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Preface

C

ome on an exploration of the commercial sector. What is the
commercial sector? What is the service sector? What affects
energy use in this sector? How important is it to understand
economic factors? This document is an exploratory examination
of these questions, and mostly what is examined is energy use,
factors affecting sectoral energy use, and means of improving
understanding of commercial sector energy use. This is in contrast
to understanding individual buildings.

Analyzing the commercial sector as a whole appears important,
since there are some issues with trying to use building-level survey
data to characterize the entire sector. Some of the results here
have never been seen before, and they have interesting
implications for trying to understand energy performance of the
entire commercial sector.
Those who want to skip the economic data can proceed to the
section on Energy Indicators, after finishing with the initial
material on commercial energy data.
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Summary

T

he growth of the service economy in the United States has led to
major energy use increases for certain subsectors of the service
economy. The gross domestic product (GDP) of the United
States is now dominated by the services sector of the economy, where
66% of total GDP (not including direct government services) comes from
this sector. The “commercial” sector is mostly the same as the services
sector, with some of the differences explored here. Commercial sector
total energy use (including sectoral share of electricity losses) is now
18% of total national energy use, up from 11% in 1965.
From 1986 to 2012, commercial sector total source energy use
increased almost 50%, from 11.8 to 17.3 quadrillion Btu/yr (quads).
Total source energy use related to heating degree-days (HDD) increased
from about three quads in 1986 to about eight quads in 2012, more than
doubling. “Adjusted” floor area values developed here for the
commercial sector show that total commercial floor area increased from
65 billion square feet in 1986 to 98 billion square feet in 2012, an
increase of 50%. Energy use related to HDD increased much more than
total floor area during this time.
Total source energy use related to cooling degree-days increased
from almost two quads in 1986 to more than five quads in 2012, again
more than doubling. Space conditioning of commercial buildings and
other weather-dependent energy uses have led to major increases in
energy use for the commercial sector over three decades.
Conversely, total source energy use that is not related to degreedays decreased from 6.5 quads in 1986 to 4.1 quads in 2012 — a
decrease of almost 40%. Possibly the expertise in reducing lighting
energy use has excelled, while other systems have not fared as well.
The use of GDP as a normalizing factor for understanding
“economic energy efficiency” is fraught with issues, as explored here.
Energy use per dollar of GDP (E/GDP) can be decomposed into two
important factors: GDP per capita and energy use per capita. Increasing
the GDP per capita will cause E/GDP to reduce, and decreasing the
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energy use per capita will also cause E/GDP to reduce. Since GDP per
capita increased dramatically worldwide from 2002 until 2011, decreases
in E/GDP have provided an illusory picture of “increasing” economic
energy efficiency. Fortunately for the United States, commercial sector
energy use per capita has been on a downward trend since 2008, which
has also contributed to “increased” economic energy efficiency. Read
further to learn more about the difficulties of understanding energy
efficiency using GDP as a normalizing factor, as well as information on
stagnation of GDP per capita since 2011.
Increases in energy use for specific subsectors of the commercial
sector were calculated and are presented in the table below. The “EUI”
values are the ratio of total energy (or source energy) used in each
subsector divided by total floor area for each subsector in 2012 (kBtu per
gross square foot of floor area). The increase in source energy use for
each subsector from 1986 to 2012 is also shown. These EUIs appear to
be fairly steady over this time also.
Increase in Source Energy Use, by Subsector, 1986–2012
EUI

Commercial Subsector

Increase in source
energy use, quads

Retail / Wholesale

214

0.510

Office (not medical or financial) + Labs

199

1.029

Financial

195

0.110

Health

322

0.779

Education

144

0.736

Food Services

557

0.657

Lodging

197

0.447

Arts - Entertainment - Recreation

190

0.293

77

0.312

113

0.099

72

0.098

Vacant

29

0.009

Other

273

0.027

Government

178

0.407

Warehousing - Shipping
Other Services
Religious worship

TOTAL

5.512
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The Office + Labs category represents the Professional / Technical
Services subsector of the service economy, and this subsector had the
largest increase. The Health, Education, and Food Services subsectors
also had large increases. More information on subsector breakouts is
provided in the report.
The report also examines how service economy subsectors and
commercial sector building subsectors can be matched as best possible at
this time.
Finally, the two main data sources for energy data used here, the
Commercial Buildings Energy Consumption Survey (CBECS) and the
State Energy Data System (SEDS), are explored and some synergistic
results presented. Both data sources were important for the work here.
CBECS results were found to have some major issues with estimation of
electric space heating, and the issues appear to extend back in time.
This exploration of the commercial sector provides some initial
progress for improving understanding of sectoral energy use, and it is
hoped the results will be useful to future efforts aimed at increasing that
understanding.
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Introduction

E

nergy use in commercial buildings is complicated to understand.
There is a wide range of building uses and ownership. Most
people have little knowledge about the potential complexity of
the energy systems. Operation of energy systems can also be very
complex, but even in simpler buildings, operation of the energy systems
can be misunderstood, leading to excessive energy use in many cases.
Commercial buildings use a lot of electricity. Electricity generation,
transmission, and delivery to users lead to many energy losses.
Commercial buildings also use a fair amount of district heat, which also
often has losses that complicate the overall energy use picture. The
terms primary energy, source energy, or gross total energy are often used
to indicate that the losses (or most of the losses) incurred in providing the
energy source(s) to the users are included in the total. Terms like “total
final” and “delivered” are often used to refer to energy totals that do not
include these losses. Both source and delivered (site) energy are
mentioned here at the beginning, but most of the focus is on source
energy throughout.
Total final (delivered) energy consumption in the commercial /
services sector worldwide is projected to grow at the fastest rate of all
sectors through the year 2040, 1.8%/yr from 2010 to 2040. This
expected increase is driven by the developing countries, especially in
Asia (3.9%/yr overall for the region).

Commercial sector delivered energy use is expected to grow from
7.6% of the world total of 382 quads in 2010 to 8.5% of 577 quads by
2040. As national economies grow toward more specialized services and
enterprise management, the share of national energy use held by the
commercial / services sector also tends to grow relative to other sectors.
The U.S. Department of Energy (DOE) measures energy use in
many different ways, including extensive detail on energy use in the
United States, and also some detail internationally. Worldwide energy
use is also determined by the International Energy Agency (IEA)
(iea.org), but the IEA data can be harder to access.
The DOE energy data arm is the U.S. Energy Information
Administration (EIA) (eia.gov), which publishes worldwide sectoral
energy use data in the International Energy Outlook 1 biennially (and
limited data every other year). Total world energy consumption by enduse sector, with 30-year projections usually, are now published for
delivered energy in units of quadrillion Btu/yr (shortened to the term
“quad” as used above). A quadrillion (1015) is a million billions or a
thousand trillions. A British thermal unit (Btu) is the amount of heat
energy needed to raise a pound of water (about a half-quart or half-liter)
one degree Fahrenheit.
In the international SI system of units, energy could be in calories or
Joules. One Btu is the same amount of energy as 1,055 Joules, but SI
units will be used very little here.
The commercial sector is often defined as all facilities that other
sectors do not include (i.e., not residential, industrial/mining, or
agricultural/fishery facilities). The “buildings” sector typically includes
residential and commercial buildings.
Commercial buildings are
sometimes further divided into institutional and commercial, or
governmental and commercial. The commercial sector may also be
called the “general” sector or the “services” sector, although government
activities are often accounted separately from “services” in the United
States.
1

EIA 2013. International Energy Outlook 2013, US Energy Information Administration,
US Department of Energy, Washington, DC, DOE/EIA-0484(13).
http://www.eia.gov/forecasts/archive/ieo13/
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The commercial buildings sector consists of buildings and other
facilities used by businesses or other organizations (including
governments) to provide workspace or gathering space or offer services.
Facility types include service businesses, such as shops and stores, hotels
and motels, restaurants, warehouses, and hospitals, as well as a wide
range of facilities that would not be considered commercial in a
traditional economic sense, such as public schools, specialized
governmental facilities, and religious organizations. Other types of
buildings are also included.
Commercial buildings energy use can vary widely due to
differences in size, complexity of energy systems, space usage, system
defects or deterioration, incorrect setup and operation of systems,
behaviors of people, and many other factors. Information on such topics
can be found many places, such as the ASHRAE energy audit
procedures.2
This monograph will examine data on commercial sector energy use
and the economic value-added output of the “services” sector, and will
examine ways to understand the interaction of energy use and changes to
the US “service” economy over time.

2

2

ND

ASHRAE 2011. Procedures for Commercial Building Energy Audits,
ed. Atlanta: ASHRAE. ISBN 978-1-936504-09-1
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Commercial Sector Energy Growth

T

he combined buildings sector, residential and commercial sectors
together, on a source energy basis, accounts for about one-third
of total energy use worldwide,3 as shown in the table below. The
percentage of delivered energy remains about one-fifth of total world
energy use until expected growth relative to the industrial and
transportation sectors starts to increase the buildings share toward onefourth by 2040. (Based on the EIA report footnoted above, which does
not include biomass that is not part of a commercial transaction.)
Buildings Sector Worldwide Percent of Total Energy
Delivered energy
Source energy

2010
21%
29%

2020
21%
29%

2040
23%
33%

On a source energy basis, without including biomass obtained other
than through a commercial transaction, the buildings sector worldwide is
about one-third of total energy use, with some growth relative to the
other sectors expected by the year 2040.
Growth rates for this scope of buildings sector energy are projected
at this time to be larger than growth rates for industrial or transportation
sector energy use for the next 30 years, as shown in the table below.

3

For more information on worldwide buildings sector energy use, readers
can consult the EPMI working paper, Worldwide Buildings Sector Energy Use
Trends, 2010-2040, http://epminst.us/states/worldtrend1.htm

Total world energy consumption by end‐use sector, 2010‐2040,
(exaJoule/yr)
Average annual
percent change

Projections
Sector

2010

2020

2040

2010‐2040

Residential Sector
Delivered energy
Source energy

54.9
96.9

63.1
115.6

86.3
166.8

1.5
1.8

Commercial Sector
Delivered energy
Source energy

30.5
65.9

35.4
77.7

51.7
117.6

1.8
2.0

Industrial Sector
Delivered energy
Source energy

211.0
280.8

260.3
349.9

323.8
429.8

1.4
1.4

Transportation Sector
Delivered energy
Source energy

106.6
108.9

118.4
121.1

147.2
150.8

1.1
1.1

Total World (all sectors)
Delivered energy
Source energy

403.0
552.7

477.2
664.5

608.8
864.7

1.4
1.5

NOTE: exaJoule values here ÷ 1.055 = quadrillion Btu

The growth rates in the residential and commercial buildings sectors
are the highest, and as mentioned previously, the commercial sector is
projected to have the highest overall growth rates. Impacts from energy
emissions will generally grow in tandem with growth in source energy
use.

US Growth Relative to the Residential Sector
Commercial sector energy use has been growing faster than the
residential sector in the United States for decades, just as the growth
rates projected in the table above indicate higher growth for the
commercial sector for the world through the year 2040.
This growth difference is shown in the next figure, where decades
ago the commercial sector energy use was about 50% of the residential
–5–

sector, and in recent years has been about 85%. This growth difference
is influenced by the growth of what is sometimes called the service
economy.

Growth in the “service” economy has been in progress for decades
in the developed world and is widely recognized. Lately, China has been
publicly discussing transition to a service economy. A brief digression
on this type of transition is covered next.

