,820		13.9		4.8

		Mountain ...................		316		4,207		13.3		5.0

		Pacific ....................		603		8,613		14.3		4.5

		Climate Zone: 30-Year Average

		Under 2,000 CDD and --

		More than 7,000 HDD ........		882		11,529		13.1		4.8

		5,500-7,000 HDD ............		1,229		18,808		15.3		5.0

		4,000-5,499 HDD ............		701		12,503		17.8		4.8

		Fewer than 4,000 HDD .......		1,336		17,630		13.2		4.5

		2,000 CDD or More and --

		Fewer than 4,000 HDD .......		711		11,189		15.7		5.0

		Number of Establishments

		One ..........................		3,754		45,144		12.0		4.3

		2 to 5 .......................		762		12,565		16.5		6.2

		6 to 10 ......................		117		3,358		28.6		17.0

		11 to 20 .....................		47		3,369		71.8		44.0

		More than 20 .................		22		5,060		227.3		75.0

		Currently Unoccupied .........		157		2,161		13.8		2.8

		See "Guide to the Tables" or "Glossary" for further explanations of the terms used in this table. Both can be accessed from the CBECS web site   http://www.eia.doe.gov/emeu/cbecs.
Note: Due to rounding, data may not sum to totals. 
Source: Energy Informat
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RSEs for Table A1

		Released:  June 2006

		Next CBECS will be conducted in 2007

		RSEs for Table A1. Summary Table for All Buildings (Including Malls), 2003

				RSEs for Number of Buildings		RSEs for Total Floorspace		RSEs for Mean Square Feet per Building		RSEs Not Available for Medians

		All Buildings ................		3.8		3.1		4.0		_

		Building Floorspace

		(Square Feet)

		1,001 to 5,000 ...............		5.7		5.6		1.3		_

		5,001 to 10,000 ..............		5.6		5.5		0.8		_

		10,001 to 25,000 .............		4.9		4.9		0.9		_

		25,001 to 50,000 .............		5.5		5.8		1.2		_

		50,001 to 100,000 ............		6.1		6.0		1.0		_

		100,001 to 200,000 ...........		9.9		10.0		1.5		_

		200,001 to 500,000 ...........		9.8		10.2		1.8		_

		Over 500,000 .................		12.6		12.8		4.2		_

		Principal Building Activity

		Education ....................		7.1		6.0		5.4		_

		Food Sales ...................		9.3		9.4		7.5		_

		Food Service .................		7.4		9.0		6.5		_

		Health Care ..................		10.0		6.9		11.4		_

		Inpatient ..................		21.2		11.6		14.7		_

		Outpatient .................		11.0		9.7		8.4		_

		Lodging ......................		11.5		9.2		12.7		_

		Mercantile ...................		6.8		8.3		8.2		_

		Retail (Other Than Mall) ...		7.5		8.0		7.3		_

		Enclosed and Strip Malls ...		12.4		12.0		12.9		_

		Office .......................		5.5		6.5		7.5		_

		Public Assembly ..............		8.4		10.9		10.0		_

		Public Order and Safety ......		18.3		18.8		20.7		_

		Religious Worship ............		8.7		7.9		6.3		_

		Service ......................		8.6		9.7		8.6		_

		Warehouse and Storage ........		8.5		10.5		9.4		_

		Other ........................		15.1		21.7		21.3		_

		Vacant .......................		10.5		16.1		14.4		_

		Year Constructed

		Before 1920 ..................		9.6		12.3		11.3		_

		1920 to 1945 .................		7.5		10.9		10.5		_

		1946 to 1959 .................		8.0		7.5		7.2		_

		1960 to 1969 .................		7.0		8.5		7.3		_

		1970 to 1979 .................		6.9		6.6		7.1		_

		1980 to 1989 .................		5.9		6.3		7.0		_

		1990 to 1999 .................		7.3		6.5		5.9		_

		2000 to 2003 .................		10.1		8.8		8.9		_

		Census Region and Division

		Northeast ....................		10.1		9.7		8.3		_

		New England ................		23.7		23.4		11.5		_

		Middle Atlantic ............		11.1		10.8		10.2		_

		Midwest ......................		8.9		6.6		8.9		_

		East North Central .........		11.4		8.9		10.6		_

		West North Central .........		16.5		10.2		12.7		_

		South ........................		7.7		4.9		7.1		_

		South Atlantic .............		11.3		4.6		9.8		_

		East South Central .........		24.7		11.9		15.1		_

		West South Central .........		13.2		13.2		13.0		_

		West .........................		7.9		5.5		7.7		_

		Mountain ...................		14.0		9.8		14.8		_

		Pacific ....................		9.6		6.3		8.8		_

		Climate Zone: 30-Year Average

		Under 2,000 CDD and --

		More than 7,000 HDD ........		10.1		11.0		6.5		_

		5,500-7,000 HDD ............		11.9		8.6		8.4		_

		4,000-5,499 HDD ............		23.0		15.2		17.3		_

		Fewer than 4,000 HDD .......		14.3		10.9		6.0		_

		2,000 CDD or More and --

		Fewer than 4,000 HDD .......		10.3		10.9		9.6		_

		Number of Establishments

		One ..........................		4.4		3.7		4.5		_

		2 to 5 .......................		5.9		5.7		5.0		_

		6 to 10 ......................		12.2		10.4		8.9		_

		11 to 20 .....................		12.0		12.2		12.5		_

		More than 20 .................		16.3		14.2		20.0		_

		Currently Unoccupied .........		10.6		17.8		16.4		_
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Age Distribution of US Commercial Buildings as of 2003

Data from:  
https://www.eia.gov/consumption/commercial/data/archive/cbecs/cbecs2003/detailed_tables_2003/detailed_tables_2003.html; converted 
to percentages

Number of 
Buildings (%)

Total
Floorspace

(%)
Year Constructed
Before 1920 .................. 7 5
1920 to 1945 ................. 11 10
1946 to 1959 ................. 12 10
1960 to 1969 ................. 12 12
1970 to 1979 ................. 16 17
1980 to 1989 ................. 16 17
1990 to 1999 ................. 19 20
2000 to 2003 ................. 7 9

https://www.eia.gov/consumption/commercial/data/archive/cbecs/cbecs2003/detailed_tables_2003/detailed_tables_2003.html

