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1. Scope can make a crucial difference in the value of project results

1.1 This guide describes a methodological approach téelative to the expense. _
developing protocols for collecting empirical building or 42 Increasing the widespread understanding of how energy
facility energy performance data. is used and the types of services it provides in commercial,

1.2 The methodological approach covered in this guide idnstitutional, and related (light industrial, large multifamily,
appropriate for commercial and institutional buildings or@nd mixed commercial/residential) buildings has proved to be
facilities, and with some adaptations, the approach can also tfficult. This difficulty arises from the following variables: the
used for larger multifamily buildings or small industrial build- complexity of buildings as energy systems; the diversity of
ings or facilities. sizes, uses, s_chedules, and types of bundlngs_; t.he. ch_a_nges in

1.3 This guide does not specify a complete project orses of buildings; and the mixture of uses within individual
experimental design, the hardware or software needed for dafyildings. These factors make building energy performance

collection and data management, or the data analysis tecRd energy (and dollar) savings from energy improvements
niques to be used. difficult to categorize and compare.

1.4 The values stated in S| units are to be regarded as the4-3 The audience for this guide is diverse, including energy

standard. The values given in parentheses are for informatiopHPPliers such as utilities, building owners and managers,
only. building occupants, designers, public and private research

1.5 This standard does not purport to address all of theOrganizations, equipment manufacturers, and public regulators.
safety concerns, if any, associated with its use. It is the 44 The user of this guide must be familiar with the
responsibility of the user of this standard to establish approfundamental techniques of engineering project management
priate safety and health practices and determine the applica@nd energy performance data collection, data management, and

bility of regulatory limitations prior to use. data analysis. See Ref&-4)® for a discussion of techniques
related to the collection and analysis of energy performance
2. Referenced Documents data.

2.1 ASTM Standards:

E 631 Terminology of Building Constructiofis 5. Procedure

5.1 Because initial goals and objectives often lead to exces-

3. Terminology sive costs for field data collection, an iterative approach to
3.1 Definitions: Terms related to buildings and facilities in Project development is usually necessary. Once the goals and
this guide are defined in Terminology E 631. objectives are defined, costs for completing the project can be
3.2 Definitions of Terms Specific to This Standard: estimated. If the costs are too high, the goals and objectives are
3.2.1 building—generally used in this guide to refer to redefined (next iteration) to attempt to achieve more realistic
either a building or a facility. costs, and further iterations are conducted as necessary.
5.2 Project Development Activities
4. Significance and Use 5.2.1 Identify project goals, objectives, questions to be

4.1 The collection of empirical data to determine buildinganswered by the project, and constraints such as the available
energy performance is an important but complex and costhpudget. This activity should always be conducted early in
activity. Careful development of energy monitoring projectsProject development.

5.2.2 Specify the minimum data products and the desired
project output. The data needed to answer the project questions

L o ) or meet specific objectives must be identified. The data
This guide is under the jurisdiction of ASTM Committee E-6 on Performance
of Buildings and is the direct responsibility of Subcommittee E6.25 on Overall
Performance of Buildings. e
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manipulations or calculations necessary to provide the desired (2) Time-independent data include specific items of interest
results should be identified. If possible, desired formats for theecessary to define the project, such as descriptive data of the
presentation of data results should be developed. The nature biiilding or data on the costs of installing an energy-saving
the minimum expected final output should be defined. device. Projects should not proceed unless project developers

5.2.3 Choose an experimental design that is appropriate f@stablish a reasonably concrete procedure for describing the
the project to be conductgd-3). The design is influenced by buildings in the project. See Ref&-3) for guidance in these
choices between the number of buildings to be monitored an@reas. Users must be careful to avoid the problem caused by
the potential ability of the data collected to define the energydefining a building by the Standard Industrial Classification
performance of interest. Increasing the number of building€SIC) code(8) of the company that occupies the building. The
improves the potential usefulness of statistical measures déinction of the company may be manufacturing steel, while the
performance but also increases the cost. Increasing the mef&nction of the building is to be an office. Good practice for
surement of physical quantities may improve the understandingrotocol guiding the collection of building energy performance
of events in individual buildings, but it also increases the costdata would dictate that the building be treated as an office, but
Tradeoffs between costs and measurements may begin as thge of the SIC code could mistakenly identify the building as
experimental design is being developed. an industrial building.