Economic Growth and Transition
The services sector (the commercial sector) now accounts for over 70%
of total employment and a similar share of value added in many
developed countries, as well as almost all employment growth. Services
are transforming many economies on a large scale. Growth leads to
change, and a growing economy changes the proportions and
interrelations among its basic sectors — agriculture, industry, and
services. Other changes also occur in concert with these sectoral
changes, but only the basic notion of economic sector changes will be
mentioned here.
When population is small, agriculture is very important, to assure a
food supply. As means are developed to stabilize the food supply and
increase productivity of agriculture, fewer people are needed to maintain
–6–

the food supply. The industrial sector grows as the need for capital
equipment and other productivity-enhancing materials or equipment
increases, fueled by the increased availability of human ingenuity to
focus elsewhere than agriculture. As an economy increases in size and
complexity, the need for services grows. Increasing sophistication of
services follows from increased interaction of all sectors, as well as from
increasing application of human ingenuity to services provided. The
next figure schematically represents the changing nature of an economy
(not including direct government activities) as these changes develop.

The change from agricultural dominance to industrial dominance of
an economy is called industrialization. Industrial sector source energy
use in the United States was 15.7 quads and 47% of total US energy use
in 1950, but by the early 1990’s had grown to about 30 quads/yr, while
shrinking to only 37% of the US total.
Increased industrialization leads to increasing wealth and size of an
economy, which leads to an increase in the need for services and the size
of the services sector. Increasing dominance of the services sector is
termed “post-industrialization” by some, but will be called “transactionalization” here.
–7–

Growth in wealth is accompanied by increasing economic
transactions, and the increasing transactionalization of an economy leads
to increased volume and sophistication of services. Legal and political
structures also affect the transactional nature of economies and trade, and
legal and political factors can have major impacts on the level of
transactionalization of an economy. Transactions have to actually work
acceptably for growth to flourish.
In addition, industrial activities can be moved outside of country
boundaries (through direct or indirect ownership or by contract).
Translocation of industrial capacity outside of territorial boundaries also
typically leads to transactional (service sector) increases, as well as
reduces the in-country size of the industrial sector relative to other
sectors (potentially a double effect on service sector relative size).

Services Energy
This economic picture ignores much of the world of household activities,
although needs of households play a significant part in the growth of
energy use in the commercial sector. If the commercial sector accounts
for over 50% of the economic value added for a country, one might
wonder why the energy use is not higher than it is. One reason is that
residential and transportation sector energy is used by people who work
in the industrial and services sectors, and these people also use services
and industrial outputs in their lives and their homes. Residential and
transportation energy shares sum to about half of the energy total, but
measures of economic contributions of residents of homes is mostly
counted elsewhere.
The actual nature of the transition in uses of energy as the services
sector grows is interesting and will be explored using the United States
as an example, but in order to gain a better understanding of commercial
sector energy data in the United States, the primary data sources must be
examined and compared in the next section. The look at how the service
economy has changed over time in the United States will be covered in
the section following the material on data sources.

–8–

US Commercial Energy Data

C

ommercial sector detailed energy surveys have been conducted
by the EIA since the early 1980’s, and overall sector energy use
estimates from the EIA go back for decades earlier. Many
people are familiar with the Commercial Buildings Energy Consumption
Survey (CBECS, http://www.eia.gov/consumption/commercial/).
Detailed data from the latest CBECS survey for 2012 were released May
2016, and updated August 2016. The original detailed commercial data
were obtained as part of the Nonresidential Buildings Energy
Consumption Survey (NBECS) covering 1979 energy use that was
mostly about commercial buildings, and the inadequacy of trying to
include non-commercial buildings led to a focus later on just the
commercial sector (now CBECS).

CBECS Data
CBECS focuses on obtaining fairly detailed data on buildings in the
commercial sector. With the large diversity of commercial buildings,
this detail has been important for developing a better understanding of
energy use in this sector. Although the detail is valuable, there are

limitations to the CBECS results. The first limitation is that buildings
less than 1,000 square feet in size are not covered, and the second
limitation is that some fuels are not used as much and are harder to
handle well in a sample of a few thousand buildings that represent the
entire country. In addition to these limitations, there is some difficulty in
dealing with large campuses — including federal government sites that
have many buildings. Assigning federal facilities to specific sectors is
difficult enough, while actually knowing the energy use of specific
building types is often even more difficult. Large campuses overall,
including laboratory, corporate, health care, and educational sites, are
difficult to handle well with the individual building as the survey target.
CBECS has had adaptations over the years to attempt to better handle the
limitations. Steady improvements have occurred, but complete coverage
is difficult.
NBECS results did include buildings less than 1,000 sq ft, and those
results indicated these small buildings accounted for about 2% of total
energy use (although 15% or more of total buildings). A detailed survey
of California buildings (commercial end-use survey) also had results
indicating buildings in this size range accounted for about 2% of sectoral
energy use. The bottom line is that with this limitation, CBECS totals
should not account for about 2% of sectoral energy use (and floor area),
nor about 15% of total buildings.
The fuel sampling limitation is primarily related to bulk fuels like
coal, fuel oil, and propane. In addition, the large campus issue also
impacts fuel coverage to a degree. District heating systems energy is
covered by CBECS, but measurement of district heating energy use can
also be challenging, especially on large campuses with no building-level
meters. District cooling systems are also challenging, and district
cooling energy is not handled directly by CBECS.
Detailed data are collected on individual buildings in the CBECS
national survey, and then survey weights are developed to raise the
survey data sums to match known national totals using sophisticated
statistical methods. Breakouts of energy use (end uses) are developed
using energy modeling methods.
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SEDS Data
The State Energy Data System (SEDS) is the EIA’s comprehensive
repository of US state-level energy statistics (http://www.eia.gov/state/seds/).
SEDS provides a historical time series of prices, energy production,
consumption, and expenditures for the whole country and by state that
are defined as consistently as possible over time and across sectors for
analysis and forecasting purposes.
Some SEDS data are obtained directly from surveys conducted by
EIA, but many data are estimated using other available information. The
estimations are necessary for the compilation of “total energy” estimates.
In other words, SEDS focuses on covering energy use in total, which is
challenging given the wide array of energy sources and means of
distribution.
For the commercial sector, SEDS tracks fuel types as: coal, natural
gas, five types of petroleum products, biomass, geothermal energy, and
– 11 –

electricity. Hydroelectric power is a tabulated category, but direct use is
estimated to be so small as to be almost negligible nationally.

Comparing CBECS and SEDS Data
Some comparison of CBECS and SEDS data can help in understanding
the two data sets. CBECS is focused on building-level detail and is a
national sample survey conducted nominally every four years. SEDS is
focused on total sectoral energy use and is updated every year. The
figure below shows SEDS data over time for both delivered (site) energy
and source energy. CBECS delivered energy is shown for more recent
survey years.

The graph shows a trend of CBECS delivered energy approaching
closer to SEDS delivered energy over time. For the 2012 CBECS data,
the delivered energy total is 85% of the SEDS total, which is much closer
than the 1995 survey, which was 72%.
So 85% is a 15-point difference. Small buildings less than 1,000
square feet account for two of the 15. The energy sources not covered
appear to have even a smaller effect. The remainder, the bulk of the
difference, appears primarily due to difficulties posed by large campuses,
including federal sites.
– 12 –

Detailed examination of education subsector data from multiple
sources following the 1995 CBECS indicated many discrepancies
between CBECS and the independent sources. For one, CBECS
weighting of education buildings did not scale up to expected national
subsector building and floor area totals. Higher education campuses also
appeared to have much higher total energy use than implied by CBECS
data. The overall issue for 2012 appears to primarily be one of how to
treat large campuses and the buildings there. The 2012 results also seem
to indicate that, over time, the treatment of specific subsectors in the
survey has improved.
One related issue of importance is that, in trying to represent what
individual buildings are like, it may be inappropriate to allow the effects
of large centralized campus energy systems to unduly affect the
characterization of individual buildings. This quandary about building
representation is not trivial.
Large federal installations often have many buildings that would be
considered commercial. Most of the federal energy is on military bases,
which CBECS does not universally cover:
CBECS 2012 definition of “Commercial Building” extract:
Government buildings were included except for
buildings on sites with restricted access, such as some
military bases
The combination of limitations in coverage of restricted sites
(usually large campuses) and some additional large campus discrepancies
appears to account for almost all the remaining difference between
CBECS and SEDS for 2012.
US federal facilities energy data can currently be obtained from:
(http://ctsedwweb.ee.doe.gov/Annual/Report/Report.aspx)
For an overall commercial sectoral total, SEDS is most important to
consider. In addition, for state-level analysis SEDS is the most useful
source. For subsector detail, and for many other levels of detail, CBECS
is a critical resource for analysis and improving understanding of
commercial sector energy use.
– 13 –

Changes Over Time

A

s shown from SEDS-derived data displayed in the above figure,
commercial sector delivered (site) energy has grown from about
8% of the national total of delivered energy in 1960 to about
12% currently (2016). Commercial sector source energy has grown from
about 10% of the national total in 1960 to almost 20% currently. Source
energy is heavily driven by electricity use.

Electricity use in the commercial sector has grown from less than
20% of total delivered energy in the early 1960’s to over 50% in recent
years. Results from the 2012 CBECS indicate electricity is 61% of total
delivered (site) energy use, while SEDS shows a 55% share in 2012, but
reducing to 52% in 2014. These values indicate the tremendous growth
in electricity use over time in the commercial sector, which has led to the
large increase in percentage share of the national total of source energy
for the sector.

GDP Data
As the services sector of the
economy has grown, energy use
growth has been possibly even
more dramatic than the growth in
contribution to gross domestic
product (GDP).
Some limited
comparison with GDP growth will
be presented.
GDP data went through a major change in 1997, when data started
to be collected in accordance with the North American Industry
Classification System or NAICS. Quoting from Wikipedia (July 2016),
“[NAICS] is designed to be largely compatible with the United Nations
Statistical Office's International Standard Industrial Classification system
(ISIC). NAICS versions are released every five years.
With the first version, released in 1997, NAICS offered enhanced
coverage of the service sector, relative to SIC.”

Under the previous classification system, the Standard Industrial
Classification (SIC) code system for the United States, coverage of the
services sector was hampered by some limitations. SIC codes were
developed primarily to cover the industrial sector as it existed prior to
1970, i.e., during the industrialization phase of the American economy.
Data prior to 1997 are “framed” differently than data from 1997 onward,
and detailed data on GDP back to 1997 follows the NAICS-derived
frame. Detailed data can be obtained from:
http://www.bea.gov/itable/index.cfm

Industrial and Services GDP
Manufacturing has accounted for 60–70% of industrial sector GDP for
decades now, where the industrial sector also includes mining,
construction, and utilities. While manufacturing accounted for 16% of
total US GDP in 1997, that share has shrunk to only 12% by 2015. The
– 15 –

share of total US GDP for the industrial sector overall has shrunk from
23.2% in 1997 to 19.4% in 2015.
Services sector GDP accounted for 61.9% of total US GDP in 1997,
growing to 66.4% in 2015. Direct government activities (federal, state,
and local, but not entitlements) are not included in the services and
industrial sector
totals here, and
accounted for 13–
14% of total GDP
throughout this
period, while the
agricultural sector
accounted for the
remaining 1–2%.
The overall
breakout for 2015
is displayed in the
pie chart here.
Sectoral breakout of US GDP in 2015
Data from
the Statistical
Abstract for 1996, Table 686, Section 14, based on a report from the
Bureau of Economic Analysis, indicate that the services sector accounted
for 52.5% of total US GDP in 1980. The industrial-agricultural share
was reported to be 35.5%, and direct government activities were 12% in
1980. The 1980–2015 increase in the “service economy” is evident.