Data for Table A1

		Released:  June 2006

		Next CBECS will be conducted in 2007

		Table A1. Summary Table for All Buildings (Including Malls), 2003												Table A1. Summary Table for All Buildings (Including Malls), 2003

				Number of Buildings (thousand)		Total
Floorspace
(million 
square feet)		Mean 
Square Feet
per Building (thousand)		Median
Square Feet
per Building (thousand)						Number of Buildings (%)		Total
Floorspace
(%)

		All Buildings ................		4,859		71,658		14.7		5.0

		Building Floorspace

		(Square Feet)

		1,001 to 5,000 ...............		2,586		6,922		2.7		2.4

		5,001 to 10,000 ..............		948		7,033		7.4		7.2

		10,001 to 25,000 .............		810		12,659		15.6		15.0

		25,001 to 50,000 .............		261		9,382		36.0		35.0

		50,001 to 100,000 ............		147		10,291		70.2		67.0

		100,001 to 200,000 ...........		74		10,217		138.6		130.0

		200,001 to 500,000 ...........		26		7,494		287.6		260.0

		Over 500,000 .................		8		7,660		937.6		700.0

		Principal Building Activity

		Education ....................		386		9,874		25.6		7.0

		Food Sales ...................		226		1,255		5.6		2.8

		Food Service .................		297		1,654		5.6		3.5

		Health Care ..................		129		3,163		24.6		6.0

		Inpatient ..................		8		1,905		241.4		106.0

		Outpatient .................		121		1,258		10.4		6.0

		Lodging ......................		142		5,096		35.8		12.5

		Mercantile ...................		657		11,192		17.0		6.9

		Retail (Other Than Mall) ...		443		4,317		9.7		4.8

		Enclosed and Strip Malls ...		213		6,875		32.2		12.3

		Office .......................		824		12,208		14.8		4.0

		Public Assembly ..............		277		3,939		14.2		6.7

		Public Order and Safety ......		71		1,090		15.5		5.0

		Religious Worship ............		370		3,754		10.1		6.0

		Service ......................		622		4,050		6.5		2.8

		Warehouse and Storage ........		597		10,078		16.9		5.2

		Other ........................		79		1,738		21.9		4.6

		Vacant .......................		182		2,567		14.1		3.7

		Year Constructed												Year Constructed

		Before 1920 ..................		333		3,784		11.4		4.9				Before 1920 ..................		7		5

		1920 to 1945 .................		536		6,985		13.0		4.0				1920 to 1945 .................		11		10

		1946 to 1959 .................		573		7,262		12.7		4.0				1946 to 1959 .................		12		10

		1960 to 1969 .................		600		8,641		14.4		5.0				1960 to 1969 .................		12		12

		1970 to 1979 .................		784		12,275		15.6		5.8				1970 to 1979 .................		16		17

		1980 to 1989 .................		768		12,468		16.2		4.2				1980 to 1989 .................		16		17

		1990 to 1999 .................		917		13,981		15.2		5.0				1990 to 1999 .................		19		20

		2000 to 2003 .................		347		6,262		18.1		5.6				2000 to 2003 .................		7		9

		Census Region and Division

		Northeast ....................		761		13,995		18.4		5.2

		New England ................		252		3,452		13.7		4.6

		Middle Atlantic ............		509		10,543		20.7		5.9

		Midwest ......................		1,305		18,103		13.9		4.3

		East North Central .........		728		12,424		17.1		5.0

		West North Central .........		577		5,680		9.8		4.0

		South ........................		1,873		26,739		14.3		5.0

		South Atlantic .............		926		13,999		15.1		5.0

		East South Central .........		360		3,719		10.3		3.6

		West South Central .........		587		9,022		15.4		5.0

		West .........................		920		12,820		13.9		4.8

		Mountain ...................		316		4,207		13.3		5.0

		Pacific ....................		603		8,613		14.3		4.5

		Climate Zone: 30-Year Average

		Under 2,000 CDD and --

		More than 7,000 HDD ........		882		11,529		13.1		4.8

		5,500-7,000 HDD ............		1,229		18,808		15.3		5.0

		4,000-5,499 HDD ............		701		12,503		17.8		4.8

		Fewer than 4,000 HDD .......		1,336		17,630		13.2		4.5

		2,000 CDD or More and --

		Fewer than 4,000 HDD .......		711		11,189		15.7		5.0

		Number of Establishments

		One ..........................		3,754		45,144		12.0		4.3

		2 to 5 .......................		762		12,565		16.5		6.2

		6 to 10 ......................		117		3,358		28.6		17.0

		11 to 20 .....................		47		3,369		71.8		44.0

		More than 20 .................		22		5,060		227.3		75.0

		Currently Unoccupied .........		157		2,161		13.8		2.8

		See "Guide to the Tables" or "Glossary" for further explanations of the terms used in this table. Both can be accessed from the CBECS web site   http://www.eia.doe.gov/emeu/cbecs.
Note: Due to rounding, data may not sum to totals. 
Source: Energy Informat
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RSEs for Table A1

		Released:  June 2006

		Next CBECS will be conducted in 2007

		RSEs for Table A1. Summary Table for All Buildings (Including Malls), 2003

				RSEs for Number of Buildings		RSEs for Total Floorspace		RSEs for Mean Square Feet per Building		RSEs Not Available for Medians

		All Buildings ................		3.8		3.1		4.0		_

		Building Floorspace

		(Square Feet)

