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Anyone involved in the energy-efficient design of buildings
eventually will come in contact with building energy use
intensities (EUIs). Building EUIs can provide valuable energy
performance metrics for the design energy modeling and
assessment of building energy performance.
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THE COMMON DEFINITION
OF BUILDING EUI IS:

Annual Building Energy Use
( kBtus or MJ )

Building Area

= EUI

( ft2 or m2 )
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EUI designations are used
throughout the building industry
as targets for codes, standards
and incentive programs, and as
benchmarks for building operation.
However, as discussed in this article, the means by which the EUIs
are calculated can have a great
impact on their accuracy for comparisons between buildings and in
the energy credit that they provide
alternative building technologies.

These issues will be clarified as
we examine the details of the EUI
numerator and denominator.
In addition to the formulation of
the EUI, there are issues of how to
address the internal and external
factors that impact building energy
use including: weather, occupant
schedules, maintenance, occupancy rates, plug loads and a host
of others. The same building used
differently or placed in a different
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climate can have drastically different EUIs regardless of the EUI
formulation.
Let’s begin with the denominator
in the equation. What is included
in the definition of building area:
is it total gross building area, conditioned building area or occupied
building area? Should an enclosed
parking garage area be included if it
is part of the building? The definition of the building area can vary by
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to another with a different definition. The second outcome is
subtler. Setting targets using
EUIs is meant to drive behavior.
In this case, reduce energy use
in buildings. The definition of

who is doing the measuring and for
what purpose.
The first obvious outcome is that
comparing a building EUI calculated with one definition of floor
area cannot be directly compared
FIGURE 1

T O TA L A N D N E T E N E R G Y F L O W S
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Etotal = Eused = Ebuy + Egen – Esold
Enet = Ebuy – Esold
From ASHRAE Standard 105-2007

F I G U R E 2  U . S . C O M M E R C I A L B U I L D I N G T O T A L S I T E
ENERGY INTENSITY TREND
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gross area can have unplanned
consequences.
For example, consider two identical buildings in the same city.
One is located at a subway station and the other has an attached
parking garage on the property. If
the EUI area definition includes
parking garages, the building that
promotes the use of automobiles
over public transportation will
show a lower EUI due to additional
low energy building area in the
parking garage.
It may be more meaningful to use
a different denominator other than
building area for certain building
types. Why not annual energy per
person in the building? Consider
the energy required to provide a
built environment for a student.
The Green Grid recently designated the use of power usage effectiveness (PUE) as the information
technology industry’s preferred
metric for measuring data center
energy efficiency. PUE is determined by dividing the amount of
power entering a data center by the
power used to run the computer
infrastructure within it. These may
be much better EUIs for specialized
building types.
If manipulating the denominator
was interesting, consider the industry variations of the numerator!
Defining the energy use to calculate
an EUI is even more challenging.
The choices include where you
measure the energy (at the site or at
the source), and how you compare
different energy sources (by energy
content or energy cost). In all cases,
these are typically evaluated over
an annual period.

Energy Information Administration
Commercial Buildings Energy Consumption Survey
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TA B L E 1 A B B R E V I AT E D C O M PA R I S O N O F E N E R G Y U S E I N T E N S I T I E S
Document

Term

Distinctions

Energy Considered

Area

ASHRAE Standard
105-2007

Energy intensity: an expression of the
annual energy used or calculated to be
used by a building or building space per
unit of gross floor area

Gross floor area: the sum of
the floor area of the spaces
within the building, including
basements, mezzanine and
intermediate-floored tiers, and
penthouses with headroom
height of 7.5 ft or greater.

Measured site
energy use for all
types of energy

Gross

ASHRAE Standard
90.1-2007,
Chapter 11, Energy
Cost Budget

Modeled annual energy cost

Although this is site energy,
the addition of cost reflects
the source variances between
fuel types.

Site

Gross

California Title 24,
Part 6, Performance
Method

Modeled annual energy costs using
time-dependent valued (TDV) energy

The TDV values reflect both
the cost of the energy and the
infrastructure to get it to the
site.

Time dependent
valued site energy

Conditioned
floor area

Arch 2030

Annual fossil fuel based energy
in kBtu/ft2 · yr

Only accounts for fossil fuels
(coal, oil and gas)

Site fossil fuel

Same as
CBECS and
ENERGY STAR

ASHRAE Standard
100-2006

Annual total energy for all fuels

All sources of site energy and
conditioned space for floor
area

Site implied by
Conditioned
electrical conversion floor area
at 3,412 Btu/kWh
All fuels (section
5.5.4 & Table 1)

ENERGY STAR

Annual energy in kBtu/ft² · yr

Currently limited to the
following building types:
• Bank/financial institution
• Courthouse
• Dormitory
• Hospital (acute and children’s)
• Hotel
• House of worship
• K – 12 school
• Medical office
• Office
• Retail store
• Supermarket/grocery store
• Warehouse (refrigerated and
unrefrigerated)

Site and primary
(Source)

Gross building
floor area

CBECS
(Commercial
Buildings Energy
Consumption Survey)

Annual energy in kBtu/ft² · yr (U.S. national
sample survey conducted every four years
that collects information on the stock of
selected commercial buildings types, their
energy-related building characteristics,
and the energy consumption and
expenditures. It is based on a sample
of 5,215 buildings across the country
that were statistically sampled and then
weighted to represent the entire stock of
commercial buildings in the U.S.)

