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original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers a methodological approach to devel-
oping protocols for collecting empirical building or facility
energy performance data.

1.2 The methodological approach covered in this guide is
appropriate for commercial and institutional buildings or
facilities, and with some adaptations, the approach can also be
used for larger multifamily buildings or small industrial build-
ings or facilities.

1.3 This guide does not specify a complete project or
experimental design, the hardware or software needed for data
collection and data management, or the data analysis tech-
niques to be used.

1.4 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E631 Terminology of Building Constructions

3. Terminology

3.1 Definitions:Terms related to buildings and facilities in
this guide are defined in Terminology E631.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 building—generally used in this guide to refer to either

a building or a facility.

4. Significance and Use

4.1 The collection of empirical data to determine building
energy performance is an important but complex and costly
activity. Careful development of energy monitoring projects
can make a crucial difference in the value of project results
relative to the expense.

4.2 Increasing the widespread understanding of how energy
is used and the types of services it provides in commercial,
institutional, and related (light industrial, large multifamily,
and mixed commercial/residential) buildings has proved to be
difficult. This difficulty arises from the following variables: the
complexity of buildings as energy systems; the diversity of
sizes, uses, schedules, and types of buildings; the changes in
uses of buildings; and the mixture of uses within individual
buildings. These factors make building energy performance
and energy (and dollar) savings from energy improvements
difficult to categorize and compare.

4.3 The audience for this guide is diverse, including energy
suppliers such as utilities, building owners and managers,
building occupants, designers, public and private research
organizations, equipment manufacturers, and public regulators.

4.4 The user of this guide must be familiar with the
fundamental techniques of engineering project management
and energy performance data collection, data management, and
data analysis. See Refs (1-4)3 for a discussion of techniques
related to the collection and analysis of energy performance
data.

5. Procedure

5.1 Because initial goals and objectives often lead to exces-
sive costs for field data collection, an iterative approach to
project development is usually necessary. Once the goals and
objectives are defined, costs for completing the project can be
estimated. If the costs are too high, the goals and objectives are
redefined (next iteration) to attempt to achieve more realistic
costs, and further iterations are conducted as necessary.

5.2 Project Development Activities:
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5.2.1 Identify project goals, objectives, questions to be
answered by the project, and constraints such as the available
budget. This activity should always be conducted early in
project development.

5.2.2 Specify the minimum data products and the desired
project output. The data needed to answer the project questions
or meet specific objectives must be identified. The data
manipulations or calculations necessary to provide the desired
results should be identified. If possible, desired formats for the
presentation of data results should be developed. The nature of
the minimum expected final output should be defined.

5.2.3 Choose an experimental design that is appropriate for
the project to be conducted (1-3). The design is influenced by
choices between the number of buildings to be monitored and
the potential ability of the data collected to define the energy
performance of interest. Increasing the number of buildings
improves the potential usefulness of statistical measures of
performance but also increases the cost. Increasing the mea-
surement of physical quantities may improve the understanding
of events in individual buildings, but it also increases the cost.
Trade-offs between costs and measurements may begin as the
experimental design is being developed.

5.2.4 Develop data management procedures that can handle
the (typically) large amounts of data collected. Computer
resources are required to handle the data reasonably; some
evaluation of required computer resources should therefore be
conducted. The required computer resources depend on the
volume of data to be collected, the methods used to determine
the data quality, and the methods used to analyze the data. All
data should be stored on computer media, and good quality
assurance practices include storing archive copies of the data in
more than one location in case of fire. Procedures for deter-
mining data quality should be computer-based. Data quality
should be examined as soon as possible after the data are
collected to determine whether quality problems have arisen.
Data archiving procedures should facilitate use of the chosen
analysis methods or computer programs, which means that the
formats required for analysis should be determined so that little
data reprocessing is required. Data archiving procedures
should also be well documented so that the data can be
understood easily by analysts and good data transfer proce-
dures (see Appendix X2) can be followed.