Industrial and Commercial Energy
Industrial sector energy use is also dominated by manufacturing, but just
the total sectoral energy use will be considered here briefly, together with
commercial sector energy use. The commercial sector is the services
sector, so commercial sector (buildings) energy use is, to a large extent,
services sector energy use.
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Source energy is important for both the commercial and industrial
sectors, since both sectors use a lot of electricity. Looking at SEDSreported source energy, the industrial sector share has decreased from
46% of total
source energy
use in 1965 to
30–32% of the
~100 quad/yr
national total in
2007–2014 (see
the figure here).
The share for
commercial
sector energy
has increased
from 11% to
18%.
Most in-country energy use for government activities is in the SEDS
commercial sector, with some additional energy use in all other sectors.
While total source energy use for the industrial sector in 2014 is
26% more than it was in 1965, commercial sector source energy use is
211% more, growing from 5.8 quads in 1965 to 18.1 quads in 2014. The
share of national total source energy use for the industrial sector in 2014
is 31% smaller than in 1965, and the commercial sector source energy
share is 71% larger.

Indicators
Energy and economic indicators can provide some additional
insights into changes over time in sectoral energy performance, and these
will be examined after digressions on the worldwide economy, US
economy, and matching of energy to GDP for service economy
subsectors.
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Worldwide Economy

M

uch could be said about what the worldwide data are telling
us about linkages between energy, GDP, and population, but
only a little will be suggested here. One suggestion is that
there appears to be some divergence in the linkage of GDP to energy
after 2002 (most biomass not included here), and energy appears more
correlated to population.
World trade also increased dramatically from 2002 until the
worldwide financial crisis that started in 2008, with reported exports at
$8.5 Trillion ($2009) in 2002, rising to $17.6 Trillion in 2008. After
2008, worldwide exports approximately follow the trend of GDP as
shown above. The apparent worldwide recent slowdown in both trade
and GDP has raised alarms in many quarters, and data for 2015 do not
look hopeful. Some suggest that the entire world economy is bankrupt.
Most of the slowdown impact comes from Europe, but that is a story for

another day. The decreases are worldwide but the European reductions
are most of the change seen in the data so far.
The one factor that seems to coincide with the impressive
worldwide growth in GDP and trade from 2002 until 2008 is growth in
over-the-counter (OTC) financial derivatives (mostly interest rate swaps,
but also credit default swaps and other instruments). The reported
“nominal” value of OTC derivatives rose from about $130 Trillion
(nominal dollars) worldwide in 2002 to almost $700 Trillion in 2008 (as
reported by the Bank for International Settlements, bis.org). The
resulting increased monetary flows may have facilitated increases in
business activities and trade.
Reports from China indicate that major cities are now cosmopolitan
centers of extensive services sector activities, and China is trying to
move its economy from industrial domination toward increases in
services and domestic consumption. The OECD, Organisation for
Economic Co-operation and Development, as part of its charter “to
achieve the highest sustainable economic growth and employment and a
rising standard of living in Member countries, while maintaining
financial stability, and thus to contribute to the development of the world
economy,” has been working to foster worldwide growth in the “service
economy” of countries since 1999.
The “financial crisis” of 2008 in the United States, which was
sparked by an implosion of equity and liquidity related to: unsound
lending and bundling of loans in (mostly) residential real estate; possibly
larcenous investment in financial derivatives related to those loans;
unacceptable financial oversight; and resulting intense pressure from
“short sellers;” also may have had some direct or indirect effects that
spread worldwide, as seen in the above chart, where worldwide GDP had
an anomalous sharp drop in 2009. A rebound is also shown, lasting until
possibly 2014, but another anomalous sharp drop appears to have
occurred in 2015. Thoughout, OTC derivatives seem a factor.
OTC derivatives having a nominal value of several times the total of
world GDP is a result of leveraging used in financial markets. One
might say that banking / investment institutions have leveraged the entire
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world economy (with extensive complicity of sovereign governments).
Growth in worldwide GDP and GDP per capita was impressive from
2002 through 2011, but GDP per capita stagnated after 2011, and now
GDP is showing weakness. Nominal value of OTC derivatives is not
really ever exchanged though — just canceled on the books (swapped
out) by the OTC parties when a transaction completes, and “real value”
is much less, but still large.
The “real” value of reported OTC derivatives (nominal dollars) was
over $6 Trillion by the end of 2002, growing to over $35 Trillion by the
end of 2008. This total value increased over $25 Trillion from the end of
2006 to the end of 2008, and appears to have been fueled mostly by
major interest rate moves of the Federal Reserve (impacting interest rate
swaps), but also by changes in value of credit default swaps (as in The
Big Short) and other instruments. Since $25 Trillion was 40% of total
world GDP in 2008, having this much money change hands in some
fashion possibly caused some upset in how the world economy worked.
Some holders of increased wealth may have had more than they knew
how to handle. The price of gold (one place to park excess wealth)
increased dramatically for a couple years, but over time the $25 Trillion
money transfer appears to have mostly worked its way back into the
world economy, and the desire to maintain some type of investment
growth may have helped fuel the “rebound” seen through 2014. Today
one question may be, is there too much (fiat) money chasing too few
assets in the world. Another concern is whether the very large money
transfers and “excess” have led to economic performance problems.
By the end of 2015, the “nominal” value of OTC derivatives had
reduced to under $500 Trillion, into territory not seen since 2006.
The purpose of this digression is to indicate that there was major
worldwide economic growth from 2002 to 2008, with a hiccup in 2009,
bouncing back until 2014, and apparently having another drop in 2015.
OTC financial derivatives appear to have influence, but the newness of
the large magnitude of such instruments means exact impact is not really
understood yet. These changes in the world economy will have some
small bearing on presentation of changes in US GDP shares, energy use,
and indicators presented in following sections.
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US Economy

C

hanges to the US economy, as indicated by GDP in the figure
above, have been less dramatic than for the world economy. US
GDP was not impacted nearly as much as the world economy by
the financial crisis of 2008–10, even though there was extensive turmoil
in US financial markets as a result of that crisis. In addition, the growth
of US GDP, while reasonably steady from 1960 to 2015, is much less
than growth in worldwide GDP during this time. Even if the scale of the
US plot is increased, the line is fairly smooth in comparison to the total
world plot. This may be partially due to use of US dollars to define
GDP, since currency fluctuations can be amplified by exogenous events
and manipulative strategies that impact movement of capital.
US GDP was 40% of total world GDP in 1960, but dropped to the
range of 25–30% for the period 1974–82, going above 30% during the
following few years, back to 25–30% from 1987–98, above 30% for a
few more years, and then after 2002 dropping to the 21–25% range from
2008 thru the present. US GDP in 2015 is 5.25 times what it was in
1960, while world GDP is 8.5 times as much (based on chained $2009).

The US GDP overall sectoral breakout has been presented briefly in
the previous section, Changes Over Time, Industrial and Services GDP.
More detail on the services sector, which accounts for two-thirds of total
US GDP in 2015, is covered next.

US Services Subsector GDP Breakout
The GDP of the US service economy was almost $12 Trillion (nominal
dollars) in 2015. The pie chart above shows the breakout of the major
contributors. The slice titled “Remainder” includes lodging, education,
warehousing / storage, and arts / entertainment / recreation subsectors.
Health also includes social assistance.
Real estate is the biggest slice of the pie, although the professional
and business services subsector is almost as large. Remember that GDP
is not expenditures, but value added. A breakout of consumer
expenditures in each of these categories would be different. Consumers
could be individuals, companies, or governments. Changes in percent
contribution to GDP from 1980 will be discussed briefly.
The world was different in 1980. John Lennon died, the hostage
rescue from Iran was botched, Pac-Man was introduced, the Empire
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struck back, personal computing was very limited, and email availability
was limited. Online shopping? Cell phones? The world was very
different than today, and the services sector was growing and changing.
Changes to the service economy will be discussed in terms of
percent change in contribution to the GDP of the service economy for
subsectors such as shown in the pie graph at the beginning of this
section. Keep in mind that GDP for all subsectors is growing from 1980
to 2015, but some grew faster than others, causing the shares of total
services sector GDP to change.
Health care and social assistance services accounted for almost a
10% share of services sector GDP in 1980. In 2015 this share had grown
to about 11%, and the growth was about 12% (10.85/9.7 – 1 ≈ 0.12).
The big share increases were for:




Accommodation and Food Services — + 216%
Professional and Business Services — +177%
Educational Services — + 138%

Accommodation (lodging) and food services increased from a share
of 1.4% to 4.4% of total services sector GDP. Education increased from
0.7% to 1.7%, and professional / business services increased from 6.6%
to 18.4% (and yes, this category does include lawyers, but in 2015 legal
services were only 10.5% of the total for this subsector). Administrative
support and management, direct and contracted, contributed 40% to this
subsector. Technical, scientific, and computer services were 47%.
The major share decreases were for:






Retail Trade: – 47%
Wholesale Trade: – 35%
Transportation: – 36%
Warehousing and Storage: – 56%
Other services: – 46%

Retail and wholesale trade are large contributors to GDP in 2015, so
the decreases from 1980 are significant changes overall in the economy.
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Transportation is less significant, but still noteworthy. Warehousing and
storage is a small part of the total, so this decrease is not really
significant to the economy. However, from 1997 to 2015, the
warehousing / storage share grew 27%. The decrease for “Other
services” may be mostly an artifact of the advent of the more detailed
NAICS classification system in 1997.
Real estate mostly retained its share, declining only 3%. The arts,
entertainment, and recreation subsector share grew by 5%. The
information services share, a subsector that includes books, movies,
music, broadcasting and communications, etc., grew by 38%. The share
for financial and insurance services grew by 17%.
Next the commercial sector (service economy) energy use shares in
2012 will be considered.
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Matching Energy to GDP

C

ommercial sector energy use is applied to commercial buildings,
and the categories of buildings are not necessarily a good match
to the categories of service economy subsectors. In addition,
there are some misalignments, such as for transportation, where a certain
amount of transportation subsector energy is used in buildings, but much
more is used in transportation vehicles.
The potential matching (or mismatching) of commercial subsector
energy use to subsector GDP will be considered in this section. Some
subsectors, such as Health Care, match nicely. Office buildings house
many subsectors, so some approximations are needed. The exclusion of
government sector direct energy use will be done as best possible.

The CBECS 2012 survey has data on over 50 commercial building
categories, as shown in the next table. “Subsectors” can be evaluated by
grouping these categories as needed.

Building Use Description
Education
College/University (educational buildings)
Elementary/Middle School
High School
Other Classroom Education
Preschool/Daycare
Food Sales
Grocery Store/Food Market
Convenience store (without Gas Station)
Convenience store (with Gas Station)
Other Food Sales
Food Service
Fast Food
Restaurant/Cafeteria
Bar/pub/lounge
Other Food Service
Health Care
Hospital/Inpatient Health
Nursing Home, Assisted Living
Clinic/Other Outpatient Health
Medical Office (non-diagnostic)
Medical Office (diagnostic)
Laboratory
Lodging
Hotel
Motel or Inn
Dormitory/Fraternity/Sorority
Other Lodging
Other (all other types, which is a very
wide range)
Religious Worship
Vacant

Office
Administrative/Professional Office
Bank / Financial Institution
Government Office
Mixed-Use Office
Other Office
Public Assembly
Entertainment/Culture
Library
Recreation
Social/Meeting
Other Public Assembly
Public Order and Safety
Fire Station/Police Station
Courthouse/probation office
Other public order and safety
Retail
Retail Stores (non-mall stores)
Other Retail
Vehicle Dealerships/Showrooms
Strip Mall
Enclosed Mall
Service
Vehicle Repair/Service Shop
Vehicle storage/maintenance
Post Office/Postal Center
Repair Shop
Other Service
Storage / Shipping / Warehouse
Self-storage
Non-Refrigerated Warehouse
Distribution/Shipping Center
Refrigerated Warehouse

