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Introduction to Reading

The following excerpts come directly from the DOE’s Buildings Energy Data Book and
are selected by Steve Ray for the purposes of a roundtable discussion with the MIT
Energy Club. More information on the Buildings Energy Data Book follows. Some terms
you may useful:

Adjust to SEDS - Energy adjustment EIA uses to relieve discrepancies between data
sources. Energy attributable to the residential and commercial buildings sector, but
not directly to specific end-uses.

EIA - Department Of Energy's Energy Information Administration

Primary Energy- Refers to energy used at the source (including fuel input to electric
power plants)

SEDS - State Energy Data System

Site Energy - Refers to energy used on site (i.e., delivered)

Foreword from the Buildings Energy Data Book

The U.S. Department of Energy's (DOE) Office of Energy Efficiency and Renewable
Energy has developed this Buildings Energy Data Book to provide a current and accurate
set of comprehensive buildings-related data, and to promote the use of such data for
consistency throughout DOE programs. Data has been re-organized up front and there are
several new data chapters in the back. The first six chapters are re-organized; Chapter 1 —
Buildings Sector, Chapter 2 — Residential Sector, Chapter 3 — Commercial Sector, Chapter
4 — Federal Sector, Chapter 5 — Envelope and Equipment, Chapter 6— Energy Supply.
The last three chapters are new and we hope to improve upon them, Chapter 7 — Energy
Codes, Standards, and Laws, Chapter 8 — Water Data, and Chapter 9 — Market
Transformation. Besides these new chapters, you will also find new data sections on
embodied energy, multi-family buildings, office buildings, retail buildings, hospital &
medical facilities, hotel/motels, water heaters, on-site power, on-site wind power, natural
gas production and distribution, and public benefit funds.

We hope you find the 2008 Buildings Energy Data Book useful. You are encouraged to
comment on errors, omissions, emphases, and organization of this report to the person



listed below. Requests for additional copies of this report, additional data, or information
on an existing table should be referred to D&R International.

Jordan D. Kelso, PE

D&R International, Ltd.

1300 Spring Street

Suite 500

Silver Spring, Maryland 20910
Telephone: (301) 588-9387
Fax: (301) 588-0854

E-mail: jkelso@drintl.com

The 2008 Buildings Energy Data Book can be found on the web at:
http://buildingsdatabook.eere.energy.gov/

Introduction

The 2008 Buildings Energy Data Book is a statistical compendium prepared and
published under contract with the National Energy Technology Laboratory (NETL)
within the U.S. Department of Energy’s Office of Energy Efficiency and Renewable
Energy (EERE). Pacific Northwest National Laboratory (PNNL) first published the
predecessor to the annual Buildings Energy Data Book in 1986. PNNL published these
through 2004; Oak Ridge National Laboratory 2005-2006, and NETL began publishing
the Buildings Energy Data Book in 2007. The Department of Energy's Office of Energy
Efficiency and Renewable Energy has developed this 2008 Buildings Energy Data Book
to provide a current and accurate set of comprehensive buildings-related data and to
promote the use of such data for consistency throughout DOE programs. Additional data
(e.g., more current, widely accepted, and/or better documented data) and suggested
changes should be submitted to D&R International. Please provide full source references
along with all data. The Buildings Energy Data Book is a compendium of data and does
not provide original data. Much of the data gathered is from government documents,
models, and analysis. All data sources are included with each data table.

Chapter 1 — Buildings Sector

Chapter 1 contains energy consumption, expenditures, environmental impacts, and
economic data related to the Buildings Sector. There is also some data from the former
Quad Equivalents chapter. A new data section, Embodied Energy of Building Assemblies,
contains data on energy used during the life-cycle of building materials. The following
pieces of information give some insight into general trends in the Buildings Sector:



* Electricity energy consumption in the sector is increasing. Natural gas and petroleum
energy consumption are declining.

* Less than 2 percent of annual Buildings Sector energy consumption is from renewable
energy, each year from 1997 through 2030.

* In 2006, the Residential Sector consumed 37 percent of all electricity produced in the
United States. The Commercial Sector consumed 36 percent.

* Space heating is the largest energy end-use in the Buildings Sector. In 2006, it was 34
percent of sife energy and 20 percent of primary energy.

* From 2006 through 2030, space heating, lighting, and space cooling are the top three
energy end-uses (as a percentage of primary energy). Water heating and electronics are the
next top two end-uses.

* Aggregate energy expenditures will have doubled from 1980 to 2030; the increase is 28
percent from 2006 to 2030.

* Electricity expenditures make up 67 percent of total Buildings Sector energy
expenditures in 2006; in 2030, electricity expenditures are up to 70 percent.