		1,001 to 5,000 ...............		5.7		5.6		1.3		_

		5,001 to 10,000 ..............		5.6		5.5		0.8		_

		10,001 to 25,000 .............		4.9		4.9		0.9		_

		25,001 to 50,000 .............		5.5		5.8		1.2		_

		50,001 to 100,000 ............		6.1		6.0		1.0		_

		100,001 to 200,000 ...........		9.9		10.0		1.5		_

		200,001 to 500,000 ...........		9.8		10.2		1.8		_

		Over 500,000 .................		12.6		12.8		4.2		_

		Principal Building Activity

		Education ....................		7.1		6.0		5.4		_

		Food Sales ...................		9.3		9.4		7.5		_

		Food Service .................		7.4		9.0		6.5		_

		Health Care ..................		10.0		6.9		11.4		_

		Inpatient ..................		21.2		11.6		14.7		_

		Outpatient .................		11.0		9.7		8.4		_

		Lodging ......................		11.5		9.2		12.7		_

		Mercantile ...................		6.8		8.3		8.2		_

		Retail (Other Than Mall) ...		7.5		8.0		7.3		_

		Enclosed and Strip Malls ...		12.4		12.0		12.9		_

		Office .......................		5.5		6.5		7.5		_

		Public Assembly ..............		8.4		10.9		10.0		_

		Public Order and Safety ......		18.3		18.8		20.7		_

		Religious Worship ............		8.7		7.9		6.3		_

		Service ......................		8.6		9.7		8.6		_

		Warehouse and Storage ........		8.5		10.5		9.4		_

		Other ........................		15.1		21.7		21.3		_

		Vacant .......................		10.5		16.1		14.4		_

		Year Constructed

		Before 1920 ..................		9.6		12.3		11.3		_

		1920 to 1945 .................		7.5		10.9		10.5		_

		1946 to 1959 .................		8.0		7.5		7.2		_

		1960 to 1969 .................		7.0		8.5		7.3		_

		1970 to 1979 .................		6.9		6.6		7.1		_

		1980 to 1989 .................		5.9		6.3		7.0		_

		1990 to 1999 .................		7.3		6.5		5.9		_

		2000 to 2003 .................		10.1		8.8		8.9		_

		Census Region and Division

		Northeast ....................		10.1		9.7		8.3		_

		New England ................		23.7		23.4		11.5		_

		Middle Atlantic ............		11.1		10.8		10.2		_

		Midwest ......................		8.9		6.6		8.9		_

		East North Central .........		11.4		8.9		10.6		_

		West North Central .........		16.5		10.2		12.7		_

		South ........................		7.7		4.9		7.1		_

		South Atlantic .............		11.3		4.6		9.8		_

		East South Central .........		24.7		11.9		15.1		_

		West South Central .........		13.2		13.2		13.0		_

		West .........................		7.9		5.5		7.7		_

		Mountain ...................		14.0		9.8		14.8		_

		Pacific ....................		9.6		6.3		8.8		_

		Climate Zone: 30-Year Average

		Under 2,000 CDD and --

		More than 7,000 HDD ........		10.1		11.0		6.5		_

		5,500-7,000 HDD ............		11.9		8.6		8.4		_

		4,000-5,499 HDD ............		23.0		15.2		17.3		_

		Fewer than 4,000 HDD .......		14.3		10.9		6.0		_

		2,000 CDD or More and --

		Fewer than 4,000 HDD .......		10.3		10.9		9.6		_

		Number of Establishments

		One ..........................		4.4		3.7		4.5		_

		2 to 5 .......................		5.9		5.7		5.0		_

		6 to 10 ......................		12.2		10.4		8.9		_

		11 to 20 .....................		12.0		12.2		12.5		_

		More than 20 .................		16.3		14.2		20.0		_

		Currently Unoccupied .........		10.6		17.8		16.4		_
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How Common are Unheated Commercial Buildings? 

(Data from 2003 Energy Information Agency Survey) – Percentages calculated by Lutes 
https://www.eia.gov/consumption/commercial/data/archive/cbecs/cbecs2003/detailed_tables_2003/detailed_tables_2003.html

Not
Heated

1 to 50
Percent
Heated

51 to 99
Percent 
Heated

100
Percent
Heated

Not
Heated

1 to 50
Percent
Heated

51 to 99
Percent
Heated

100
Percent
Heated

All Buildings* ............................... 14 11 11 64 7 11 13 70
Census Region
Northeast ....................................... 7 10 12 71 2 11 12 75
Midw est ......................................... 12 9 11 67 4 7 10 79
South ............................................. 18 13 9 60 11 12 12 65
West .............................................. 16 11 12 61 11 13 17 59
Climate Zone: 30-Year Average
Under 2,000 CDD and --
  More than 7,000 HDD ................... 12 11 11 65 5 10 13 72
  5,500-7,000 HDD ......................... 10 9 10 71 4 6 10 80
  4,000-5,499 HDD ......................... 7 13 12 68 2 12 15 71
  Few er than 4,000 HDD ................ 18 11 12 59 11 12 15 62
2,000 CDD or More and --
  Few er than 4,000 HDD ................ 26 13 9 53 17 15 10 58

Number of Buildings (percentage) Total Floorspace (percentage)



How Common Is Air Conditioning in US Commercial Buildings? 

Not
Cooled

1 to 50
Percent
Cooled

51 to 99
Percent 
Cooled

100
Percent
Cooled

Not
Cooled

1 to 50
Percent
Cooled

51 to 99
Percent
Cooled

100
Percent
Cooled

All Buildings* ............................... 22 21 14 43 12 26 20 42

Census Region
Northeast ....................................... 29 25 13 33 15 33 24 28
Midw est ......................................... 24 23 16 37 15 28 22 35
South ............................................. 17 21 11 52 8 21 17 54
West .............................................. 24 16 16 44 12 23 22 43

Climate Zone: 30-Year Average
Under 2,000 CDD and --
  More than 7,000 HDD ................... 32 24 14 30 20 29 22 29
  5,500-7,000 HDD ......................... 25 21 16 39 16 27 21 36
  4,000-5,499 HDD ......................... 14 29 14 44 5 30 29 37
  Few er than 4,000 HDD ................ 21 17 13 49 11 22 18 49
2,000 CDD or More and --
  Few er than 4,000 HDD ................ 13 18 11 57 7 20 13 61

Number of Buildings (percentage) Total Floorspace (percentage)

(Data from 2003 Energy Information Agency Survey) – Percentages calculated by Lutes 
https://www.eia.gov/consumption/commercial/data/archive/cbecs/cbecs2003/detailed_tables_2003/detailed_tables_2003.html


Data for Table B35

		Released: June 2006

		Next CBECS will be conducted in 2007

		Table B35. Percent of Floorspace Cooled, Number of Buildings and Floorspace for Non-Mall Buildings, 2003

				Number of Buildings (thousand)										Total Floorspace (million square feet)										Number of Buildings (percentage)										Total Floorspace (percentage)

				All
Build-
ings*		Not
Cooled		1 to 50
Percent
Cooled		51 to 99
Percent Cooled		100
Percent
Cooled		All
Build-
ings*		Not
Cooled		1 to 50
Percent
Cooled		51 to 99
Percent
Cooled		100
Percent
Cooled		All
Build-
ings*		Not
Cooled		1 to 50
Percent
Cooled		51 to 99
Percent Cooled		100
Percent
Cooled		All
Build-
ings*		Not
Cooled		1 to 50
Percent
Cooled		51 to 99
Percent
Cooled		100
Percent
Cooled