The 1979 NBECS has much less category detail.
Perusal of the table above, and comparison with the service
subsector data presented previously, can indicate the challenges in
attempting to match energy to GDP.
Buildings category 2012 commercial sector energy use shares are
presented next, as needed to better understand the services sector.
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Services Subsector Energy Use
Government sector energy use was taken out as best possible by not
including Public Order and Safety facilities, government offices, or post
offices. These exclusions for this data set, in addition to the inherent
non-inclusion of some large campuses, appear to reasonably remove the
percent energy share used directly by the government sector of the
economy. Post offices might be argued by some, but are a very small
part of the total. The percentages in the figure above are for the service
economy, with a few mismatches as discussed below, and not including
the energy use for direct government activities.
The percentages are close to identical, whether source or site energy
is used, so the pie chart is valid for both site and source values.
Transportation energy and GDP tend to be bound up with
warehousing and storage, but the Warehousing – Shipping element in the
pie chart above is mostly for warehouses and some for shipping /
distribution centers. As mentioned previously, most transportation
energy is for vehicles and is not covered directly here.
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Real estate energy is similarly not covered here. Most real estate
GDP is related to housing, so it might be possible to consider the energy
used by houses that are sold each year, but that is not a direct relation.
Real estate transactions and GDP tend to be tied to the financial sector.
The financial sector is interesting, in that only a small amount of
energy is used to generate a lot of GDP. This is especially true since the
GDP total should probably also include real estate GDP. The combined
GDP for real estate and the remainder of the financial sector is over 30%
of the US economy GDP, yet energy use is 3% or less of the services
sector total.
This mismatch is one major reason why the use of economic energy
intensity — some type of ratio of energy and GDP — is inherently
flawed without major adjustments for industrial and services sector
makeup. In the United States in 2015, industrial sector energy use is
one-third of the national total, but industrial sector GDP is only one-fifth
of the national total. In addition, different industries have widely varying
energy-to-GDP ratios, as do services subsectors, as indicated by the
financial / real estate situation.
Health care and social assistance energy is similar to GDP share, so
GDP contribution appears balanced to energy share use. The important
health benefits provided by this sector typically have a small GDP
contribution, and assigning a value to health is always a tricky
proposition, but for energy use at least, GDP share matches energy use
share.
Retail and wholesale apportionment of energy is a little murky. It is
not clear that CBECS can be used to separate retail and wholesale
operations, so the assumption is made here that all “retail” facilities in
sum actually account for most retail and wholesale activities and
resulting energy use. Likely there are some warehouse facilities that are
missed in this assumption, but further assumptions were not felt to be
worth attempting. The resulting service economy energy use share of
about 17% in 2012 is similar to the combined GDP share of 17.8% in
2015.
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Office + Lab buildings in the non-governmental service economy,
and also excluding medical offices, are compared to the combined
Professional / Business Services and Information Services GDP. This is
a somewhat inexact match. The GDP share in 2015 is 25.6%, while the
energy use share in 2012 is 17.4%.
A similar inexact match is for “Other Services” GDP and energy
use, with the 2015 GDP share at 3.3% and the 2012 energy share at
3.8%.
Arts – Entertainment – Recreation Services, part of the Remainder
portion of the GDP pie, account for 1.5% of GDP in 2015, but 7.5% of
the 2012 energy use.
Food Services, which include groceries,
restaurants, and variations thereof, account for 3.1% of the 2015 GDP pie
and 12.6% of the 2012 energy use.
Warehousing and shipping facilities have a 7.2% energy use share
in 2012, while the total transportation GDP share in 2015 is 4.0%.
Lodging has a 6.2% energy share in 2012 and a 2015 GDP share of
1.25%. Education has a 12.7% energy share in 2012 and accounts for
1.7% of GDP in 2015.

Service Economy Energy and GDP
With the combined energy and GDP shares, we can see that the Financial
/ Real Estate subsector generates a lot of GDP for little energy use, while
the Education subsector uses a lot of energy and only generates a small
portion of GDP. There are plenty of reasons to discuss proper valuation
of the contribution of education, but for the discussion here, forgive the
narrow focus that ignores all additional value considerations that could
be raised, for all subsectors.
Some of the subsectors have shares of GDP commensurate with
shares of energy use. These subsectors would be natural candidates for
use of economic energy efficiency (GDP-energy ratios) as useful
indicators of performance. Unfortunately, most sectors are not like this,
as shown in the chart below for 2015.
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For values close to ‘1’ here, the notion of economic energy
efficiency could be applied, and one might expect reasonable parity in
making comparisons among countries for those subsectors. However,
with many subsectors much larger and some lower, serious discrepancies
in any evaluation of economic energy efficiency performance are likely.
The comparison of energy-GDP ratios of any type, without some type of
adjustment for these large differences in subsector energy requirements,
should raise serious questions about validity of any performance
comparisons (not to mention the industrial sector disparity).
The Financial / Real Estate subsector economic energy efficiency is
10–100 times better than all other subsectors. The more an economy is
composed of this subsector, the easier it will be to achieve higher
“efficiency” performance based on energy-GDP ratios. The mix of
subsectors in the service economy of a country will have an impact on
energy use, and linkages to “efficiency” are not truly known at this time.
Energy performance indicators will be considered next.
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GDP Indicators

S

ectoral energy performance requires a different mindset than
buildings energy performance.
Multi-use buildings are a
complication for evaluating the energy performance of individual
buildings, but sectoral energy performance is a million times more
complex, if approached from the perspective of amalgamating
performance of many individual buildings.
Economic performance of entire economies is not evaluated by
surveying the performance of individual companies and finding means to
amalgamate the individual performances into a cohesive whole. Instead
overall economic performance indicators are developed to better
understand the overall picture, and more detailed data and evaluation are
used to dig deeper once the overall performance is known.
Commercial sector energy performance has some issues related to
the misalignments discussed earlier. Should transportation buildings
energy use be combined with transportation services vehicular energy
use to develop a transportation services subsector energy performance?
Freight-moving, business-people-moving, and nonbusiness-peoplemoving should be separate? Transportation will be ignored at times.
Similarly, should the Government sector be treated separately?
Treatment of large campuses is a known difficulty, and the education
subsector has many large campuses. Should education be treated in a
different way?
For the discussion and exploration here, the government sector will
be separated as best possible with the available data, as needed when
services subsectors data are presented. Unfortunately, for state-level
data, that division is not known, so for state-level data, government
services will be included as part of the services sector.
Thus far the consideration of economic energy performance has
only dealt with percentages, so some actual values will be next.

Energy‐GDP Ratios
The source energy required to generate each dollar of GDP is often
termed economic energy performance, and is one type of indicator. The
notion of site energy for this indicator is not valid IF one wants to
compare to typical values generated for countries, since the indicator for
the overall economy is the total energy use of an entire country (which is
total primary or source energy).
Service economy subsectors (nongovernmental) in the United States
that require 5,000 Btu or more to generate each dollar of GDP (nominal
dollars) in the year 2015 are: education, arts / entertainment / recreation,
lodging, and warehousing / distribution center. Fortunately for overall
performance, these subsectors are a small part of total GDP (a little over
3% of the US total in 2015). Food services are almost 5, and food
services are another 2% of US GDP in 2015.
The low economic energy intensity subsectors: Health, Financial /
Real Estate, Office+Labs (professional, technical, business, information/
computers), Retail / Wholesale, and Other — account for 59% of US
GDP in 2015 (88% of nongovernmental services GDP).
The services sectors, or the service economies, of developed
countries tend to be dominated by these same low economic energy
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intensity subsectors as the United States. Thus, the more a country’s
economy is dominated by the services sector, the more energy use
divided by GDP will be lowered.
The overall 2015 US source energy to GDP ratio is 5.4 kBtu per
dollar of GDP (nominal dollars). The value for the industrial sector
overall is 8.8, and the value for the services sector overall is 1.2. The
value of 5.4 for the entire country is dependent also on residential,
transportation, and government sector energy use.
Financial / Real Estate comes in at 0.08, while the combined
business / professional subsector (Office+Labs) is 0.8 kBtu per $GDP in
2015. A rough estimate of the governmental direct services sector is 0.2,
so higher shares of the overall GDP contributed by government also tend
to lower the value for an entire country.
Recall the dramatic growth in GDP from 2002 onward for the
world. Using nominal dollars, the overall US energy-GDP ratio in 2002
was 8.9, dropping to 5.9 by 2012. The EIA provides energy-GDP ratios
for countries and regions around the world, based on “market rates” and
chained $2005, which causes some additional variation from nominal
dollars. For the data used here, the 2005 overall US value is 7.7, while
the EIA value in 2005 is 7.9, which appears close enough for the
discussion here. EIA data can currently be accessed at:
https://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=92&pid=46
&aid=2&cid=regions&syid=2005&eyid=2011&unit=BTUPUSDM

Sectoral breakouts indicate that the “economic” energy performance
of a country, based on energy-GDP ratios, can be expected to improve if
industrial activities can be shifted out of the country. Improvement also
will be influenced by relative shares of GDP held by Financial and Real
Estate subsectors, or other lower-energy subsectors. Care should be
exercised in placing too much trust in the ability of these ratios to
indicate the energy performance of economies.

Commercial Sector Energy and GDP
The service economy of the United States is reported here as having an
Energy-GDP ratio of about 1.2 kBtu per nominal dollar of GDP for the
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service sector in 2015, while the value for the whole country is 5.4. An
additional indicator that can be considered is commercial sector energy
compared to total GDP values.
The detailed SEDS data include state-level total GDP in chained
$2009 (https://www.eia.gov/state/seds/seds-data-complete.cfm) from
1997 through 2014 currently (September 2016). Comparison of
commercial sector energy to total GDP is one other potential indicator
that can be used to understand the commercial sector performance.
For the United States as a whole, commercial sector GDP —
including government services, is over 75% of total GDP in 2015 or
2014. Commercial sector energy per dollar of commercial GDP is about
1.2 kBtu per nominal dollar GDP. US commercial sector energy use
divided by total US GDP in chained $2009 is 1.14 kBtu per dollar in
2014, decreasing from 1.42 in 1997 (graph below).

The increasing contribution of the service economy (commercial
sector) to overall GDP, and the increase in GDP per capita from 2002–
2011 mainly cause the downward trend here. GDP weaknesses from
2006–2010 caused a slight upward trend for a while, but after 2010 the
trend was downward again. Two main factors determining the value of
economic energy efficiency for the commercial sector are examined next.
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Two Determining Factors
As mentioned previously, while worldwide GDP appears to have taken a
sharp dip in 2015, US GDP continued to move higher. GDP for both
took a dip after 2008. As shown in the graph above, US GDP per capita
has also continued to rise slightly through 2015.
Commercial sector source energy use per capita (red line in graph)
was remarkably steady from 1999–2008, but after 2008 appears to be
declining. Thus, the steady decline in energy use per dollar of GDP
displayed in the previous graph was due to increasing GDP per capita
from 1997–2008, while after 2008 this value is affected by both
increasing GDP per capita and decreasing commercial sector energy use
per capita.
While some may wish to have credit for decreasing energy use per
GDP dollar, achieving decreases in per-capita energy is considered more
of an accomplishment here.
Note that the values of kBtu per $GDP (previous graph) are exactly
equal to per-capita energy divided by GDP per capita (Million Btu per
capita divided by thousands of GDP dollars per capita equals thousands
of Btu per $).
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Energy Indicators

W

ith over 50 years of state-level commercial sector data, and
multiple CBECS data sets over a 30+ year history, what can
the data tell us about commercial sector energy use? First the
per-capita energy for all sectors will be checked, and then the state-level
data will be checked to see what is happening to per-capita non-weatherdependent and weather-dependent energy use for the commercial sector
(including government energy use in this sector).