Actual building areas are used
for EUI calculation. The EIA
then purposefully rounds off
the reported area to mask the
identity of the respondent.

Site and primary
(source)

Gross building
floor area

EISA 433

Annual fossil fuel generated energy in
kBtu/ft² · yr. Step reduction targets are
set relative to the 2003 CBECS with a
100% reduction by 2030.

Law only applies to federal
buildings

Site fossil fuel

Gross building
floor area
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It is first important to define where
the building energy will be measured. If measured at the building
site, annual site energy usage is
generally understood to mean the
amount of energy that crosses the
building property line during the
course of a year. It is the sum of the
building electric meter, gas meter
and energy meter if the building is
connected to a central heating and/
or chilled water plant.
Site energy is easily measured
by building owners and makes this
definition of energy very attractive.
Different sources can be compared
by their energy content (Btu/h or
kW) or energy cost.
Here is another example of how
the selected metric used can drive
undesirable behavior. Using site
energy and energy content in the
definition of an EUI for a building
in Minneapolis could promote the
usage of electric baseboard heat
(COPsite = 1) over hot water heat
(COPsite < 1), resulting in increased
primary energy consumption.
If the intent is to understand the
total energy use including generation, then source energy will
be used. Annual source energy
refers to the primary energy used
to extract, process, generate, and
deliver the energy to the site. To
calculate a building’s total source
energy, imported and exported
energy is multiplied by the appropriate site-to-source conversion
multipliers based on the utility’s
source energy type.
From a practical point of view,
establishing source energy usage is
much more difficult on a per building basis. Source energy multipliers for electric generation can vary

U . S . M O D E L E N E R G Y C O D E D E T E R M I N AT I O N
With each new edition of ANSI/ASHRAE/
IESNA Standard 90.1, DOE issues an
official determination about whether the
new edition of the standard will improve
energy efficiency in U.S. commercial
buildings. The determination is based on
analysis by the Building Energy Codes
Program and is required by Section 304
of the Energy Policy and Conservation
Act (EPCA, Public Law 94-163), as
modified by the Energy Policy Act of 1992
(EPAct 1992).
DOE has one year to publish the determination after the newest edition of the
code is approved. Determination results
are published in the Federal Register.
If DOE finds that the newest version of
Standard 90.1 is more energy efficient
than the previous version, states are
required by the Energy Policy Act to certify
that their building energy codes meet the
requirements of the new standard within
two years.
For example, DOE recently issued a
determination that Standard 90.1-2004
is more energy efficient than Standard
90.1-1999. States have two years from
the time DOE officially notifies them to
certify that their energy codes are at least
as stringent as 90.1-2004, or justify why
they cannot comply.
Once DOE issues a positive determination, DOE must provide technical assistance and incentive funding to states to:
• Review and update state energy codes
• Implement, enforce, and evaluate
compliance with state energy codes

DOE must also send a letter to the governor of each state, notifying them of the
determination and outlining the state’s
responsibilities. The letter also advises
the governor of the availability for technical assistance and incentive funding from
DOE, and provisions for time extensions
if needed. Each state’s energy offices and
the responsible state code office receive
letters with same information, but in more
detail than the governor’s letter.
The DOE determination calculation process has continued to evolve since the
original goal was set in 2007, making
it difficult to understand what exactly is
being modeled for the final determination
calculations. This updated methodology
is described in Draft Methodology for a
Comparative Analysis of ANSI/ASHRAE/
IESNA Standard 90.1–2007 and Standard
90.1–2004 (http://tinyurl.com/33cjf6m),
dated Jan. 20, 2008. However, it is
believed that even this document does
not reflect the current state of the evolving building types and weightings of those
building types being used in the analysis.
In other words, the determination of
one version of the standard may consider
different building types and allocation of
building types than the determination of
a subsequent version of the standard.
The determination is simply a process
to perform a quantitative and qualitative
analysis of the new version compared to
the old version. It is not intended to provide building EUI or average EUI data that
can be compared over time. Some energy
efficiency measures are difficult to model
in these energy simulations.

• Permit certification extensions if the
state demonstrates good faith to comply and the state has made significant
progress toward compliance

by region, time-of-day, and generation types.
Energy cost is a proxy for source
energy. Unfortunately the retail
cost of energy does not always
reflect the true cost of the energy.
The largest energy users typically
get the lowest rates and there are
subsidies inconsistently applied to
different sources.