5.2.4 Develop data management procedures that can handle5.2.7 Resolve inconsistencies between desires (goals, objec-
the (typically) large amounts of data collected. Computettives, project questions, and desired data) and realistic expec-
resources are required to handle the data reasonably; sortaions for accomplishments, including resource and time
evaluation of required computer resources should therefore mnstraints and uncertainties concerning the correct methods to
conducted. The required computer resources depend on thise. At this point, project developers must be able to state the
volume of data to be collected, the methods used to determimamifications of resource limitations; to compare options avail-
the data quality, and the methods used to analyze the data. Adble for conducting the project within the available resources
data should be stored on computer media, and good qualityr with incremental resources; and to determine final goals,
assurance practices include storing archive copies of the data abjectives, project questions, and project output for the differ-
more than one location in case of fire. Methods for determiningnt options. If uncertainties in methods (especially data pro-
data quality should be computer-based. Data quality should beessing or analysis methods) are great at this point, larger-scale
examined as soon as possible after the data are collected ppojects should usually be preceded by pilot-scale projects to
determine whether quality problems have arisen. Data apermit exploratory investigation or the tuning of potential
chiving procedures should facilitate use of the chosen analysisiethods to meet project needs. Uncertainties in data results,
methods or computer programs, which means that the formatsich as plus or minus percents at the 90 or 95 % confidence
required for analysis should be determined so that little datéevel, should be quantified to the extent possible and stated as
reprocessing is required. Data archiving procedures should algmart of the expected project output.
be well documented so that the data can be understood easilys 5 g pesign a detailed project. Once realistic project goals,

by analysts and good data transfer procedures (see Appendijectives, questions to be answered, and data output and
X2) can be followed. formats are defined, the detailed project design begins in
5.2.5 Specify minimum data analysis procedures (see Refsarnest. The usual project planning and management methods
(4-7) for examples and guidance). The analysis proceduregan be used here. Tasks are identified and assigned to appro-
chosen will often affect the field data that must be collectedpriate organizations or personnel. Final hardware selection or
The specification should include the identification of analyticaladjustments are made. It may be necessary to recruit partici-
models, data reduction techniques, error analysis, and desirg@nts for the project. Data collection methods and schedules
final output from the analysis to at least meet the requirementgre developed. Data verification and quality assurance proce-
of 5.2.2. If the experimental design requires, sample sizegures, as well as data recording methods and formats, are
should be selected and the impacts of sample sizes on overgléveloped. Maintenance requirements are identified and a
costs evaluated. Consideration should be given to the |ik6|imaintenance p|an designed_ If possib|e, methods for dea”ng
hood that advances in analytical methods will occur over theyith changes over time in the building must be identified and
course of the project, which means that these minimumested. An analysis plan is designed; analyses must include
analysis procedures may require yearly review. both initial analysis or verification of data for reasonableness
5.2.6 Specify the field data to be collected, based on aand accuracy and ongoing analysis of data that are received
interactive consideration of required inputs for specific analysigfor error-checking, at a minimum, and final analysis of the
methods and a definition of the building circumstances, coneverall results). An example of some of the detailed project
ditions, or influences of interest. Data are of two major typesdesign considerations for one type of energy monitoring
time-dependent and time-independent. project (measurement of end use energy for a sample of
(1) Time-dependent data include weather and energy Conapproximately 50 bUI|d|ngS in the service territory ofa Specific
sumption data. Users must be careful that times are recordédectric utility) is given in Appendix X1.
consistently throughout the project for all parts of a project. 5.2.9 Conduct the project. As stated in 1.2, details are not
Problems can arise when switching between daylight angrovided here. So many details exist concerning projects for
standard time and when projects span more than one time zormllecting building energy performance data that volumes can
All times should be recorded in standard time. and have been written on the subject. Developers and managers
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of projects should understand that analysis of project data is 6.4.1.1 Typical experimental designs include on-off, before-
necessary to develop results, which is the purpose for conductfter, test-reference, simulated occupancy, nonexperimental
ing the project. A primary failing of many projects is that datareference, and engineering field test (see 5.2.3).