Sectoral Energy Use per Capita
Another means of “normalizing” energy use to some type of common
base is to divide by the number of people in a country. GDP per capita is
one example of using population to normalize GDP of different countries
or regions. In this instance, total source energy use per capita will be
used to examine changes in the energy use of end-use sectors over time.
The four major end-use sectors are industrial, transportation,
residential, and commercial. The graph above shows the annual source

energy use per person (per capita) in the United States for each sector
from 1960 through 2015. Government energy use is included.
The major drop in industrial sector source energy use per capita
after the oil price spikes in the 1970’s and early 80’s, appears to be part
of the gradual change of the “Factory Belt” into what is now called the
“Rust Belt.” Energy intensive metals industries began to shut down
operations in the United States and started to move elsewhere.
Innovations and improvements to reduce energy use were widespread.
Following the North American Free Trade Agreement that came into
force in 1994, as well as some additional growth in other trade
agreements, the approximately steady US industrial per-capita energy
use from 1988–1995 started a decline that lasted from the mid-1990’s
until about 2010. Industrial outsourcing grew noticeably after 1998, and
many factors have come together to reduce US industrial per-capita
energy use from 1980 to the present. Renewables proponents have
gushed about some kind of “push” to renewables, but structural change
in the economy appears to be much more of an influence.
Transportation per-capita source energy use has been reasonably
steady from the late 1970’s until the economic meltdown in 2008, with
two other dips after the major oil price spikes of the early and late
1970’s. The drop after 2008 appears to have lasted almost a decade, and
the causes would be interesting to explore. Yale Climate Connections
indicates people are driving personal vehicles less, air travel declined,
and vehicle efficiency keeps increasing (http://www.yaleclimateconnections.org/
2013/05/whats-behind-the-good-news-declines-in-u-s-co2-emissions/).
Residential sector per-capita source energy use has remained
remarkably steady from the early 1970’s through 2005, and after 2005
appears to be on a slight downward trend. Commercial sector per-capita
source energy use grew steadily from 1960 through the year 2000, but
could be said to be reasonably steady from 1998–2008. Beginning with
the economic crisis of 2008–2010, a slight downtrend in commercial
sector per-capita source energy use is seen.
Declines in all sectors after the worldwide economic crisis of 2008–
2010 in per-capita source energy use are evident, but the commercial
sector drop is smaller than the other sectors. Economic effects and
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changes in the economy have had noticeable impacts on national energy
use.
Previous work on modeling entire building sectors to develop
energy performance scoring for states has shown that weather-dependent
and non-weather-dependent energy use can be modeled with high levels
of correlation (e.g., http://epminst.us/states/st09ecgrade.htm). The previous
work has identified energy use per capita and energy use per capitadegree-day to be determinable with highly significant results for entire
building sectors in the United States using state-level data.

SEDS Results
SEDS data are available back to 1960 on energy use, expenditures, and
prices for the commercial sector for several fuel types and totals of
source energy and site energy. GDP data for states are available back to
1997 using chained $2009 (total GDP for the state).
Population-weighted heating and cooling degree-days by state are
available from the National Climatic Data Center (NCDC) of the
National Oceanic and Atmospheric Administration (NOAA):
ftp://ftp.cpc.ncep.noaa.gov/htdocs/products/analysis_monitoring/cdus/degree_days/archives/

Reliable degree-day data from this URL are available from 1999
onward. Data for 1985, 1990, and 1995 used to be available, but no
longer seem to be. EPMI does have the earlier data. Using the SEDS
and NOAA data, a simple multidimensional energy model is developed
for the three key factors of number of people, heating degree-days, and
cooling degree-days, for the years 1985, 1995, 2005, and 2014.
The analysis method used is called multiple-parameter linear
regression, a statistical method. There are other methods that could be
used, but experience has shown that multiple linear regression best meets
the need, especially for populations of buildings.4 The Energy Star ®
performance rating system (Portfolio Manager performance scoring
under energystar.gov) is typically based on multiple linear regression
results for several discrete specific populations of buildings.
4

Readers can consult the report Investigation of Metered Data Analysis
Methods, 1989, Section 2.1. http://epminst.us/ORNLproducts/CON-279.htm
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Degree-days are a means of summing up outdoor temperature
effects on heating and cooling over time. The degree-days from the
National Climatic Data Center are the population-weighted degree-days
(DD) for each state, both heating and cooling, with a base temperature of
65ºF (readers can consult http://degreedays.net, “Degree days for
beginners,” for information on degree-days). Additional complexity
occurs in that the degree-day effects must also be per person, so the
actual analysis factors used are:
1. Population of each state (# of people)
2. Population-weighted heating degree-days (HDD) of each
state times the number of people in the state
3. Population-weighted cooling degree-days (CDD) of each
state times the number of people in the state
Simplistically, the regression analysis returns the average energy
use of 50 states plus the District of Columbia (central trend for all
combined) calculated for each factor, separating the aggregate weatherdependent effects for heating- and cooling-degree-days (HDD and CDD)
from the non-weather-dependent aggregate per-capita use.
All parameters are highly significant, with p < 0.0001 for all
parameters in all regressions, but the intercept is highly nonsignificant
for all (p = 0.31–0.996). With highly nonsignificant intercepts (likely
zero), the regressions are run again without an intercept. The
coefficients for the other parameters remain mostly the same when there
is no intercept. This approach can be preferable, but the magnitude of
the parameter coefficients, and the changes over time are large enough
that the trends are definite regardless.
R-square and the F-statistic are technically not defined for a
regression without an intercept, but they can be estimated. Estimated Rsquare values for these regressions are 0.97–0.99, and for F-values are
500–1000 (p < 0.0001 for all).
The results of the regression analysis provide a best estimate of the
central trends for normalized annual source energy use required for HDD
dependence, CDD dependence, and non-weather-dependent energy use
of the entire commercial sector in the United States for each specific year
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analyzed. Weather-dependent energy becomes normalized per capitadegree-day, and other energy use is per capita.
Total state-level commercial sector primary energy use per capita or
per dollar of GDP have a variation that follows weather effects to a large
degree. Hawaii and California are on the low side always, and states like
Montana, Idaho, and Alaska are on the high side on a per-capita basis.
Alaska is lower when GDP is the normalizing factor, but far northern tier
states in the West tend to be on the high side generally.
In looking at the entire sector, the decreasing trend in total sectoral
source energy use per dollar of GDP has been presented previously here.
For HDD effects and CDD effects, the general trends (as shown in the
table below) are that per-capita-degree-day source energy has been
increasing substantially over 30 years, while per-capita source energy
use for non-degree-day-dependent load effects has been decreasing
substantially.
US HDD-effect, CDD-effect, and Other Energy Use Factors
Other
energy use,
Million Btu
per capita

HDD-effect,
kBtu per
capitadegree-day

CDD-effect,
kBtu per
capitadegree-day

Total source
energy use,
Million Btu
per capita

1985

27.6

2.8

6.6

48

1995

23.7

4.3

9.3

55

2005

20.5

5.9

9.9

60

2014

14.7

6.1

10.6

57

Year

While the “other” energy use per person in 2014 has almost reduced
to half of what it was in 1985, the HDD and CDD factors have
approximately doubled. Total source energy use per capita has recently
started to decrease though (direct SEDS data, not modeled).
The increase in population and commercial building floor area in the
South would lead to expectations for a CDD factor increase, but the even
larger (percentagewise) HDD factor increase is a surprise. One major
influence here is the increase in use of electric space heating. Additional
surprises on electric space heating are covered in the section on End-Use
Energy. The increases for the HDD and CDD factors appear to be
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leveling off when comparing 2014 to 2005, and perhaps in a few more
years these factors may start reducing. The bottom line is that one main
underlying cause of the steady increase in commercial sector source
energy use for decades (until recently) is the increasing HDD and CDD
effects for source energy use being larger than the achieved decreases for
“other” energy.
Before exploring the magnitudes of the changes indicated by the
model coefficients, indicators from CBECS will be examined.

CBECS Issues
Recall the previous mention of CBECS results improving over time, and
also that CBECS does not really capture the entire commercial sector.
Previous CBECS results from the surveys that best match the years of
1985, 1995, 2005, and 2014 used for developing the SEDS results
presented above will be used to examine what can be learned from
combining results from these two sources. Those CBECS results will be
from the 1986, 1995, 2003, and 2012 surveys, and some adjustment of
those results will be needed in order to combine results from both
sources.
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Relative to CBECS results improving over time, one interesting
example will be given for the 1986 survey. In the figure above, currently
available on the EIA CBECS website, the CBECS results on total
commercial sector floorspace and total number of commercial buildings
that are greater than 1,000 ft2 in size are presented.
The data points in the figure for 1986 indicate a little more than four
million buildings and almost 60 billion ft2 of floor area. In the official
published report on the 1986 survey, released for printing May 1989, the
total number of buildings is tabulated at 3.99 million buildings and 56.8
billion ft2. The 1986 public use microdata available from the CBECS
website are indicated to last be updated in 2009, and using these data to
calculate the same values leads to 4.154 million buildings and 58.5
billion ft2, matching what is presented in the above figure. Over time a
change was made to the data that led to an increase in the estimated
number of buildings of 4% and an increase in floor area of 3% for the
commercial sector.
The importance of a good understanding of floor area, in the context
of commercial sector energy use analysis, cannot be over-emphasized.
The figure above from the EIA website displays number of buildings and
total estimated gross floor area over the years, and these two parameters
are highly important. Previous discussion here has indicated some
limitations in CBECS related to floor area, and unfortunately for earlier
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CBECS data, floor area was highly masked — to the point of introducing
up to a factor of two errors in actual floor area. Current CBECS data
(2012 and 2003) do not carry floor area masking to this extreme, but for
1986, the integrity of the data for analyzing energy use is not good.
As mentioned at the beginning of the Introduction, energy use in
commercial buildings is complicated to understand. The process of
assessing building energy use and identifying potential efficiency
improvements is complicated and has several steps. Different levels of
assessment can be undertaken, with varying requirements and activities.
Energy use intensities (EUIs) combine building characteristics with
energy data to provide a simple benchmark for initial assessment of the
energy performance of buildings, and EUIs are also often used to
determine policies and assess energy program performance.
The most common normalizing characteristic, and one that is
typically reported for CBECS tabulated results, is gross floor area.
These EUIs can be based on site energy use or source energy use.
Energy auditors tend to favor site energy use, while policy analysts often
favor source energy. CBECS typically only reports site energy use and
site energy EUIs, but source energy and EUIs can be calculated from the
data.
Source energy use calculated from the 1986 CBECS data, using a
SEDS-derived 1986 commercial sector national source energy
conversion for electricity (the fuel most critical to adjust in calculating
source energy use), is 10.406 quads (weighted sum). The SEDS value
for 1986 is 11.591 quads (CBECS is 89.8% of this, actually better than in
2012).
Attempting to calculate floor area EUIs for the commercial sector,
based on the 1986 CBECS with highly masked floor area data, and also
some questionable energy use data, leads to the following observations.
The maximum source energy EUI is over 50 Million Btu per sq ft per
year (an unbelievable high number). About 1% of the sample has a
source EUI at zero or near zero, which is again difficult to believe. The
weighted average source EUI is 230.94 kBtu/ft2-yr, which if multiplied
by the total weighted sum of CBECS floor area for 1986, leads to a
calculated sectoral source energy use total of 13.6 quads — a value 31%
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higher than the CBECS-derived total and 17% higher than the SEDS
total. While perfect agreement with CBECS derived values is not
expected, a 31% difference means there is a severe data integrity issue.
The extreme outlier data points (a significant part of the data
integrity issues) can be eliminated by “trimming the tails” of the data set,
and tail trimming is a good way to see if the central data tendencies are
different than the entire data set with the known unacceptable outlier
values. Since the data set is heavily skewed (skewness of the EUI
distribution is 27.4), trimming the tails can be more effectively done
based on the log of EUI. The skewness of the natural log of EUI is
negative 1.08, much closer to zero than 27.4.
Deleting all CBECS data records that are outside +/- two standard
deviations from the mean of Ln(EUI) deletes 464 out of 6072
observations (7.6%). The mean EUI for this trimmed set is 190.3, which
is 82% of the mean for the whole data set. Clearly, the central tendency
of EUI from the trimmed set is much different than what is calculated for
the entire data set. However, multiplying this EUI times total CBECS
floor area leads to a total sectoral energy use that is still 7% higher than
the CBECS total, so some additional trimming could be checked.
Additional trimming leads to even lower average EUI.
Dividing the 1986 CBECS total source energy of 10.406 quads by
total CBECS floor area of 58.488 billion ft2 leads to a bulk sum ratio of
177.9 kBtu/ft2-yr, which should be close to the average EUI calculated
based on the distribution of buildings in the sample, if the data set has
reasonable integrity. Unfortunately, extreme masking of floor area is not
conducive to integrity as far as EUI is concerned.