* From 2006 to 2030, Buildings Sector electricity expenditures increase 34 percent to a
total of $353 billion. Natural gas increases 19 percent to a total of $112

billion. Petroleum increases 5.5 percent to a total of $36 billion.

* The average price of electricity in the Residential Sector in 2006 was 10.4 cents per
kWh; 9.5 cents per kWh for the Commercial Sector.

* Space heating, lighting, and space cooling are the top three energy end-use expenditures.

* New buildings construction is $785 billion in 2006. Building improvements and repairs
is $438 billion.

* Carbon dioxide emissions by utilities generating, transmitting, and distributing electricity
drives the Buildings Sector carbon dioxide emissions.

* The Buildings Sector percentage of carbon dioxide emissions increases from 38 percent
in 2006 to 43 percent in 2030. Emissions in 1980 were 33 percent.

* World carbon dioxide emissions increased 1.9 percent per year from 1990 through 2005.
Emissions are projected to increase 2.1 percent per year from 2005 to 2010.
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Source(s): ElA, International Energy Outlook 2008, June 2008, Table A1, p. B3 and Table A14, p. 87.
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Chapter 2 — Residential Sector

Chapter 2 contains data related to the Residential Sector. Energy consumption,
expenditure data, and environmental impacts related to residential activity can also be
found in this chapter. Additionally, several sections contain details about specific markets
and housing types, such as multi-family and low-income housing. The following pieces
of information give some insight into general trends in the Residential Sector:

* The average size of a new, single-family home has risen by 756 square feet since 1980
while the average household size has remained relatively constant.



* In 2006, there were approximately 113 million households in the United States. By
2030, there is expected to be 141 million households.

* Internal gains account for 27 percent of a home's cooling load.

 Average annual energy expenditures per household have increased by 20 percent from
1990.

* For every 1 kWh used in the residential sector, another 2.18 kWh is needed to produce
and deliver the electricity.

* In 2006, the residential sector consumed 37 percent of all electricity produced in the
United States, making it the largest consuming sector of electricity.

* Space heating continues to dominate residential energy expenditures, accounting for 31.5
percent of total energy expenditures; more than double any other single end-use.

* The amount of carbon dioxide attributed to the residential sector is roughly equivalent to
the carbon dioxide emitted by all of Central and South America combined.

* The average price of electricity for residential consumers in 2006 was 10.4 cents per
kWh.

* On-site renewable energy accounted for approximately 3 percent of all energy consumed
in the residential sector. The majority of this energy was derived from wood combustion
and was used for space heating.

* Electricity is expected to be the fast growing site energy source for residential consumers
averaging a 1 percent growth rate from 2006 to 2030.

» Approximately 63 percent of residential energy expenditures were spent on electricity.
* In 2006, residential consumers spent approximately 225 billion dollars on energy.

* The average family living in public multi-family housing used 32.2 million Btus of
natural gas energy, or approximately 322 therms.



213 Residential Site Renewable Energy Consumption (Quadrillion Btu) (1)

Growth Rate
Wood Solar Thermal Solar PV GSHP Total 2006-Year

1980 0.846 0.000 N.A. 0.000 0.846 -

1990 0.582 0.056 N.A. 0.006 0.644 -
2000 0430 0081 NA 000 0s0 -]
2006 0.409 0.013 0.000 0.003 0.426 -

2010 0.440 0.018 0.001 0.004 0.463 21%
2015 0.418 0.025 0.001 0.006 0.450 0.6%
2020 0.404 0.032 0.002 0.008 0.446 0.3%
2025 0.390 0.039 0.003 0.01 0.443 0.2%
2030 0.378 0.045 0.007 0.014 0.444 02%

Mote(s): 1) Does not include renewable energy consumed by electnc utilities (including hydroelectric).
Source(s): ElA, State Energy Data 2005: Consumption, Feb. 2008, Tables 8-12, p. 18-22 for 1980-2005; and ElA, Annual Energy Outiook 2008, Mar. 2008, Table A17,
p- 143-144 for 2006-2030.
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2111 2005 Delivered Energy End-Uses for an Average Household, by Region (Million Btu per Household)

Mortheast Midwest South West National
Space Heating Go.8 5.5 2049 252 383
Space Cooling 4 6 6.3 147 7T a8
Water Heating 218 0.2 15.8 208 18.0
Refrigerator 4.5 5.1 44 4.4 4B
Other Appliances & Lighting 237 25.8 25.8 240 25.5
Total {1) 1205 113.3 80.9 76 930

MNotefs): 1) Due to rounding, sums do not add up to totals.
Soume(s)  ElA, A Look at Residentia Energy Consumpon in 2005, Oclober 2008, Table US-14.