5.2.5 Specify minimum data analysis procedures (see Refs
(4-7) for examples and guidance). The analysis procedures
chosen will often affect the field data that must be collected.
The specification should include the identification of analytical
models, data reduction techniques, error analysis, and desired
final output from the analysis to at least meet the requirements
of 5.2.2. If the experimental design requires, sample sizes
should be selected and the impacts of sample sizes on overall
costs evaluated. Consideration should be given to the likeli-
hood that advances in analytical methods will occur over the
course of the project, which means that these minimum
analysis procedures may require yearly review.

5.2.6 Specify the field data to be collected, based on an
interactive consideration of required inputs for specific analysis
methods and a definition of the building circumstances,

conditions, or influences of interest. Data are of two major
types: time-dependent and time-independent.

5.2.6.1 Time-dependent data include weather and energy
consumption data. Users must be careful that times are
recorded consistently throughout the project for all parts of a
project. Problems can arise when switching between daylight
and standard time and when projects span more than one time
zone. All times should be recorded in standard time.

5.2.6.2 (2) Time-independent data include specific items of
interest necessary to define the project, such as descriptive data
of the building or data on the costs of installing an energy-
saving device. Projects should not proceed unless project
developers establish a reasonably concrete procedure for de-
scribing the buildings in the project. See Refs (1-3) for
guidance in these areas. Users must be careful to avoid the
problem caused by defining a building by the Standard
Industrial Classification (SIC) code (8) of the company that
occupies the building. The function of the company may be
manufacturing steel, while the function of the building is to be
an office. Good practice for protocol guiding the collection of
building energy performance data would dictate that the
building be treated as an office, but use of the SIC code could
mistakenly identify the building as an industrial building.

5.2.7 Resolve inconsistencies between desires (goals,
objectives, project questions, and desired data) and realistic
expectations for accomplishments, including resource and time
constraints and uncertainties concerning the correct methods to
use. At this point, project developers must be able to state the
ramifications of resource limitations; to compare options avail-
able for conducting the project within the available resources
or with incremental resources; and to determine final goals,
objectives, project questions, and project output for the differ-
ent options. If uncertainties in methods (especially data pro-
cessing or analysis methods) are great at this point, larger-scale
projects should usually be preceded by pilot-scale projects to
permit exploratory investigation or the tuning of potential
methods to meet project needs. Uncertainties in data results,
such as plus or minus percents at the 90 or 95 % confidence
level, should be quantified to the extent possible and stated as
part of the expected project output.

5.2.8 Design a detailed project. Once realistic project goals,
objectives, questions to be answered, and data output and
formats are defined, the detailed project design begins in
earnest. The usual project planning and management methods
can be used here. Tasks are identified and assigned to appro-
priate organizations or personnel. Final hardware selection or
adjustments are made. It may be necessary to recruit partici-
pants for the project. Data collection methods and schedules
are developed. Data verification and quality assurance
procedures, as well as data recording methods and formats, are
developed. Maintenance requirements are identified and a
maintenance plan designed. If possible, methods for dealing
with changes over time in the building must be identified and
tested. An analysis plan is designed; analyses must include
both initial analysis or verification of data for reasonableness
and accuracy and ongoing analysis of data that are received
(for error-checking, at a minimum, and final analysis of the
overall results). An example of some of the detailed project
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design considerations for one type of energy monitoring
project (measurement of end use energy for a sample of
approximately 50 buildings in the service territory of a specific
electric utility) is given in Appendix X1.

5.2.9 Conduct the project. As stated in 1.2, details are not
provided here. So many details exist concerning projects for
collecting building energy performance data that volumes can
and have been written on the subject. Developers and managers
of projects should understand that analysis of project data is
necessary to develop results, which is the purpose for conduct-
ing the project. A primary failing of many projects is that data
collection is permitted to take on a life of its own at the expense
of the analysis. Analysis should proceed during the project as
a quality assurance measure and should continue after the data
collection is complete. Because projects may take years to
complete, the potential evolution in data analysis methods
during this time may cause adjustments in final methods or
reporting requirements (see 5.2.5). A commitment to some
continuing analysis of project data can often enhance overall
project results significantly.