CBECS Results
By the time of the 1995 CBECS, the extreme masking of floor area is
still in use, but the weighted average source energy EUI based on floor
area is now only 21% higher than the bulk sum ratio, instead of 30%.
Given the concerns about calculating EUIs based on highly masked
floor area values, a decision is made here to use the bulk sum ratio EUI
for planned adjustments, and that method will be used even for the 2003
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and 2012 data, to maintain consistency. Keep in mind that the bulk sum
ratio is more truly an overall commercial sector EUI.
The planned adjustment is to calculate total commercial sector floor
area as SEDS commercial source energy divided by CBECS bulk sum
ratio source EUI. These new floor area values (labeled Adjusted in the
figure below) indicate that US total commercial sector floor area has
remained close to a value of 310 ft2 per capita for about 25 years. The
floor area per capita results for the CBECS data are also shown. CBECS
is known to not account for the entire commercial sector, as covered
previously here, and in addition has had fluctuating definitions of what
constitutes the “commercial sector” covered by the survey. The dip in
the curve is part of the wavering definition.

The bulk sum ratio source energy EUI, CBECS-derived source
energy total for the sector divided by the CBECS total floor area, is
found to be substantially lower than the “average” CBECS-derived
source energy EUI calculated using the survey weighting factors. The
bulk sum ratio EUI can be determined with much more confidence than
an average EUI determined using survey weights and sample data with
heavy masking of floor area data and some questionable energy use data.
The data results for the area calculations are shown in the next table.
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CBECS Bulk
sum ratio
source
energy EUI,
kBtu/sq‐ft

SEDS
Source
Energy
Total,
quads

Adjusted
Floor Area
Total,
Billions
sq ft

Commercial
Sector Floor
Area per
Capita,
square feet

US
Population

177.9

11.591

65.2

271

240,132,887

1995

180.3

14.689

81.5

310

262,803,276

2003

195.4

17.334

88.7

308

287,625,193

2012

177.7

17.335

97.6

311

314,102,623

Year
1986

The next figure shows CBECS and adjusted sector floor area.

While the CBECS curve does not seem believable, there were some
sectoral scope issues involved. Since CBECS has never captured the
entire commercial sector anyway, it is interesting to note that using
CBECS results to calculate an “adjusted” sectoral floor area does appear
to lead to reasonable results, and these adjusted floor area values may be
useful if one is trying to understand the entire commercial sector floor
area that has scope to possibly match EIA total sectoral energy data from
other sources like SEDS.
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As an aside, the European Union plus two other countries (EU) in
2011 had about 130 ft2 of commercial floor area per capita (~12 m2 per
capita). For the total buildings sector in the United States (residential
plus commercial), per-capita floor area is about 1,050 ft2. The total
buildings sector in 2011 for the EU was about 530 ft2 per capita (about
50 m2 per capita).5

Floor Area Indicators
Changes in the mix of building types can have some influence on
commercial sector energy use, so a comparison is presented between
1986 and 2012 CBECS results. The figure above shows the percentages
of total sectoral floor area held by different subsectors, as determined
from the 2012 CBECS results. As noted previously, the “government”
slice of the sector does not include education facilities, even though most
education floor area is actually owned by government entities. The 2012
data detail allows a fairly good breakout by the subsectors as shown.
5

EU floor area data derived from results in the report, Europe’s Buildings
under The Microscope, © Buildings Performance Institute Europe (BPIE),
http://bpie.eu/uploads/lib/document/attachment/20/HR_EU_B_under_microscope_study.pdf
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Floor area EUIs are the main indicator needed to understand
subsector impacts on total sectoral energy use, and the above figure
provides the 2012 bulk sum ratio gross-floor-area-based source energy
EUIs for the subsectors used here. The source energy totals and floor
area totals for each subsector are based on the 2012 CBECS data, and the
sum of all subsector floor areas equals the 2012 CBECS sum of 88.2
billion square feet. Floor areas for 2012 and 1986 are compared below.
2012
1986
floor area ,
2
billions ft

US Commercial Subsector
Retail / Wholesale
Office (not medical or financial) + Labs
Financial
Health
Education
Food Services
Lodging
Arts - Entertainment - Recreation
Warehousing - Shipping
Other Services
Religious worship
Vacant
Other
Government
TOTAL
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11.40
12.31
1.57
5.71
12.41
3.18
4.45
5.53
13.13
4.74
4.76
3.26
1.54
4.19
88.18

9.02
7.15
1.00
3.29
7.31
2.00
2.18
3.99
9.06
3.86
3.40
2.95
1.44
1.90
58.55

Change
billions
2
ft
%
2.38
5.17
0.56
2.42
5.10
1.18
2.27
1.54
4.07
0.88
1.36
0.31
0.10
2.29
29.63

26.4%
72.3%
56.3%
73.3%
69.8%
59.0%
104.1%
38.6%
44.9%
22.7%
40.0%
10.5%
6.9%
120.5%
50.6%

The SEDS total commercial sector reported source energy use in
2012 was 17.335 quads, and in 1986 was about 11.828 quads, for an
increase of 5.507 quads over those two and a half decades. Taking the
floor area increases from CBECS in the table above, and multiplying by
the 2012 sum ratio source EUIs (as displayed in the previous figure), the
changes in energy use for each of the subsectors can be estimated. The
EUIs and subsector totals are shown in the table below. The sum of all
the subsectors is 5.512 quads, indicating good agreement with the SEDS
difference.
Increase in Source Energy Use, by Subsector, 1986–2012
EUI,
kBtu/ft2

Commercial Subsector

Increase in source
energy use, quads

Retail / Wholesale

214

0.510

Office (not medical or financial) + Labs

199

1.029

Financial

195

0.110

Health

322

0.779

Education

144

0.736

Food Services

557

0.657

Lodging

197

0.447

Arts - Entertainment - Recreation

190

0.293

Warehousing - Shipping

77

0.312

113

0.099

72

0.098

Vacant

29

0.009

Other

273

0.027

Government

178

Other Services
Religious worship

TOTAL

0.407
5.512

The Office+Labs, Health, Education, and Food Services subsectors
have the largest increases, accounting for about 60% of the energy use
increase over that time. The next largest impacts come from Retail /
Wholesale, Lodging, Government, and Warehouse, accounting for an
additional 30% of the increase.
These results provide a good estimate of the impact of subsectors on
the energy use increase. An additional comparison to 1986 energy use is
made by multiplying the 2012 CBECS-derived subsector sum ratio EUIs
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by the total 1986 CBECS floor area for each subsector. The energy use
sum for all the subsectors is 10.2 quads using this calculation, while a
total source energy use of 10.4 quads is obtained using the CBECS 1986
microdata. This comparison indicates the subsectors appear to be quite
similar as far as EUI goes for 1986 and 2012, with possibly a slight
reduction by 2012.
SPECIAL NOTE: For electricity, the 2012 CBECS also reports
source energy, but the national average electricity source multiplier used
by EIA for the reported 2012 data is 3.05, while the source multiplier
used in this document is 3.01, as derived from the SEDS data.

Summary
Over the last three decades, total commercial sector floor area per capita,
based on adjusted floor area totals developed here, has leveled off and
remained remarkably steady for 25 years, at around 310 square feet per
capita. US population has been increasing over this time, so total floor
area has increased, and is estimated here to be about 100 billion square
feet for the entire commercial sector in 2016. For an estimated
population of 323,889,854 people as of July 1, 2016, total sectoral floor
area would be 100.4 billion square feet as of that date, using 310 square
feet per capita.
Extrapolation of the CBECS results appears to indicate about 90
billion square feet in 2016 for the CBECS population, which is not the
entire sector as tracked by other EIA sources.
Larger than average increases in floor area for several subsectors are
indicative of the increasing share of the economy held by the services
sector. Professional / technical services, as delineated here by a large
portion of the office buildings population plus laboratory facilities, led to
the largest energy use increase from 1986 to 2012. The next largest
energy use increases were for Health, Education, and Food Services,
services that support the increasing size of the service economy and
demand for well-being induced by economic growth. Recent news
reports have indicated possible saturation in the food services sector,
with stores beginning to close, but any trend will require more time to
understand what is happening there.
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Lodging and the Wholesale / Retail subsectors also had significant
energy use increases, and these subsectors also support growth in the
service economy. Lodging had the second-largest percentage increase in
floor area (after government), while wholesale / retail had a much smaller
than average floor area increase. The energy use increase for wholesale /
retail was still fairly large since the existing base of floorspace in this
subsector was large to start (in 1986).
And yes, government had the largest percentage increase in floor
area and also had a significant increase in energy use for the subsector
(even while not counting schools). Effects on the economy from
government growth are only now starting to be sorted out rationally, and
will not be mentioned further here.
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End‐Use Energy

E

nd uses of energy are also important to understand to a degree,
and for energy audits of commercial buildings, some type of enduse breakout is important to understanding energy use in a
building and for evaluating potential savings of many types of energy
improvement measures.
The International Energy Agency (IEA) developed the Source Book
for Energy Auditors (Vol. 1 and 2) under Annex 11 of the buildings and
community systems program in the mid-1980s.6 The source book covers
many topics of use to energy auditors, including a presentation on energy
bill analysis (Chap. 3, Vol. 1), “Disaggregation of Energy Consumption.”
As stated there, “In the context of energy auditing, disaggregation is the
process of dividing the building energy use, demand, or costs into
components. … The primary purposes of disaggregation are to”
1.
2.

Estimate energy end use consumptions and identify
promising areas of retrofit, and
Develop a means of cross-checking energy calculations and
models.

Cross-checking is important in any energy analysis, including
sectoral analysis. Cross-checking led to the development of the adjusted
floor area values and sum ratio EUIs presented here.
Quoting again from Chap. 3 of the Source Book, “The level of detail
of disaggregation can range from a simple to a rather complex
breakdown. . . . The separation of energy into different fuels, and within
fuels to a weather and a nonweather-sensitive (baseload) component, is a
simple breakdown, achievable with a minimal effort and error”
The results presented previously here were for weather-dependent
and non-dependent energy use model coefficients for the entire
commercial sector, using state-level data to determine the trends
resulting from a multivariate regression for specific years. Overall Rsquare of the yearly models ranged from 0.97–0.99, and the coefficients
and SEDS annual per-capita energy are presented again in the next table.
6

Go to: http://www.iea-ebc.org/projects/completed-projects/ebc-annex-11/

US Commercial Sector HDD-dependent, CDD-dependent, and
Other Energy Use Factors, with SEDS per-capita Energy
Other
energy use,
Million Btu
per capita

HDD-effect,
kBtu per
capitadegree-day

CDD-effect,
kBtu per
capitadegree-day

Total source
energy use,
Million Btu
per capita

1985

27.6

2.8

6.6

48

1995

23.7

4.3

9.3

55

2005

20.5

5.9

9.9

60

2014

14.7

6.1

10.6

57

Year

These SEDS-derived coefficients for “Other” energy use indicate
that this end-use category in 1985 accounted for 58% of total commercial
sector source energy use, decreasing to 43%, 34%, and 26% of the
sectoral total in 1995, 2005, and finally in 2014. This steady decrease is
large. This decrease appears to be caused mainly by major improvements in lighting technology and extensive lighting retrofits.
Secondary effects of reducing lighting or other internal energy loads
(Other energy use) in commercial buildings is to increase heating energy
and reduce cooling energy use. Quoting from the Abstract of a 1998
report by the Berkeley Lab,7
“Reductions in lighting energy have secondary effects on cooling and
heating energy consumption. In general, lighting energy reductions
increase heating and decrease cooling requirements of a building.”