		All Buildings* ...............		4,645		1,020		985		629		2,011		64,783		7,843		16,598		13,211		27,132				22		21		14		43				12		26		20		42



		Building Floorspace

		(Square Feet)

		1,001 to 5,000 ...............		2,552		710		407		279		1,155		6,789		1,782		1,206		781		3,021

		5,001 to 10,000 ..............		889		157		226		133		374		6,585		1,177		1,704		995		2,710

		10,001 to 25,000 .............		738		109		225		126		277		11,535		1,612		3,517		2,034		4,372

		25,001 to 50,000 .............		241		25		64		43		109		8,668		893		2,369		1,479		3,928

		50,001 to 100,000 ............		129		11		41		25		52		9,057		726		2,926		1,751		3,654

		100,001 to 200,000 ...........		65		5		14		14		32		9,064		725		1,984		1,954		4,402

		200,001 to 500,000 ...........		25		Q		6		7		10		7,176		Q		1,822		2,057		2,685

		Over 500,000 .................		7		Q		Q		2		3		5,908		Q		Q		2,159		2,360



		Principal Building Activity

		Education ....................		386		34		49		46		257		9,874		673		1,993		2,228		4,980

		Food Sales ...................		226		Q		38		69		104		1,255		Q		252		508		438

		Food Service .................		297		Q		38		56		189		1,654		Q		276		359		948

		Health Care ..................		129		Q		Q		26		95		3,163		Q		Q		893		2,148

		  Inpatient ..................		8		Q		Q		2		6		1,905		Q		Q		605		1,229

		  Outpatient .................		121		N		Q		25		89		1,258		N		Q		288		919

		Lodging ......................		142		Q		23		24		83		5,096		Q		Q		1,361		2,790

		Retail (Other Than Mall)......		443		37		115		86		205		4,317		238		1,048		1,091		1,940

		Office .......................		824		34		97		143		549		12,208		176		1,093		3,508		7,432

		Public Assembly ..............		277		64		39		45		128		3,939		462		649		1,140		1,688

		Public Order and Safety ......		71		Q		26		13		21		1,090		Q		184		221		638

		Religious Worship ............		370		62		54		55		199		3,754		453		626		696		1,979

		Service ......................		622		252		231		44		95		4,050		789		2,151		435		675

		Warehouse and Storage ........		597		330		213		Q		43		10,078		2,783		6,314		Q		652

		Other ........................		79		Q		31		4		22		1,738		Q		685		368		584

		Vacant .......................		182		130		23		Q		Q		2,567		1,731		523		Q		Q



		Year Constructed

		Before 1920 ..................		330		98		95		50		87		3,769		878		1,320		728		842

		1920 to 1945 .................		527		146		107		79		196		6,871		1,952		1,990		1,445		1,484

		1946 to 1959 .................		562		132		125		81		224		7,045		999		2,083		1,490		2,473

		1960 to 1969 .................		579		112		131		64		272		8,101		976		2,202		1,734		3,189

		1970 to 1979 .................		731		121		146		133		331		10,772		799		2,751		2,112		5,110

		1980 to 1989 .................		707		129		151		90		335		10,332		496		2,061		2,324		5,450

		1990 to 1999 .................		876		181		165		97		433		12,360		1,056		3,000		2,421		5,883

		2000 to 2003 .................		334		100		65		35		133		5,533		686		1,190		956		2,701



		Census Region

		Northeast ....................		726		208		184		97		237		12,905		1,952		4,270		3,101		3,582				29		25		13		33				15		33		24		28

		Midwest ......................		1,266		309		293		197		467		17,080		2,596		4,757		3,761		5,966				24		23		16		37				15		28		22		35

		South ........................		1,775		296		366		195		918		23,489		1,936		4,915		3,903		12,735				17		21		11		52				8		21		17		54

		West .........................		878		208		142		140		388		11,310		1,359		2,656		2,446		4,849				24		16		16		44				12		23		22		43



		Climate Zone: 30-Year Average

		Under 2,000 CDD and --

		  More than 7,000 HDD ........		855		277		207		118		253		10,622		2,072		3,133		2,327		3,089				32		24		14		30				20		29		22		29

		  5,500-7,000 HDD ............		1,173		290		245		184		453		17,335		2,810		4,657		3,568		6,300				25		21		16		39				16		27		21		36

		  4,000-5,499 HDD ............		673		91		195		92		295		11,504		558		3,422		3,297		4,227				14		29		14		44				5		30		29		37

		  Fewer than 4,000 HDD .......		1,276		273		215		162		626		15,739		1,762		3,480		2,803		7,693				21		17		13		49				11		22		18		49

		2,000 CDD or More and --

		  Fewer than 4,000 HDD .......		669		88		123		74		384		9,584		641		1,906		1,215		5,822				13		18		11		57				7		20		13		61



		Number of Floors

		One ..........................		3,136		795		607		361		1,372		25,981		4,562		7,975		3,508		9,936

		Two ..........................		1,031		167		249		161		453		16,270		1,726		4,806		3,068		6,670

		Three ........................		339		49		92		72		126		7,501		1,064		1,626		1,629		3,182

		Four to Nine .................		128		8		37		30		53		10,085		411		1,917		2,927		4,829

		Ten or More ..................		12		Q		Q		5		6		4,947		Q		Q		2,078		2,515



		Number of Workers (main shift)

		Fewer than 5 .................		2,653		907		555		259		932		15,492		5,901		3,819		1,438		4,334

		5 to 9 .......................		778		53		176		122		428		6,166		440		2,046		1,077		2,603

		10 to 19 .....................		563		40		130		103		289		7,803		499		2,999		1,347		2,958

		20 to 49 .....................		398		12		82		98		206		10,989		423		3,361		2,629		4,576

		50 to 99 .....................		147		8		31		22		86		7,934		506		2,034		1,585		3,810

		100 to 249 ...................		77		Q		9		16		50		6,871		Q		1,152		1,696		3,958

		250 or More ..................		30		Q		2		8		19		9,528		Q		1,188		3,439		4,893



		Weekly Operating Hours

		Fewer than 40 ................		1,002		407		143		82		371		6,863		2,865		1,207		658		2,132