collection is permitted to take on a life of its own at the expense 6.4.1.2 The analysis approach is described by recording the
of the analysis. Analysis should proceed during the project agegree to which the data should be detailed, the modeling
a quality assurance measure and should continue after the daffethods used for the energy data, and the form or type of the
collection is complete. Because projects may take years tgodel (or equations) used to describe building or system
complete, the potential evolution in data analysis methodgerformance. Any calculations or methods used to account for
during this time may cause adjustments in final methods Operformance variations caused by changes in building charac-
reporting requirements (see 5.2.5). A commitment to someeristics (if any) are also recorded.

continuing analysis of project data can often enhance overall g 4 2 gasic Analysis Results of the Energy Monitoring

project results significantly. Energy use indexes should always be reported. The annual
6. Report energy use intensity, EUI (MJfwf floor area (kBtu/ff)), is an
example of a simple index. The EUI based on the total amount

6.1 .For. basic rgpgrtmg of the project results, include theof all fuels used in a building should be the minimum value
following information:

6.1.1 Project or Program Description-General informa- reported. If possible, the EUIs for heating, cooling, lighting, or

tion, including identification of the project or program, the other end uses that are expected to be measured by the energy

reason it was conducted. and improvements made to thmonitoring project or affected by energy improvements made
o o P guring the project should also be reported. If improvements are
buildings or systems studied;

6.1.2 Data Management ProceduresGeneral description made affecting heating or cooling, the annual building perfor-

) X ance index, BPI, should be calculated and reported. BPI is
of the methods used to archive the data, to determine da pressed in MJ/FDD (kBtu/ft>-DD), where the following
gﬁg:gg’etso_ prepare the data for analysis, and to perform the datr%ust be specified: nature of the energy quantity (MJ), the floor

' . . area used (A), and the nature of the DD (degree days). If
B o ey goSSe, any other perormance ndex thal is heptl i
6.14 Performance,DaEal—Summaries gf ;nonthpl J(billin ) terpreting the results should also be reported. Typical electric
datr;l .submetred or detailed energy consumption }(ldata dgmag mand values (for example, peak kW) can also be provided,
data (if included), and temperature and weather data; and en appropriate, for interpreting project results and when

- o .~ available for the summer, winter, or other periods of impor-
6.1.5 I_3u_|ld|ng Descrlpt_lon Data_—S_urvey data that de_scnbe tance. The effects of complicated demand price structures may
each building and associated building systems, functional u

areas. tenants. schedules. base enerav data. and ener Sceayse difficulties in presenting useful demand values, so the
’ ’ o 9y ' 9 ibst appropriate presentation should be selected, and the
provements, as appropriate.

6.2 For project or program description reporting, includetheIrnportant features of the demand presentation should be

o or described.
following information: _ _
6.2.1 Project or program identification, sponsoring organi- 6-5 Summaries of energy performance data for the moni-

zation(s), and contact persons for those interested in Iearnintgred buildings should be developed to provide an overview of
more about the work: the results of the project. Data summations or aggregations are

6.2.2 The number of buildings involved in the project and a°ftén performed as part of the analysis conducted for the
brief description of the types of buildings: project, and it is often useful to report important intermediate