The results of the SEDS analysis are for the overall effects for the
entire U.S. commercial sector.
The analysis here shows the weather-dependent energy use
increasing for both heating- and cooling-degree-day dependence, with
the heating factor in 2014 being 2.2 times the factor in 1985, while the
cooling factor in 2014 is 1.6 times the value in 1985. Heating
dependence increased more than cooling dependence over this time, but
both increased compared to 1985.

7

For more detail, consult the report, Interactions Between Lighting and
Space Conditioning Energy Use in U.S. Commercial Buildings, LBNL-39795,
http://eetd.lbl.gov/sites/all/files/lbnl-39795.pdf
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Those who have examined the CBECS results on end-use energy
estimates may have concerns about the implications of the SEDS-derived
HDD and CDD dependence of commercial sector energy use, and that
concern is justified. The magnitude of HDD-dependent source energy
use in 2014 is staggering — 50%, as shown in the table below.
HDD-dependent, CDD-dependent, and Other Energy Use
Other
energy use,
quads

HDD-effect
energy use,
quads

CDD-effect
energy use,
quads

Total
energy use,
quads

1985

6.52

3.07

1.86

11.46

1995

6.31

5.18

3.20

14.69

2005

6.11

7.59

4.12

17.82

2014
2014%

4.74
26.1%

9.00
49.6%

4.40
24.3%

18.15
100%

Year

No way can this be, according to CBECS results. However, the
results here are telling a different story than CBECS has been telling.
Examining and explaining the HDD-effect results will require a lot of
information, so first the CDD-effect implications will be discussed, but
before that a digression on the limitations of building energy modeling
and import of building system defects is needed.

Energy Modeling Challenges
Complex building energy simulation (modeling) programs may require
hundreds of model inputs, many of which rely on software default
assumptions, and — for real-world buildings — field data collection
procedures. Accuracy of model calculations is not guaranteed, because
of many factors, including the potential uncertainty regarding reasonably
accurate model input.
For energy audits a base case building configuration and energy
retrofit configurations must typically be analyzed, and the known base
case discrepancies between modeled and real-world energy use have
been shown to vary from slight to very large. Energy modelers must
have calibration procedures for pre-retrofit base-case building models to
reconcile software predictions and measured energy uses in order to keep
models adequately reflective of real-world buildings.
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Hundreds of research papers and reports are available that discuss
model calibration methods, stretching over decades of effort.
Documented calibration methods range in complexity from manual
calibration based on user judgment to automated calibration based on
analytical, numerical, and statistical methods. The main point is that the
need for calibration is substantive, resulting from the challenges in
modeling real buildings with simulation software.
What are the challenges? In modeling a real building, model inputs
are based on data collected during a field visit, and energy data are
collected from energy suppliers or others.
Both the building
configuration and the energy use data must be understood in order to
calibrate modeled energy use to reported energy use data.
In modeling a building, building enclosure components must be
described in a fair amount of detail, whereas energy-using systems
usually require only a few key parameters like efficiency values. To
match existing energy use acceptably, the following are important values
to determine accurately:











Total areas and thermal/solar properties for building enclosure
components
Use of shading devices
Space types and associated floor areas
Occupancy levels and schedules
Heating and cooling supply, ventilation, exhaust, and infiltration
fluid flow mechanisms and systems
Lighting and plug load power densities, most representative
schedules by space type, and control methods
Indoor temperatures by space type, including variation over time
(and also spatial variation, which is difficult to know)
Heating and cooling system efficiencies and control methods by
space type
Flows, pressure drops, fan and pump efficiencies, and motor
efficiencies for fluid-moving systems

The site visit and building documentation can usually provide
accurate occupancy data, areas and workable properties of enclosure
components, and space types of floor areas. But many challenges
remain, including system defects that may be hard to observe.
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The major technical issues for energy models of real buildings are:










Use of shading devices — if occupants have some control over
how shading devices are used, it is usually impossible to
definitively model what is happening, since use of the devices
can change from day to day. The model must use the best
approximate representation of the shading used.
Lighting and plug loads / schedules can be difficult to determine
in some cases, and an initial model may severely overestimate
(and sometimes underestimate) energy use for these end uses
Indoor temperatures can be a big issue. Most building energy
simulation tools use remarkably simplistic indoor temperature
modeling methods. Each indoor space, and all its internal mass,
is often modeled as being at one uniform temperature. Heat
transfer calculations through the building enclosure are based on
that one temperature inside each enclosure element. Potential
heat transfer in a space caused by thermal or physical anomalies
of the building enclosure, anomalies of heating / cooling
elements, anomalies in distribution of conditioning fluids, and
effects of furniture, fixtures, or other items are ignored. But
these factors can all cause major variations in the heat transfer
and indoor space temperature distributions. The model is often
attempting to capture all space temperature effects via one
indoor temperature. So choosing an appropriate temperature can
be challenging. Models for commercial buildings tend to deal
with this issue by zoning the exterior of the building differently
from the interior, which often handles this challenge acceptably.
However, indoor temperature impacts on calculated energy use
can be large, and often surprising adjustments are needed to
allow acceptable calibration to real-world buildings.
Thermal bypasses in the building enclosure or uncontrolled
airflows through the building can also have large impacts that
can be difficult to model
System defects and control issues related to fluid flow and
heating / cooling systems can also have large impacts, and are
sometimes difficult to even attempt to model
Finally, most building energy simulation tools do not really
model piped energy systems well, and often piped systems must
be analyzed in some other way, in order to determine acceptable
inputs to use in the energy simulation tool

What all this means is that real buildings have many aspects that are
difficult to model, and end-use breakouts can be quite incorrect without
calibration and cross-checking for verification.
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Why is all this important? Because CBECS estimates end use
energy for the commercial sector based on energy modeling of buildings
with only very limited information to permit calibration and crosschecking, and the results from SEDS presented above have some
differences from the 2012 CBECS end uses of energy in the commercial
sector that appear challenging to sort out.

CBECS and SEDS 2012 Energy Use
If comparisons are needed between SEDS results and CBECS results, the
total 2012 energy use total for different fuel categories should be
presented. The table below shows SEDS data categories directly, with
CBECS data (see CBECS published Table C1 on the EIA website) and
derived values adapted to those categories.

2012 Energy Totals, Trillion Btu
Fuel category

SEDS
2,968
564
106
20
4,528
9,114
17,335

Natural gas
Petroleum
Biomass
Geothermal
Electricity
Elec. Losses
Total

CBECS
2,589
141

4,241
8,534
15,505

Firstly, keep in mind that the “adjusted” commercial sector floor
area estimated here for the SEDS data is about 9 billion square feet larger
than the CBECS estimate of 88 billion square feet. The CBECS
petroleum value here includes CBECS fuel oil plus the propane estimates
made here. The SEDS total also includes some minimal coal and motor
gasoline use.
CBECS electricity losses are calculated and are in direct ratio to the
SEDS data.
The CBECS natural gas value here is the sum of total weighted
natural gas and district heat energy use. Thus, the table presents an
approximate but reasonable comparison of total fuel consumptions.
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2012
The world is going to end. The Mayans predict the future. Gloom and
doom abounds. Two rounds of quantitative easing had not seemed to do
whatever tricks were intended, and QE3 was initiated. The “Stimulus
Package” of 2009 may have prevented severe economic indigestion, but
the American economy was still operating in upset mode. Economic
issues appear to impact energy consumption in 2012.
Even the weather was different. The year was a lot warmer than any
of the four years examined so far (1985, 1995, 2005, and 2014). The
examination also offers an interesting look at how weather for these four
years over three decades is similar, raising some questions about climate
issues that will not be examined here.8
Total US Population-Weighted Degree-Days
HDD

CDD

HDD
difference
from
average

1985

4642

1194

2.8%

-7.6%

1995

4531

1293

0.4%

0.02%

2005

4315

1397

-4.4%

8.1%

2014

4572

1287

1.3%

-0.4%

–16%

15%

Year

Average of 4

2012

4515
3792

CDD
difference
from
average

1293
1489

Over a 30-year period, choosing four years at 10-yr intervals and
taking the average of the US population-weighted HDD and CDD, we
find one year (1985) that has CDD about 8% less than this average and
one year (2005) that has CDD about 8% more than this average. HDD
all vary less than 5% from this average. The year 2014 had slightly more
HDD and less CDD than this average. But 2012 is much different, being
15% off for both HDD and CDD to indicate an unusually warm year.
Checking 2013 indicates it was close to this average, at –0.4% on
HDD and +4% on CDD, but 2015 started to act more like 2012, at –9%
on HDD and +12% on CDD. Impressions for 2016 are that it may also
be like 2012, but time will tell. So 2012 was fairly unusual for the
8

Degree-Days for 1985-2005 from DOE EIA Annual Energy Review 2008,
pp 17 and 19; for 2012 and 2014, summed from NOAA archive data
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weather, but 2013 and 2014 jumped back to being more in line with these
four specific years over a 30-yr period, as regards population-weighted
HDD and CDD.
On the economic front, some Federal Reserve Bank presidents have
hinted that we are in uncharted waters. The view is clear as mud.
Residential sector source energy use, which is often an indicator of
economic conditions, dropped sharply in 2012, but bounced most of the
way back in 2013. The weather played some role, but the drop seems
more than just weather. Over a 25-year period from 1990 through 2015,
the 2012 year-to-year change in per-capita residential sector source
energy use was a larger drop than any other year. Similarly, the percapita commercial sector energy use was a larger drop than any other
year.
These differences show up in the SEDS multivariate regression
model results for the year 2012, discussed next.

SEDS Model for 2012
A SEDS model for HDD-dependent, CDD-dependent, and Other energy
use is needed for 2012 so comparisons to the CBECS 2012 data can be
made. Following the trends presented in the previous section, the Other
energy use is 14% lower than in 2014, HDD-dependent energy is 11%
lower, and CDD-dependent energy use is 18% higher.
Normalized HDD-effect, CDD-effect, and Other Energy Use Factors

Year

Other
energy use,
Million Btu
per capita

HDD-effect,
kBtu per
capitadegree-day

CDD effect,
kBtu per
capitadegree-day

Total
energy use,
Million Btu
per capita

12.8
6.7
11.0
55
2012
HDD-dependent, CDD-dependent, and Other Energy Use

Year

Other
energy use,
quads

HDD-effect
energy use,
quads

CDD-effect
energy use,
quads

Total
energy use,
quads

2012
2012%

4.07
23.5%

8.06
46.5%

5.21
30.0%

17.33
100.0%

These source energy results will be cross-evaluated against the enduse detail in the 2012 CBECS data.
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CDD‐Dependent Energy Use
Fortunately for the length of the discussion here, the CDD-dependent
energy use determined from SEDS for 2012 appears to match fairly well
with the CBECS results for 2012. The CBECS 2012 breakouts of site
energy use by end use can be found in Table E1 from the EIA CBECS
website. The end uses covered are:
Space heating

Water heating

Refrigeration

Cooling

Lighting

Office equipment

Ventilation

Cooking

Computing

Other

The three end uses of particular import for evaluating CDDdependent energy use are Cooling, Refrigeration, and Ventilation. The
CBECS-derived 2012 source energy totals for these three end uses, using
the SEDS value of 3.01 instead of the CBECS value of 3.05 as the
electricity source energy multiplier, are:




Refrigeration — 2.0 quads
Cooling — 1.9 quads
Ventilation — 2.01 quads

The SEDS-derived total of CDD-dependent energy use above for
2012 is 5.21 quads. All the refrigeration energy and all the cooling
energy is CDD-dependent. Approximately half the ventilation energy
should be CDD-dependent. All three together total 4.9 quads, which
appears to match very well to the SEDS total, since the SEDS results
could be up to a fraction of 9/88 larger [(1 + 9/88) x 4.9 = 5.4]. The
SEDS-derived CDD-dependent energy use of 5.21 quads for 2012 crosschecks well to the CBECS-determined results for refrigeration, cooling,
and ventilation.