		40 to 48 .....................		1,117		166		273		140		538		11,622		1,114		3,136		2,222		5,150

		49 to 60 .....................		1,062		179		283		149		450		15,723		1,966		4,598		2,973		6,186

		61 to 84 .....................		591		70		136		114		272		10,334		643		3,192		2,448		4,051

		85 to 167 ....................		400		62		79		73		186		7,092		383		2,328		1,354		3,027

		Open Continuously ............		475		137		71		71		195		13,149		872		2,137		3,555		6,585



		Vacancy Status

		Completely Vacant ............		157		117		Q		Q		Q		2,161		1,577		Q		Q		Q

		Mostly Vacant ................		25		Q		Q		Q		Q		406		Q		Q		Q		Q

		Partially Vacant .............		548		153		129		65		201		12,382		1,298		2,795		3,145		5,144

		Not At All Vacant ............		3,915		736		832		557		1,789		49,834		4,814		13,280		9,992		21,747



		Energy Sources (more than

		one may apply)

		Electricity ..................		4,404		780		983		629		2,011		63,307		6,381		16,583		13,211		27,132

		Natural Gas ..................		2,391		238		601		402		1,150		43,468		2,444		12,132		9,732		19,159

		Fuel Oil .....................		451		152		120		57		121		15,157		1,267		3,384		4,493		6,013

		District Heat ................		67		Q		9		9		37		5,443		Q		370		1,626		2,657

		District Chilled Water .......		33		N		Q		5		27		2,853		N		Q		829		1,985

		Propane ......................		502		103		149		67		184		7,076		1,363		2,620		1,119		1,974

		Other ........................		132		54		37		19		22		1,401		176		503		304		418



		Cooling Energy Sources

		(more than one may apply)

		Electricity ..................		3,589		N		978		625		1,986		54,321		N		16,465		12,327		25,529

		Natural Gas ..................		17		N		Q		2		11		1,018		N		Q		360		541

		District Chilled Water .......		33		N		Q		5		27		2,853		N		Q		829		1,985



		Energy End Uses (more than

		one may apply)

		Buildings with Space Heating .		3,982		513		934		599		1,936		60,028		4,839		15,852		12,888		26,448

		Buildings with Cooling .......		3,625		N		985		629		2,011		56,940		N		16,598		13,211		27,132

		Buildings with Water Heating .		3,472		360		810		560		1,742		56,478		3,246		14,671		12,741		25,819

		Buildings with Cooking .......		801		58		129		154		460		22,237		786		3,593		6,608		11,250

		Buildings with Manufacturing .		119		Q		59		10		23		3,138		Q		1,695		524		437

		Buildings with Electricity

		 Generation ..................		149		Q		30		34		80		12,821		Q		1,839		4,225		6,683



		Percent of Floorspace Heated

		Not Heated ...................		663		507		51		30		76		4,756		3,004		745		322		684

		1 to 50 ......................		523		97		373		17		35		6,850		836		5,201		300		512

		51 to 99 .....................		498		49		93		322		33		8,107		339		1,906		5,399		463

		100 ..........................		2,962		366		469		260		1,867		45,071		3,664		8,746		7,189		25,472



		Percent Lit When Open

		Zero .........................		47		Q		Q		N		Q		293		Q		Q		N		Q

		1 to 50 ......................		929		231		378		89		231		10,203		1,668		4,053		1,755		2,727

		51 to 99 .....................		1,108		132		210		304		462		18,288		1,156		3,820		6,366		6,947

		100 ..........................		2,176		286		374		228		1,289		32,789		2,229		8,311		5,055		17,194

		Building Never Open/

		 Electricity Not Used ........		386		330		Q		Q		Q		3,210		2,552		Q		Q		Q



		Cooling Equipment (more

		than one may apply)

		Residential-Type Central

		 Air Conditioners ............		1,006		N		284		182		540		11,035		N		4,453		2,332		4,250

		Heat Pumps ...................		492		N		76		82		335		9,041		N		1,573		2,334		5,134

		  Packaged Heat Pumps ........		288		N		43		43		202		5,426		N		808		1,346		3,272

		  Split-System Heat Pumps ....		174		N		32		34		108		2,606		N		623		655		1,329

		  Individual Room Heat Pumps .		58		N		Q		15		41		2,940		N		Q		895		1,728

		Individual Air Conditioners ..		742		N		349		119		274		12,558		N		5,424		3,170		3,964

		District Chilled Water .......		33		N		Q		5		27		2,853		N		Q		829		1,985

		Central Chillers .............		111		N		9		31		72		11,636		N		462		4,304		6,870

		Packaged Air Conditioning

		 Units .......................		1,613		N		348		313		952		29,969		N		8,900		7,331		13,738

		Swamp Coolers ................		122		N		36		43		43		1,561		N		489		522		550

		Other ........................		40		N		Q		Q		22		1,232		N		Q		261		766



		HVAC Conservation Features

		(more than one may apply)

		Variable Air-Volume System ...		466		16		72		84		294		19,597		342		2,863		5,549		10,843

		Economizer Cycle .............		508		N		78		128		303		21,108		N		3,062		6,716		11,331

		HVAC Maintenance .............		2,581		253		547		419		1,362		51,163		3,228		12,648		11,627		23,660

		Energy Management and

		 Control System (EMCS) .......		252		5		27		53		167		15,630		272		1,823		4,934		8,601



		Equipment Usage Reduced

		When Building Not In Full Use

		(more than one may apply)a

		Heating ......................		2,878		366		698		432		1,382		42,722		2,857		11,363		9,666		18,835

		Cooling ......................		2,761		N		788		474		1,499		43,205		N		12,888		10,297		20,020

		Lighting .....................		3,685		563		866		530		1,727		46,987		4,399		13,673		9,368		19,548

		Office Equipment .............		1,504		136		421		204		743		19,397		1,648		6,258		3,372		8,119

		See "Guide to the Tables" or "Glossary" for further explanations of the terms used in this table. Both can be accessed from the CBECS web site - http://www.eia.doe.gov/emeu/cbecs.
 * Figures in this table do not include enclosed malls and strip malls. Mall buildings add an estimated 213 thousand buildings comprising 6.9 billion square feet.
a The definition for one or more of these row items has changed and may not be directly comparable with past CBECS estimates. See "Guide to the Tables" for discussion of the differences.
Q=Data withheld because the Relative Standard Error (RSE) was greater than 50 percent, or fewer than 20 buildings were sampled.
N=No responding cases in sample.