2118  Operating Characterlstics of Electric Appllances In the Resldential Sactor

Annual Usage
Pawer Draw (W] (1) {haursiyear Annual Consumption  Annual Cost
Acve dme O Agive |die 0O (KW hyearn (51 (2

Kltchan

Coffze Maker 1,000 | a 35 225 35483 53 Al

Dlshvasher (3] o] o] 4] 345 0 120 11

Mlcrowave Qwen 1,500 a 3 70O 0 3,550 13 12

Refrigerator-Freezar GED B2

Freszar 4T 44
Lighting

18-W Compact Fluorescent 13 a a 1,139 0 C 20 2

E0-W Incandescent Lamp =) o] o E72 0 0 40 2

100-W Incandescant Lamp 100 a [E] B72 0 H 7 7

Tarchiere Lamp-Halogsn 300 a ¢} 1.450 0 0 440 41
Bedroom and Sathroom

Halr Diryer 710 o] a ] 0 0 40 2

Watsrbed Heater 320 a [E] 3.051 0 H 1,070 101
Laundry Room

Clothes Diryer (4] 359 1,004 24

Clothes Washer (3] o] a a ) 3a2 0 0 [} 110 10
Hioms Elsctronlcs

CPLU & Monltor 13230 0 1,337e32 0 280 24

Sterao Systems 33 30 3 1.510 1,310 5240 119 11

Talevlslon 113 4 1,460 7,300 183 1E

Analgg, =407 B5 i3] 1095 1E2 T

Analog, =40 ] (3] 1,825 312 29

Digral, EDVHD TV, =407 150 (5] 1.0935 3 2B

Digral, EDVHD TV, =407 234 (5] 1,823 455 43

‘SE-0D Do 20 a 20 £.450 0 2,310 173 T

OWDVCR 7 13 3 170 5150 3,430 7 7
Heating and Cooling

Diehumigifiar 500 a 1,620 0 a7a o1

Furnace Fan 255 a 1.350 0 400 3B
Celling Fan (only fan matar) 35 2310 E1 3
water Haating

Water Heater-Family of 4 2,500 1] 64 MNA H 4,770 428

Water Heater-Family of 2 £,500 5] 32 HA 0 2,340 220

Portable Spa 4,350 275 [E] 23 3,735 H 2,525 237
Migcallansous

Poal Pump 1,000 a 7492 0 TEQ T4

Weall Pump 725 o] s 0 EQ -]
Total Standby a 57 0 8760 500 47

Not{sr 1) Powver draw will vary due 10 appllance compaonents and modes of operation. 2] S0.0%EKWh. 3) Sxciutes elecincity for water neating
and driying. 4 Cyslesfhyear. 5) Tvs =407 are estimated on 2 hours/'day and Tvs =207 ans esamated on S hoursiday. €] Galons'day.
Sourceisk BTRAD. Lile Eecridty Consumpion by Smal End Uses In Residenial Balldings, Aug. 1938, ExhibE 8, po 5-10 for dolie s washer, mmpaber,
derumidTier, dishwasher, famace fan, podl pamp, bonchisrs amp-raiogen, walsrbed heaker, and well pomp; LEML, Enengy Ca Sourcebook e
the U.E. Reskdential Sacior, LEML~025T, S=pt 1957, p. 100102 for ciothes dryers, Tabie 102, p. 108 for ighting. and p. 52-57 for waier
heaters; LEML, Misceiansous Bedncty Use Ik the LS. Residental Secior, LENL-20255, Sor. 15598, Append i O for Fair dryers; | B3, Supplemean o
A0 200, June 2008, Tabse 21 for nefigenicr and freszer, GARA, Consumers' Direciony of Cenffied Efcency Ralings for Hesting and Waier
Heating Equipmant, spor. 2000 for waber hsater powar draw; LTI, Commercll and Fesidential Sschor bz cslanscus Beciricty Consumption
2005 and Pmjecions io 2030, Sept 3008, p. £1-50 for coffes maker, micosave oven, siereo syshems, Ti's, set-op Do, DATACH,
cefing fan, and portabie spa; and LENL for botal stndby.




2.1.14  Aggregate Residential Building Component Loads as of 1938 {1)

Loads (quads) and Percent of Total Loads

Component Heating Cooling

Roof 085 12% D16 14%
Walls -100  18% D11 10%
Foundation 076 15% -0or -

nfiltration -147  2B% 0ie 18%
Windows (conduction) 134 26% 0.01 1%
Windows (solar gan) 043 - 037 32%
ntemal (Fains 0ye - 031 2%
MNet Load -399 100% 1.08 100%

Mote{s): 1) "Loads” represents the thermal energy losses)gains that when combined will be offset by a buildng's heating’cooling system to
maintain a set intesior temperature (which then equals site energy)
Sourceis) LBHL, Residential Healing and Cooling Loads Component Analysls, Now. 1555, Figure P-1, P-1 and Appendx & Comiponent Loads Data Tables.