HDD‐Dependent Energy Use
Unfortunately for the length of the discussion here, HDD-dependent
energy use does not match up well. The three end uses of interest are
space heating, ventilation, and water heating. The CBECS-derived 2012
source energy totals for these three end uses are:
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Space Heating — 1.92 quads
Ventilation — 2.01 quads
Water Heating — 0.55 quads

Lighting may also have some HDD-dependence, since increasing
HDD also coincides with decreasing daylight, but for now that will be
ignored, since there is a large discrepancy to attempt to cover.
The SEDS-derived total of HDD-dependent energy use above for
2012 is 8.06 quads. All the CBECS space heating energy is HDDdependent. Approximately half the ventilation energy should be HDDdependent. Water heating should be highly HDD-dependent. All three
together total 3.47 quads, which is a lot less than 8 quads, so a major
discrepancy means more cross-checking is needed.
Total commercial sector space heating source energy for the
CBECS end use values consists of:




Electricity — 0.25 quads
Natural Gas (w/ all district heat) —
Oil — 0.09 quads

1.58 quads

Right away the electricity number jumps out, as this value appears
very small for a source energy value for all electric-heated commercial
floorspace. The CBECS data indicate 2058 building records out of 6720
total records have electricity as the primary source of space heat. The
total weighted sum of floor area for these data records is 26.3 billion
square feet, and that is 30% of all CBECS floor area for 2012.
So 30% of the floor area has electricity as the primary source of
space heating, and total source energy use is 0.25 quads? This is only a
small fraction of the natural gas energy used for space heating? More
checking is needed, so the HDD index will be checked. Here the term
HDD index is used for Btu per square foot per HDD. Typical values for
residential buildings can be found in a Home Energy article from 1991.9
The most efficient existing homes have an HDD index under 5, while

9

“Comparing Your Home's Energy Use to Others,” Home Energy
consumer information from an article dated June 16, 2001,
http://homeenergy.org/show/article/nav/consumerinformation/page/2/id/825
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most are in the range of 5–25 (not based on source energy, mainly for
gas-heated homes).
As reported above, the population-weighted HDD for the country in
2012 equals 3792. For CBECS buildings that use electricity as the
primary source for space heating, the total CBECS source electricity use
estimated for space heating is 0.16 quads (the remainder is for electricity
as a secondary heating source). This value seems impossibly low.
Dividing 0.16 quads by 26.3 billion square feet leads to a heating EUI of
6.1 kBtu/ft2 of source energy for space heating energy use.
The HDD index for this CBECS subsample of buildings using
electricity as the primary source of heat is 6.1 kBtu/ft2 of source energy
divided by 3792 HDD, leading to a result of 1.6 Btu/ft2/HDD as the
overall sectoral value for source energy. This value is not believable.
This author worked in an office building with electric heat that also
received an Energy Star plaque in the year 2000, with a score of 90. This
high score was mainly a result of reasonable lighting efficiency, low
ventilation energy, a functioning energy management system, and virtual
impossibility of much heating and cooling fighting each other. Heating
energy on a source basis for this office building in an approximately
3800 HDD climate is 45–50 kBtu per square foot per yr. The HDD
index is thus around 12, using source energy.
Looking at the HDD index calculated for CBECS buildings using
natural gas as the primary fuel for heating, first the heating EUI is 1.27
quads divided by 43.05 billion square feet = 29.5 kBtu/ft2. The HDD
index is 29,500 divided by 3792, or 7.8 Btu/ft2/HDD.
If your head is spinning, these results are certainly disconcerting.
The CBECS results would indicate the entire commercial sector has
heating efficiencies that would put Energy Star buildings to shame.
Space heating has been severely under-estimated in the CBECS end
use breakouts, probably by a factor of about 10 for electricity. In
addition, if the electricity space heat is too low, then other end uses are
too high, since the electricity total is about where it should be.
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Electric space heat source electricity use is probably low by about
two quads. If we add two quads to the CBECS value of 0.16 quads for
buildings using electricity as the primary source of heat, the overall
source energy heating EUI becomes 2.16 quads divided by 26.3 billion
square feet, or 82 kBtu/ft2 (27 kBtu/ft2 on a site basis). The resulting
HDD index for all commercial buildings that are primarily heated by
electricity in 2012 would be 21.7 Btu/ft2/HDD (7.2 Btu/ft2/HDD on a site
basis).
Checking the results for the 2003 CBECS indicates the national
total electric space heat energy use was estimated to be about twice what
was estimated for the 2012 CBECS, but still impossibly low. Similarly,
for the 1995 CBECS, electric space heat for buildings using electric heat
as the primary heating source was estimated as twice the total as for
2012, with half the total floor area, but still too low. What this means
though, is that a total sectoral sum ratio heating EUI for electricallyheated buildings in 2003 was over twice the value for 2012, and in 1995
was four times as large — definitely peculiar.
Differences with SEDS, and possibly some lighting and other
energy effects, may account for another 1.5–2 quads. If we add this
energy plus the two quads of extra space heating source energy to the
HDD-dependent total, HDD-dependent energy would be brought up to
about 8 quads for 2012. Other electric end uses would need to adjust to
account for increased allocation to space heating.
The end use breakout for CBECS appears to have major flaws,
based on the simple cross-checking of reasonableness as compared to
other real-world data presented here. The major issue is electric space
heating, which is calculated to be impossibly low using the CBECS data,
and which leads to overall sectoral heating EUIs for electric-heated
buildings that vary by a factor of four over several decades.
While exact discrepancies cannot be determined using available
CBECS data, if electric space heating is impossibly low, then other end
uses are too high. Comparisons for energy use not dependent on degreedays, as determined from the SEDS analysis, will be presented next.
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Other End Uses
Recall the digression on building energy modeling. That digression was
to indicate why determining end use breakouts using modeling might
have errors. A main factor influencing heating energy use in commercial
buildings is having heating and cooling fighting each other due to system
design, system defects, or improper control settings. Other factors, such
as thermal anomalies in the building enclosure, also affect heating energy
use. The CBECS end use modeling is not capable of handling such
factors reasonably. In addition, some other major misallocations
occurred that allowed total space heating for electric-heated buildings to
be so low. The CBECS breakout of electric end use source energy, using
3.01 instead of 3.05 as the electricity source conversion factor, is shown
in the table below.
CBECS 2012 Electric End Uses
End Use
Source quads
Space Heating
Ventilation
Cooling
Lighting
Water Heating
Refrigeration
Cooking
Computing
Office Equipment
Other
Total

0.25
2.01
1.90
2.18
0.07
2.02
0.28
1.22
0.52
2.31
12.76

The end uses of space heat, ventilation, cooling, water heating, and
refrigeration are degree-day dependent. The sum of source electric use
for these end uses is 6.25 quads. The difference obtained by subtracting
6.25 from the total of 12.76 is 6.51 quads of energy that is not degreeday dependent. The SEDS results for 2012 were 4.07 quads as not
degree-day dependent.
As mentioned previously, lighting energy may have some slight
correlation with heating degree-days, so that may be a small part of the
difference. In addition, the lighting energy use estimate may be high by
up to 10–20%.
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The most likely causes of this end-use allocation divergence are the
end uses of computing, office equipment, and Other. Computing and
office equipment energy use is not degree-day dependent, but there
might be a small amount of “Other” energy use that is HDD-dependent.
The bottom line is that about 2 quads of source electricity use is
misallocated, and most of that is probably in these last three categories.
These last three categories are not really “modeled” by building
energy simulation tools. Basically an answer has to be determined in
some other fashion and then fed into the building simulation in order to
arrive at the predetermined answer. Calculation of lighting energy use is
also mostly similar, except that schedules of use and reasonable power
levels are usually known. Main causes of overestimating lighting energy
use are failure to account for burnt-out lamps and failure to schedule
some lighting off as much as actually occurs in real buildings.
A serious examination of methods used to estimate heating
electricity use is needed for CBECS, together with very careful
assessment of how lighting, computing, office equipment, and other
electric end uses are determined.
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Conclusion

T

his exploration of the commercial sector was started due to
several factors. One was an interest in seeing how the evergrowing service economy might be impacting energy use.
Another was a concern about use of GDP as a normalizing factor by too
many people who seem to glibly assume that such normalization is
important, when in fact there are major problems with trying to
understand energy efficiency using GDP as a normalizing element —
including the issue of shifting from an industrial to a service economy.
A further interest was trying to bridge the gap between the US
commercial sector as seen through the filter of CBECS results and the
entire sector as quantified by EIA when coherent national energy totals
must be presented. Once a better understanding of the entire sector is
gained, a further exploration of ways of understanding the energy
performance of the entire commercial sector as an entity could be
pursued.
In the initial progress presented here, the gap between CBECS and
the entire commercial sector has been quantified to a degree, with
methods presented that also allow future “gap-filling” to proceed if
desired.
The growth of the service economy in the United States has led to
major energy use increases for certain subsectors of the service economy,
as presented here. Whether the rates of increase continue remains to be
seen, since the adjusted floor area results indicate a levelling off in floor
area per capita for over two decades now, and total commercial sector
source energy use per capita has started declining as of 2008, while
remaining fairly steady for the 10 years prior.
CBECS data were very important to obtaining the results here,
despite limitations and some apparent major problems with end uses.
The many changes affecting increasing commercial sector energy
use over three decades have been presented in a limited fashion here,
establishing a baseline for future comparisons with the present.
Hopefully the methods here will be helpful in any future endeavors.

State‐Level Data
State Energy Data System (SEDS)
SEDS parameters of most interest for use here have the EIA data series
ID (MSN) and description listed below. “Total energy” is the same as
source energy. SEDS also has US aggregate values or totals.
MSN

Description

Unit

Total energy consumed by the
TECCB
Billion Btu
commercial sector.
Total energy consumption per capita
TECPB
Million Btu
in the commercial sector.
Electricity consumed by (i.e., sold
ESCCB
Billion Btu
to) the commercial sector.
The commercial sector's share of
LOCCB
Billion Btu
electrical system energy losses.
Total consumption of other individual fuels also used at times.
Million chained
GDPRX Real gross domestic product.
(2009) dollars

https://www.eia.gov/state/seds/seds-data-complete.cfm

Population Data
State and national population data come from the US Census online data.
Current and historical values can be obtained at:



http://www.census.gov/popest/data/state/totals/2015/
http://www.census.gov/popest/data/historical/index.html

Population‐Weighted Degree‐Days
As indicated in the text, degree-day data came from NOAA archives,
although data for 1985 and 1995 were obtained previously from the
archives, and these data no longer appear to be available at the archive
location:


ftp://ftp.cpc.ncep.noaa.gov/htdocs/products/analysis_monitoring/cdus/degree_days/archives/
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World Data
GDP
Worldwide GDP data were obtained from the World Bank Data Bank on
Development Indicators:
 http://databank.worldbank.org/data/reports.aspx?source=2&series=NY.GDP.MKTP.CD&country=#

Population
The US Census Bureau also maintains international data:


https://www.census.gov/population/international/data/worldpop/table_population.php

Energy
World energy data is from the EIA Beta website on international
statistics. These data can be incorrect at times. Use of this tool can be
confusing. Start with this link:


https://www.eia.gov/beta/international/data/browser

Then one must scroll or look down until the selection items for “Select
Data” and “Select Countries” are found. Data selection of consumption
will provide consumption data. Country selection can be switched to
regions, where one region is the World.
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