6. Report

6.1 For basic reporting of the project results, include the
following information:

6.1.1 Project or Program Description—General
information, including identification of the project or program,
the reason it was conducted, and improvements made to the
buildings or systems studied;

6.1.2 Data Management Procedures—General description
of the methods used to archive the data, to determine data
quality, to prepare the data for analysis, and to perform the data
analyses;

6.1.3 Analysis Methods and Results—Summary of analysis
(evaluation) methods, experimental design, and project results;

6.1.4 Performance Data—Summaries of monthly (billing)
data, submetred or detailed energy consumption data, demand
data (if included), and temperature and weather data; and

6.1.5 Building Description Data—Survey data that describe
each building and associated building systems, functional use
areas, tenants, schedules, base energy data, and energy
improvements, as appropriate.

6.2 For project or program description reporting, include the
following information:

6.2.1 Project or program identification, sponsoring
organization(s), and contact persons for those interested in
learning more about the work;

6.2.2 The number of buildings involved in the project and a
brief description of the types of buildings;

6.2.3 Project goals, objectives, and the questions addressed;
and

6.2.4 A brief, general description of the energy improve-
ments made to the building(s) or system(s) during the project
(for example, shell retrofit, systems retrofit, and operation and
maintenance changes).

6.3 For reporting of the data management procedures,
include the following information:

6.3.1 The software used for checking data quality, archiving
data, processing data before analysis, and performing data
analyses;

6.3.2 The computer resources required to conduct the proj-
ect and the amount of data archived (bytes); and

6.3.3 The number of files archived, a general description of
the data contained in these files, and a description of the data
available for transfer to others.

6.4 For reporting of the analysis methods and results,
include a description of the following:

6.4.1 The experimental design and analysis approach used.
6.4.1.1 Typical experimental designs include on-off, before-

after, test-reference, simulated occupancy, nonexperimental
reference, and engineering field test (see 5.2.3).

6.4.1.2 The analysis approach is described by recording the
degree to which the data should be detailed, the modeling
methods used for the energy data, and the form or type of the
model (or equations) used to describe building or system
performance. Any calculations or methods used to account for
performance variations caused by changes in building charac-
teristics (if any) are also recorded.

6.4.2 Basic Analysis Results of the Energy Monitoring—
Energy use indexes should always be reported. The annual
energy use intensity, EUI (MJ/m2 of floor area (kBtu/ft2)), is an
example of a simple index. The EUI based on the total amount
of all fuels used in a building should be the minimum value
reported. If possible, the EUIs for heating, cooling, lighting, or
other end uses that are expected to be measured by the energy
monitoring project or affected by energy improvements made
during the project should also be reported. If improvements are
made affecting heating or cooling, the annual building perfor-
mance index, BPI, should be calculated and reported. BPI is
expressed in MJ/m2-DD (kBtu/ft2-DD), where the following
must be specified: nature of the energy quantity (MJ), the floor
area used (m2), and the nature of the DD (degree days). If
possible, any other performance index that is helpful in
interpreting the results should also be reported. Typical electric
demand values (for example, peak kW) can also be provided,
when appropriate, for interpreting project results and when
available for the summer, winter, or other periods of impor-
tance. The effects of complicated demand price structures may
cause difficulties in presenting useful demand values, so the
most appropriate presentation should be selected, and the
important features of the demand presentation should be
described.

6.5 Summaries of energy performance data for the moni-
tored buildings should be developed to provide an overview of
the results of the project. Data summations or aggregations are
often performed as part of the analysis conducted for the
project, and it is often useful to report important intermediate
results that help provide insight into the project results.

6.6 For projects impacted by outdoor temperatures, such as
those in which heating or cooling energy are measured or are
of interest, outdoor temperature data should be reported daily
as the minimum time interval (these data are needed to support
proper analysis). Daily temperature data derived from shorter-
interval temperatures are acceptable, that is, hourly, 15-min,
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and so forth, that are averaged over the day. Daily outdoor
temperature data can also be calculated from the average of
daily maximum and minimum temperatures (two values).