		Notes: ● HVAC = Heating, Ventilation, and Air Conditioning. ● Due to rounding, data may not sum to totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Form EIA-871A of the 2003 Commercial Buildings Energy Consumption Survey. 
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RSEs for Table B35

		Released: June 2006

		Next CBECS will be conducted in 2007

		RSEs for Table B35. Percent of Floorspace Cooled, Number of Buildings and Floorspace for Non-Mall Buildings, 2003

				RSEs for Number of Buildings										RSEs for Total Floorspace

				All
Build-
ings*		Not
Cooled		1 to 50
Percent
Cooled		51 to 99
Percent Cooled		100
Percent
Cooled		All
Build-
ings*		Not
Cooled		1 to 50
Percent
Cooled		51 to 99
Percent
Cooled		100
Percent
Cooled

		All Buildings* ...............		3.9		8.6		5.7		6.9		3.7		3.1		11.2		7.1		5.9		4.1



		Building Floorspace

		(Square Feet)

		1,001 to 5,000 ...............		5.7		9.5		8.0		11.0		5.2		5.6		9.8		8.5		11.7		5.4

		5,001 to 10,000 ..............		5.8		13.8		10.4		11.0		8.0		5.6		13.7		10.2		11.2		8.0

		10,001 to 25,000 .............		5.0		15.8		12.1		9.5		7.4		5.0		16.3		12.1		10.0		7.8

		25,001 to 50,000 .............		5.6		19.0		12.3		11.5		6.5		5.8		22.2		13.1		11.5		6.4

		50,001 to 100,000 ............		6.3		35.4		13.4		12.2		8.9		6.3		35.0		13.7		11.7		8.8

		100,001 to 200,000 ...........		10.7		25.7		19.7		19.2		11.0		10.8		27.1		19.0		21.4		11.3

		200,001 to 500,000 ...........		10.0		56.6		22.3		12.6		12.8		10.4		55.7		22.5		13.2		12.7

		Over 500,000 .................		13.2		68.5		32.4		18.8		18.4		13.1		74.1		30.1		19.2		21.6



		Principal Building Activity

		Education ....................		7.1		21.9		14.1		16.4		9.7		6.0		20.5		14.0		14.2		8.6

		Food Sales ...................		9.3		32.2		26.8		18.6		15.4		9.4		32.2		25.1		19.5		19.8

		Food Service .................		7.4		28.8		20.4		17.0		9.1		9.0		29.4		30.3		20.8		12.2

		Health Care ..................		10.0		100.1		45.7		22.9		11.8		6.9		100.1		39.6		10.3		9.2

		  Inpatient ..................		21.2		100.1		77.0		20.4		26.3		11.6		100.1		63.8		13.0		16.6

		  Outpatient .................		11.0		0.0		46.3		24.5		12.9		9.7		0.0		39.5		20.6		11.3

		Lodging ......................		11.5		54.5		25.9		22.8		13.3		9.2		36.9		52.7		15.8		10.5

		Retail (Other Than Mall)......		7.5		18.8		16.3		17.4		9.6		8.0		26.1		16.4		15.5		11.9

		Office .......................		5.5		26.8		15.7		11.8		6.2		6.5		27.2		14.5		12.8		7.3

		Public Assembly ..............		8.4		16.6		23.2		17.8		12.1		10.9		19.2		16.7		24.0		13.9

		Public Order and Safety ......		18.3		41.8		23.5		32.7		28.0		18.8		45.3		27.8		22.4		28.7

		Religious Worship ............		8.7		21.4		22.3		22.5		11.7		7.9		23.4		24.8		22.4		10.8

		Service ......................		8.6		14.4		10.6		21.0		16.2		9.7		15.1		13.3		24.0		23.4

		Warehouse and Storage ........		8.5		12.9		12.8		44.7		24.4		10.5		18.9		12.4		39.1		24.2

		Other ........................		15.1		37.0		21.8		35.4		26.5		21.7		45.2		35.6		34.8		42.1

		Vacant .......................		10.5		12.5		30.7		43.2		35.2		16.1		20.2		30.0		56.3		36.1



		Year Constructed

		Before 1920 ..................		9.7		17.2		14.5		18.9		13.8		12.3		21.9		16.8		18.5		15.6

		1920 to 1945 .................		7.6		14.9		11.9		14.8		10.0		11.3		24.5		21.4		16.7		14.1

		1946 to 1959 .................		8.0		16.8		14.0		18.8		9.7		7.8		20.9		14.6		22.4		10.7

		1960 to 1969 .................		7.1		17.7		12.9		15.1		8.1		6.8		24.5		12.2		10.5		9.3

		1970 to 1979 .................		7.1		16.0		11.0		15.1		10.1		7.0		21.4		15.0		10.4		8.4

		1980 to 1989 .................		6.0		16.4		12.6		15.1		7.8		6.4		17.1		16.5		11.7		9.7

		1990 to 1999 .................		7.5		17.0		9.6		13.3		7.9		6.6		17.2		10.5		10.2		8.4

		2000 to 2003 .................		10.1		21.2		18.4		20.5		10.8		8.4		21.3		18.8		18.0		10.8



		Census Region

		Northeast ....................		10.0		18.9		14.4		13.7		8.4		9.6		25.2		14.8		13.4		10.0

		Midwest ......................		9.2		17.2		11.6		11.5		9.9		7.1		25.5		10.4		11.9		7.2

		South ........................		7.7		17.1		10.9		16.3		6.7		4.6		16.7		14.3		9.2		7.0

		West .........................		8.1		13.9		11.2		19.0		6.9		4.8		19.6		16.1		12.9		9.9



		Climate Zone: 30-Year Average

		Under 2,000 CDD and --

		- More than 7,000 HDD ........		10.1		13.6		11.6		12.2		15.3		10.9		22.3		16.5		16.0		13.5

		- 5,500-7,000 HDD ............		12.2		21.3		16.5		16.8		10.0		9.1		25.6		13.8		12.7		8.3

		- 4,000-5,499 HDD ............		23.6		43.8		20.4		25.7		22.1		15.3		31.5		15.0		19.7		19.0

		- Fewer than 4,000 HDD .......		14.4		19.9		17.7		21.1		13.3		11.1		21.6		16.8		14.9		13.3