2318 1998 Cost Breakdown of a 2, 150-5quare-Fool, New SIngle-Family Home ($2008) (1)
Cost
Finlghad Lot E4628 4%
Construction Coat
Inspection’Fess 4373 9
ShelliFrame
Framing 30,927 11%
Windows/Doors 10,272 4%
Extariar Finksh 11,304 4%
Foundation 16,131 53
Wall'Finish Trm |3 1%
Floonng 7.211 ki
Equipmeant
Plumiing 1,337 e
Electrical Wirnng 5,638 xS
Lignting Flxtures 1,560 1%
Hual 8,171 2%
Apgpllancas 2,165 1%
Property Features 17,567 0
Financing 5152 %
Overhead & Gensral Expanses 15,645 E%
Markating 3,840 1%
Sales Commilsalon 2,238 3%
Profit 25,163 %
Tatal 273882 100%
Mote(sl: 1) Based on 3 NAHB Sursey asking bullders 1o provide & dietalled brealdown of The cost of constinueting a 2,150 SF house with Jor £
bedrooms on & 7,500- 1o 10,0005F ot Average saes price of 3 new home In 42 sunveyed markels wae 5226660 (in $1953).
Souroeisi  MAHB, The Truth Abcut Reguiatory Bamers io Housing Affordabiity, 1925, D 4; and E3, Annual Energy Review 2007, Jane 2008, Appenadhr D, £ 377
{or price infiaiore.

Chapter 3 — Commercial Sector

Chapter 3 contains information related to the Commercial Sector. Energy consumption,
expenditure data, and environmental impacts related to energy consumption and
construction activity are also examined. The remaining sections provide data on specific
building types such as offices, hotels, and education facilities. The following pieces of
information give some insight into general trends in the Commercial Sector:



* Floor space devoted to commercial activity totaled 74.8 billion square feet in 2006.
Commercial floor space is expected to reach 100.8 billion square feet by 2030.

» Commercial floor space located in the south represents 37 percent of the total floor
space, the largest amount of any region.

* In 2006, lighting used 24.8 percent of primary energy attributed to the commercial
sector. This is approximately twice the energy used for space cooling, the next closest
end-use.

* Lighting accounts for 42 percent of a commercial building’s cooling load.

* In 2003, the most energy intensive buildings were those related to food sales using 535.5
thousand Btus per square foot. The building type with the lowest energy intensity
(excluding vacant buildings) was religious worship buildings using 77.0 Btu’s per square
foot.

* Electricity accounted for 74 percent of all energy expenditures in the commercial sector.

* 80 percent of all carbon dioxide attributed to the commercial sector comes from
electricity consumption.

* The carbon dioxide attributed to the commercial sector is roughly equivalent to all the
carbon dioxide emitted by Australia, New Zealand, and South Korea combined.

* In 2003, buildings devoted to office space consumed 19 percent of primary energy
attributable to commercial buildings, the most of any building type.

* In 2003, 35 percent of all commercial floor space was found in only 2.2 percent of the
commercial building stock.

» The most expensive city to operate a commercial building in terms of energy costs was
New York City, where the average energy cost was $3.99 per square foot annually.

* Hotels consumed on average 110 thousand Btus per square foot in 2003.

* The average price of electricity for a commercial consumer in 2006 was 9.5 cents per
kWh.

10



2006 Commercial Primary Energy End-Uas Spilta
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3.1.12  Aggregats Commerclal Bullding Component Loads as of 1958 [1)

Loads [guats) and Percent of Total Loads

Componant Heaong Toolng
Foaf 0103 12% Loid 1%
Wialls (2) 01Ts 21% L0aE -
Foundation -0 1% o058 -
IFfittration 0182 18% 0d1 -
Vantllation 017 15% 4045 -
VéIngows {conduction) 0183 27% LpEs -
VIngows (solar gain) o11s - 03836 32%
Intemal Gains

Lights 019 - [LEDS 42%
Equipment jehactrcal) 0048 - L7 1T%
Equilp. [non-glectrical) oom - LOGE 1%
Paople 0038 - R
MET Load 0442 100% 0963 100%

Mol={s) 1) Loadds represents the Memmal energy icssesigains that, when combined, will b offs2t by 3 Duling's hestng/ooolng sysiem to
MENiEn 3 56t Infenor leperature (Whlkn Ten squals STe engy). Z) Incutes commaon Imenor walls between buldngs.
Eourceis): LBNL, Commertial Healing and Cooling Loads Comporsnt Analysis. June 1958, Table 33 p 25 and Sigurs 3, 0. B1.