6.2.3 Project goals, objectives, and the questions addressd§Sults that help provide insight into the project results.
and 6.6 For projects impacted by outdoor temperatures, such as
6.2.4 A brief, general description of the energy improve-those in which heating or cooling energy are measured or are
ments made to the building(s) or system(s) during the projec®f interest, outdoor temperature data should be reported daily
(for example, shell retrofit, systems retrofit, and operation an@s the minimum time interval (these data are needed to support

maintenance changes). proper analysis). Daily temperature data derived from shorter-
6.3 For reporting of the data management proceduredhterval temperatures are acceptable, that is, hourly, 15-min,
include the following information: etc., that are averaged over the day. Daily outdoor temperature

6.3.1 The software used for checking data quality, archivinglata can also be calculated from the average of daily maximum
data, processing data before analysis, and performing dagd minimum temperatures (two values).

analyses; 6.7 Building description data provide an understanding of
6.3.2 The computer resources required to conduct théhe complexities of the buildings in the project. Suggested
project and the amount of data archived (bytes); and building description data include the following: general and

6.3.3 The number of files archived, a general description obuilding envelope data, tenant information to define energy
the data contained in these files, and a description of the datystems used by each tenant, building zone information to

available for transfer to others. define the functional uses of the building and the types of
6.4 For reporting of the analysis methods and resultsenergy systems serving these functional uses, information on
include a description of the following: zone schedule and occupancy, energy systems data, and de-

6.4.1 The experimental design and analysis approach usescriptions of energy improvements being evaluated, if any.
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7. Data Storage 8. Keywords

7.1 An archive copy of the data collected for a project g1 huilding; building energy performance; commercial;
should be made, preferably on a computer medium such agata analysis; data management; data verification; energy

magnetic disk or magnetic tape, so that the results can bgonitoring; experiment; facility; institutional; project develop-
shared with interested individuals. Suggestions to considet, ot project planning; protocol

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.

APPENDIXES
(Nonmandatory Information)

X1. EXAMPLE OF INTRODUCTORY MATERIAL FOR DETAILED PROJECT DESIGN HANDBOOK

X1.1 This appendix provides a specific example of the typeproject may be discussed. Procedures for collecting character-
of material necessary to define and manage an energy moristics data are also enumerated.
toring project. This example treats the case of an electric utility 1.2 Handbook Organization-In general, the handbook is
that wishes to measure the end-use electrical loads for a sammeganized in chronological order. Procedures for activities
of customers. This example thus does not apply to all types afccurring early in the project (such as site selection) are
energy monitoring projects, but it does indicate the issues thatescribed first, and activities occurring at the end of the project
most commercial or institutional energy monitoring projects(such as the removal of monitoring equipment from a site) are

should address in developing a monitoring protocol. described last. Certain chapters, however, contain general
information that is applicable to all phases of the project. An
X1.2 Project Objectives and Configuration: appendix of reference materials is also provided. This appendix

X1.2.1 The primary objective of the project is to collect two contains a glossary, a list of codes used in the project and their

years worth of data on end-use load, internal temperatures, a gmngs,.a.nld other reference materials that may be useful in
associated customer characteristics for a sample of approxXfroJect activities.

mately 50 commercial buildings. g'lo_\FErVieW O.f Procegg brief . fth -
X1.2.2 The data collected will be applied for research “° IS section provides a brief overview of the activities

purposes within the utility. The data from this project will be Cr? nducte? att eaqh the th%t [:c)jar.tluga;[e? In t?ﬁ p[)OJZCt' Efafhh of
made available to the entire utility for uses such as loa ese activities 1S described In detail in the body ot this

forecasting. andbook. . . .
%1 23| i roiect office that serves as the direct operationa 2.2 Selection and RecruitmentProcedures for site selec-
N proj : SErV ; y p 0NN are described. After the sites are selected, each of the
base is established in the major operational city for the projec

This office coordinates all aspects of data collection an otential sites is visited briefly during a walk-by survey.
interaction with the utility. All recruitments of buildings and uring this walk-by, limited preliminary data on each site are

data collection activities are based in this office, with thecollected so that the sites can be classified accurately by

required staff and equipment available for immediate applic categories of interest for the project. The recruitment process is
€q . _equip PPIC o initiated. The object of recruitment is to encourage site
tion to project activities.