		2,000 CDD or More and --

		- Fewer than 4,000 HDD .......		9.5		13.3		23.1		21.8		10.5		10.1		26.7		28.1		18.0		12.1



		Number of Floors

		One ..........................		5.1		9.5		8.0		9.8		4.5		5.2		12.3		8.9		9.3		5.5

		Two ..........................		4.6		12.2		9.5		10.0		7.0		5.1		18.8		9.3		12.2		7.7

		Three ........................		7.2		23.0		15.8		13.0		11.4		7.1		27.9		16.6		13.1		9.0

		Four to Nine .................		11.1		41.9		22.3		17.0		11.6		9.7		32.4		25.9		10.9		11.5

		Ten or More ..................		13.8		70.7		46.0		18.9		17.0		15.0		85.9		44.4		18.0		21.0



		Number of Workers (main shift)

		Fewer than 5 .................		5.9		9.0		7.6		11.3		6.7		6.7		12.7		8.3		13.4		7.6

		5 to 9 .......................		6.0		17.1		11.0		15.5		7.3		5.9		26.4		10.7		14.5		9.3

		10 to 19 .....................		5.4		24.7		13.1		14.1		7.4		7.1		26.1		17.3		14.3		7.7

		20 to 49 .....................		6.2		26.8		13.1		11.5		9.3		7.6		24.0		14.9		15.9		9.1

		50 to 99 .....................		8.0		34.9		15.8		14.4		11.1		7.7		46.2		13.7		13.8		10.3

		100 to 249 ...................		8.9		54.6		20.5		14.5		11.3		7.9		46.3		20.2		11.9		10.8

		250 or More ..................		8.6		100.1		19.6		12.1		11.3		9.5		100.1		23.9		13.8		13.3



		Weekly Operating Hours

		Fewer than 40 ................		8.1		10.9		12.7		16.8		10.1		8.6		14.8		14.4		19.9		10.5

		40 to 48 .....................		5.6		13.0		9.7		13.4		6.2		6.0		15.6		9.9		18.0		7.7

		49 to 60 .....................		4.7		14.1		9.6		11.0		6.9		6.4		24.1		9.0		10.0		6.7

		61 to 84 .....................		5.1		15.3		13.5		14.1		8.4		5.9		21.9		14.6		11.2		9.3

		85 to 167 ....................		6.9		22.7		16.3		15.2		10.3		7.6		26.6		14.9		11.5		11.8

		Open Continuously ............		10.8		23.1		16.1		14.7		11.6		5.3		21.2		15.3		8.5		8.6



		Vacancy Status

		Completely Vacant ............		10.6		12.3		38.4		65.7		36.2		17.8		21.1		35.7		63.1		37.6

		Mostly Vacant ................		32.2		47.2		42.6		50.1		77.6		32.9		66.4		42.6		81.5		65.8

		Partially Vacant .............		5.9		13.9		12.5		14.3		7.8		6.4		20.1		11.2		11.0		9.7

		Not At All Vacant ............		4.2		9.7		6.0		8.0		4.3		3.3		12.6		8.2		6.3		4.4



		Energy Sources (more than

		one may apply)

		Electricity ..................		3.7		9.4		5.6		6.9		3.7		3.1		12.6		7.1		5.9		4.1

		Natural Gas ..................		5.3		15.2		8.4		6.8		5.9		4.6		16.3		8.1		7.0		6.1

		Fuel Oil .....................		10.7		13.9		17.6		13.2		11.1		8.5		22.1		17.0		14.3		8.0

		District Heat ................		12.4		28.3		41.2		24.8		17.5		13.4		51.5		27.7		17.9		14.5

		District Chilled Water .......		13.0		0.0		80.2		22.8		15.8		11.5		0.0		55.2		17.4		15.6

		Propane ......................		16.3		15.4		18.5		23.1		20.7		13.3		33.7		15.4		20.4		15.7

		Other ........................		13.7		23.3		30.0		33.1		21.7		13.5		22.9		29.2		23.9		18.2



		Cooling Energy Sources

		(more than one may apply)

		Electricity ..................		3.2		0.0		5.7		6.9		3.8		3.1		0.0		7.1		5.9		4.1

		Natural Gas ..................		26.9		0.0		64.8		35.5		30.2		19.5		0.0		49.4		32.7		27.4

		District Chilled Water .......		13.0		0.0		80.2		22.8		15.8		11.5		0.0		55.2		17.4		15.6



		Energy End Uses (more than

		one may apply)

		Buildings with Space Heating .		3.5		10.6		5.6		6.8		3.8		3.1		15.3		7.1		6.0		4.2

		Buildings with Cooling .......		3.2		0.0		5.7		6.9		3.7		3.0		0.0		7.1		5.9		4.1

		Buildings with Water Heating .		3.2		9.6		5.8		7.3		4.0		2.9		14.7		7.0		6.1		4.5

		Buildings with Cooking .......		5.7		15.3		12.5		10.0		8.0		5.9		18.6		16.1		9.4		7.4

		Buildings with Manufacturing .		12.1		26.2		18.0		33.8		29.8		14.1		46.7		18.8		23.1		20.0

		Buildings with Electricity

		 Generation ..................		7.6		45.6		16.5		14.5		9.4		6.6		38.6		16.6		11.9		8.2



		Percent of Floorspace Heated

		Not Heated ...................		8.4		9.6		20.2		30.0		17.3		8.9		11.7		21.5		31.2		13.5

		1 to 50 ......................		8.0		14.4		9.6		31.4		27.0		10.4		26.5		12.0		28.8		23.6

		51 to 99 .....................		7.0		26.5		13.8		9.0		21.6		7.2		26.3		16.4		8.6		15.4

		100 ..........................		3.8		11.6		6.3		9.6		3.9		4.1		17.9		9.8		8.7		4.3



		Percent Lit When Open

		Zero .........................		33.5		37.9		75.2		0.0		66.0		27.8		33.3		59.5		0.0		62.6

		1 to 50 ......................		6.4		12.2		8.8		13.1		10.7		7.0		23.7		12.0		20.0		9.8

		51 to 99 .....................		5.1		13.3		10.4		8.3		7.1		4.1		13.6		8.8		7.3		5.8

		100 ..........................		3.8		10.1		7.2		9.9		4.5		4.1		20.1		9.9		7.8		5.5