California Academy of Science
San Francisco, California
Radiant Heating and Cooling
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5/8" Uponor hePEX™ plus tubing
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It’s not just what we make that’s changing commercial construction.
It’s how we think.
Table 1 (p. 44) shows different
characteristics and variances for
building energy use intensities
referenced in the U.S. building
industry today. Many of these
EUIs have slightly different definitions and metrics. We need to be
careful when comparing building
energy use intensities since the
actual measured energy units, fuel

Uponor Logic makes buildings work better. From faster installations and more durable materials
to increased energy efficiency and reduced material costs, our Commercial Systems enhance value
and increase profits. But it also means custom installation plans, training and on-site support to
give you complete confidence in our products. That’s Uponor Logic at work. To learn more about
Uponor Commercial Systems, call 800-321-4739 or visit uponor-usa.com/commercial
Formerly Wirsbo
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sources, measurement location
(site versus source), and/or floor
area could be different.
If one definition of EUI is based
on site fossil fuel energy use and
another is based on source energy
use, no comparisons can be made
between the two values.
As shown in Table 1, there are
many different metrics for measuring building energy. The U.S.
government enacted EISA legislation for high performance federal
buildings based on “site fossil
fuel.” California’s Title 24 Energy
Standards are based on site timedependent valued energy. Most
ASHRAE documents use annual
site energy and annual energy
cost (Standards 90.1, 90.2, 189.1,
Advanced Energy Design Guides,
etc.).

Let’s assume a standardized definition for building EUI is established. What would the EUIs be
used for? For policy setting, governments around the world would like
to improve the energy efficiency of
buildings in their countries. EUIs
can be a great tool to set such goals.
Building owners and operators
want to know how their buildings
perform and set goals to improve
their performance. Some will do it
because they must (legislated), but
most will do it because it is good
business (market forces).
Building energy performance metrics will vary by the type of building and climate. The future use of
EUI to measure a building’s energy
performance suggest there is a need
for a matrix of EUI goals by building type and climate zone for local

HPB.hotims.com/30305-44

usage along with a methodology
to establish a regional or national
weighted average for policymaking.
Many other factors influence the
selection and application of EUIs.
Do the EUIs apply to new construction or existing buildings? Are they
for comparing building simulations
or actual building performance
data against a database? Are they
for setting targets for minimum
compliance?
EUIs are generally applied to
existing buildings, as they are measurable. Computer based modeling
is typically applied to new construction. With computer energy modeling, a proposed building design can
be compared with a minimally compliant building in the same climate
with the same internal loads and
operating schedules. The results

A S H R A E S TA N D A R D 9 0 . 1 A N D C B E C S
Standard 90.1 is intended to set the minimum efficiency requirements for new buildings and renovations and covers building
envelope, mechanical, service water heating and electrical systems. Appendix G of
Standard 90.1 provides a method to model
performance to evaluate alternatives to the
prescriptive measures using annual energy
cost. Standard 90.1 Appendix G and other
energy code simulations are not intended
to provide a means of accurately estimating
energy consumption in a building since they
do not reflect the actual occupancy, operating schedules or plug/process loads anticipated in the building.

generally won’t reflect the buildings
actual energy use (or cost) due to
variations in climate, occupancy,
schedules and internal loads.
We should not get discouraged and say there are too many

The Commercial Buildings Energy
Consumption Survey (CBECS) is a
national sample survey that collects information on the stock of U.S. commercial
buildings, their energy-related building characteristics, and their energy consumption
and expenditures.
It is based on a sample of 5,215 buildings across the country that were statistically sampled and then weighted to
represent the entire stock of commercial
buildings in the U.S. Commercial buildings
include all buildings in which at least half
of the floor space is used for a purpose
that is not residential, industrial, or agri-

variables. Even with all these
variables, EUIs can help drive a
universal understanding of building energy efficiency metrics and
generate dialogue to improve
building energy efficiencies. Many

HPB.hotims.com/30305-23

cultural, so they include building types
that might not traditionally be considered
“commercial,” such as schools, correctional institutions, and buildings used for
religious worship. CBECS represents a mix
of both old and new buildings.
While it may seem on a cursory review
that both Standard 90.1 and CBECS can
provide EUI in kBtu/ft2·yr, the two EUIs are
not related and should not be compared.
CBECS historical data can be compared to
previous CBECS data to see commercial
building energy usage trends on the complete building stock as shown in Figure 2.

times when discrepancies are
found between building comparisons, the discrepancies can help
us better understand what is driving energy consumption within the
building.

Building energy performance goals are necessary and
good — they can drive behavior,
focus our attention and help us
move forward with energy efficiency improvement.
In January 2010, the ASHRAE
Board of Directors requested
ASHRAE’s Technology Council
to address the issue of evaluating building energy performance
targets and EUIs. ASHRAE has a
leadership role to play advising
policymakers on how to define and
establish what is possible with the
various building types and to help
support future policy.
When the policymakers have set
their vision, ASHRAE will need
to help designers, building owners and operators achieve these

targets. To provide the technical
guidance, ASHRAE will need to
challenge itself to continually
raise the bar on the arts and sciences of energy conscious design
in the built environment. •
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