6.7 Building description data provide an understanding of
the complexities of the buildings in the project. Suggested
building description data include the following: general and
building envelope data, tenant information to define energy
systems used by each tenant, building zone information to
define the functional uses of the building and the types of
energy systems serving these functional uses, information on
zone schedule and occupancy, energy systems data, and de-
scriptions of energy improvements being evaluated, if any.

7. Data Storage

7.1 An archive copy of the data collected for a project
should be made, preferably on a computer medium such as

magnetic disk or magnetic tape, so that the results can be
shared with interested individuals. Suggestions to consider
when transferring data to others are provided in Appendix X2.
Users of this guide are cautioned that careful planning of the
data archiving procedure is necessary (see 5.2.4) to ensure that
the requirements of Appendix X2 may be met.

8. Keywords

8.1 building; building energy performance; commercial;
data analysis; data management; data verification; energy
monitoring; experiment; facility; institutional; project develop-
ment; project planning; protocol

APPENDIXES

(Nonmandatory Information)

X1. EXAMPLE OF INTRODUCTORY MATERIAL FOR DETAILED PROJECT DESIGN HANDBOOK

X1.1 This appendix provides a specific example of the type
of material necessary to define and manage an energy moni-
toring project. This example treats the case of an electric utility
that wishes to measure the end-use electrical loads for a sample
of customers. This example thus does not apply to all types of
energy monitoring projects, but it does indicate the issues that
most commercial or institutional energy monitoring projects
should address in developing a monitoring protocol.

X1.2 Project Objectives and Configuration:

X1.2.1 The primary objective of the project is to collect two
years worth of data on end-use load, internal temperatures, and
associated customer characteristics for a sample of approxi-
mately 50 commercial buildings.

X1.2.2 The data collected will be applied for research
purposes within the utility. The data from this project will be
made available to the entire utility for uses such as load
forecasting.

X1.2.3 A project office that serves as the direct operational
base is established in the major operational city for the project.
This office coordinates all aspects of data collection and
interaction with the utility. All recruitments of buildings and
data collection activities are based in this office, with the
required staff and equipment available for immediate applica-
tion to project activities.

X1.2.4 The utility approves each site for installation. A
value engineer aids in this process by reviewing the proposed
installation documents and associated costs. Utility represen-
tatives help facilitate contact with the customers in the build-
ings to be monitored.

X1.2.5 The example is as follows. An actual project hand-
book would typically be expanded to cover more topics.

1. Introduction
1.1 Overview of Handbook—This handbook documents

procedures used in the commercial energy end-use monitoring
project. Step-by-step instructions are provided on how to
implement, maintain, and ultimately terminate end-use meter-
ing at a selected customer site. An explanation of the overall
measurement concepts guiding the project is provided, and
status tracking methods necessary to assess the progress of the
project may be discussed. Procedures for collecting character-
istics data are also enumerated.

1.2 Handbook Organization—In general, the handbook is
organized in chronological order. Procedures for activities
occurring early in the project (such as site selection) are
described first, and activities occurring at the end of the project
(such as the removal of monitoring equipment from a site) are
described last. Certain chapters, however, contain general
information that is applicable to all phases of the project. An
appendix of reference materials is also provided. This appendix
contains a glossary, a list of codes used in the project and their
meanings, and other reference materials that may be useful in
project activities.

2. Overview of Process
2.1 This section provides a brief overview of the activities

conducted at each site that participates in the project. Each of
these activities is described in detail in the body of this
handbook.

2.2 Selection and Recruitment—Procedures for site selec-
tion are described. After the sites are selected, each of the
potential sites is visited briefly during a walk-by survey.
During this walk-by, limited preliminary data on each site are
collected so that the sites can be classified accurately by
categories of interest for the project. The recruitment process is
then initiated. The object of recruitment is to encourage site
owners to agree to participate in the project. To help facilitate
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