		Building Never Open/

		 Electricity Not Used ........		10.9		12.1		27.2		48.6		32.5		13.0		14.8		30.8		50.4		35.7



		Cooling Equipment (more

		than one may apply)

		Residential-Type Central

		 Air Conditioners ............		5.9		0.0		8.6		10.2		8.8		6.7		0.0		14.3		10.3		7.8

		Heat Pumps ...................		12.2		0.0		20.2		21.9		11.4		8.1		0.0		18.7		11.5		9.6

		  Packaged Heat Pumps ........		9.8		0.0		22.8		18.3		10.0		8.1		0.0		22.8		13.6		10.1

		  Split-System Heat Pumps ....		20.8		0.0		31.0		27.0		21.6		15.8		0.0		27.3		24.0		21.0

		  Individual Room Heat Pumps .		14.8		0.0		45.9		19.1		15.1		12.6		0.0		49.1		17.0		15.3

		Individual Air Conditioners ..		6.5		0.0		8.2		12.7		10.0		6.8		0.0		9.3		14.3		8.3

		District Chilled Water .......		13.0		0.0		80.2		22.8		15.8		11.5		0.0		55.2		17.4		15.6

		Central Chillers .............		10.0		0.0		35.5		14.6		12.6		8.4		0.0		17.5		11.3		10.7

		Packaged Air Conditioning

		 Units .......................		4.5		0.0		8.5		7.2		5.1		4.5		0.0		9.2		7.7		5.0

		Swamp Coolers ................		19.4		0.0		23.1		27.2		19.7		15.1		0.0		25.5		22.4		14.5

		Other ........................		24.6		0.0		49.5		50.2		27.3		20.1		0.0		45.6		30.7		25.1



		HVAC Conservation Features

		(more than one may apply)

		Variable Air-Volume System ...		6.9		30.3		15.5		12.0		8.4		5.4		28.5		11.9		8.2		7.2

		Economizer Cycle .............		6.1		0.0		13.1		9.2		8.1		5.1		0.0		11.9		8.2		6.9

		HVAC Maintenance .............		3.9		13.3		7.5		6.6		4.8		3.8		18.9		8.5		6.6		4.5

		Energy Management and

		 Control System (EMCS) .......		9.3		32.2		16.1		16.5		10.1		5.5		30.4		14.1		8.7		7.9



		Equipment Usage Reduced

		When Building Not In Full Use

		(more than one may apply)

		Heating ......................		4.2		10.9		6.8		7.5		4.9		3.3		14.6		8.2		6.8		4.9

		Cooling ......................		4.1		0.0		6.6		7.6		4.8		3.4		0.0		7.5		6.7		4.8

		Lighting .....................		3.6		8.4		6.1		7.6		4.0		3.5		13.6		7.9		6.8		4.3

		Office Equipment .............		5.0		15.4		8.9		12.2		6.0		5.0		23.2		10.3		11.7		7.6
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How Common Are Various Heating Systems in 
US Commercial Buildings? - 2003

(Data from 2003 Energy Information Agency Survey) – Percentages calculated by Lutes 
https://www.eia.gov/consumption/commercial/data/archive/cbecs/cbecs2003/detailed_tables_2003/detailed_tables_2003.html

Heat
Pumps Furnaces

Individual
Space

Heaters
District

Heat Boilers

Packaged
Heating

Units Other

100 86 10 40 18 1 12 21 4
Primary Space-Heating
Energy Source
Electricity ........................... 27 8 6 7  1 9 1
Natural Gas ........................ 43 2 26 8  8 10 1
Fuel Oil ............................... 6  3 1  3   
District Heat ....................... 1 0  0 1  0  
Propane ............................. 7  4 2   1  
Other .................................. 2        

Number of Buildings (percentage)

All Buildings*
Heated 

Buildings

Heating Equipment (more than one may apply)



Basement Percentage Varies Dramatically By Region  
in New US Residences

National Association of 
Homebuilders:  
http://eyeonhousing.org/2014
/10/what-foundations-are-
built-across-the-nation/



Foundation 
Type Varies 
with Region

National Association of 
Homebuilders:  
http://eyeonhousing.org/2014
/10/what-foundations-are-
built-across-the-nation/



Historical Trends in US Residential Foundation Types

Reprinted from Bradtmueller J.P. et. all. 2015    “A Comparison 
of House Size and Foundation Type for U.S. Residential 
Homes” 
51st ASC Annual International Conference Proceedings  
http://ascpro0.ascweb.org/archives/cd/2015/paper/CEGT411
002015.pdf



Some Key Concepts



The Importance of Thermal Mass

Above Graphic from: https://igws.indiana.edu/Geothermal/HeatPumps
Left Graphic from:  http://www.yourhome.gov.au/passive-design/thermal-mass

Diurnal cycle in Buildings

Annual Cycle in Soil

https://igws.indiana.edu/Geothermal/HeatPumps


Temperature, 
Pressure and 
Precipitation 
Events are All 
Linked When a 
Front Passes

During a Cold Front passage:
• Air 

Temperature Decreases
• Dewpoint Temperature 

(Moisture) Decreases
• Wind shift from South to 

North
• Air Pressure Increases

Reprinted from:
http://www.occc.edu/ktapp/gophysics
/PHYS1014/AirMassFronts.htm
(Oklahoma City Communit College)

http://www.occc.edu/ktapp/gophysics/PHYS1014/AirMassFronts.htm


Temperature, 
Pressure and 
Precipitation 
Events are All 
Linked When a 
Front Passes
during a Warm 
Front passage:
• Air 

Temperature Increases
• Dewpoint Temperature 

(Moisture) Increases
• Air Pressure Decreases

Reprinted from:
http://www.occc.edu/kt
app/gophysics/PHYS101
4/AirMassFronts.htm
(Oklahoma City 
Communit College)

http://www.occc.edu/ktapp/gophysics/PHYS1014/AirMassFronts.htm


Review Paper Published, Reprints Available on 
Request from Authors
• Schuver, H.J., C. Lutes, J. Kurtz, C. Holton and R.S. Truesdale 

“Chlorinated vapor intrusion indicators, tracers, and surrogates (ITS): 
Supplemental measurements for minimizing the number of chemical 
indoor air samples—Part 1: Vapor intrusion driving forces and related 
environmental factors”, Remediation Journal, Published on line June 
6, 2018, Volume 38, Issue 3; p 7-31.
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