owners to agree to participate in the project. To help facilitate

X1.2.4 The utility approves each site for installation. A yhe recruitment process, utility account representatives will be
value engineer aids in this process by reviewing the proposeg,,oved extensively in this stage.
installation documents and associated costs. Utility represen- 5 3 hitial Site Survey—An initial site survey (ISS) is

Fatives help fac.ilitate contact with the customers in the b””d'completed by a survey team at each site that has been recruited
ings to be monitored. _ successfully. The primary objectives of the ISS are to deter-
X1.2.5 The example is as follows. An actual project hand-mine whether the site is suitable for monitoring and to develop
book would typically be expanded to cover more topics.  an estimate of the cost of monitoring the site. If the site consists
1. Introduction of multiple buildings, a primary building (the building to be
1.1 Overview of Handboek-This handbook documents monitored at the end-use level) is identified in the ISS. Detailed
procedures used in the commercial energy end-use monitoririgformation on the electrical (and gas) distribution system(s) in
project. Step-by-step instructions are provided on how tdhe building is then collected, along with some basic informa-
implement, maintain, and ultimately terminate end-use metertion on the site and building in general. After the ISS is
ing at a selected customer site. An explanation of the overattompleted, the survey team estimates the full cost of monitor-
measurement concepts guiding the project is provided, anithg the site and recommends whether the site should be
status tracking methods necessary to assess the progress of #iteepted for the study. The utility must approve the site for
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participation before any further work occurs at the site. Thegood as that before the metering. Damaged surfaces in visible
data collection forms used are included in an appendix to thiportions of the buildings will be repaired and holes patched.
chapter. Specific instructions are also provided for return of the

2.4 Site Characteristics SurveyThe site characteristics Monitoring equipment to the project inventory. Both paper and
survey (SCS) consists primarily of a data collection effortelectronic site files will be closed and stored in specified
conducted at the site. Detailed characteristics data on thi@cations.
building(s) and tenant(s) at each site are collected. The data 2.9 Software Operations Guidelnstructions for use of the
collection forms used are included in an appendix to thisPC software (PC-PROJECT) are provided. PC-PROJECT
chapter. For sites with multiple buildings, the survey focusesrocesses and stores both loads and characteristics data. The
on the primary building. Information is collected on the software controls the monitoring hardware to obtain raw loads
building as a whole, each tenant in the building, the electricatiata and then processes the data for storage. For characteristics
and gas loads, and the distribution equipment in the buildingdata, PC-PROJECT is used to generate data collection forms,
If the site includes more than one building, limited data on eaclstore and manipulate characteristics data, generate reports, and
of the secondary buildings at the site is also collected. support project tracking.

2.5 Measurement Plan Developmenthe information col- 3. Measurement Protocol
lected in the SCS on electrical and gas loads and distribution 3 1 pata requirements for energy monitoring at selected

equipment is used to develop a measurement plan (MP) for theymmercial customer sites are described in this section. The
site. Procedures for developing detailed specifications andyncentual approach for the measurement is also described. Al
costs for monitoring the site as part of the MP are alsOyiaitinyolved in implementation of the project must understand

described. Measurement Plan Development includes assignifigese concepts. Data is collected for a site in the project. A site
identified loads to data logger channels, determining thes jefined as a collection of one or more buildings located

number of channels and Ioggers_ necessary to meet the M&Fithin the same block that are occupied or operated by one
surement goals of the project, itemizing hardware requirey, qinass establishment. For purposes of the monitoring project,

ments, specifying the location and type of monitoring equip-, yiiding is generally considered to be a structure that has

ment to be installed, and preparing an installation cost estimatgvalls and a roof and always has a thermally independent
The data collection forms used are included in an appendix tQ

. i stem for providing end-use services. For example, a site
this chapter. The completed measurement plan (with costs) ﬁ)ﬁ/ight be an automobile dealership that has one building
submitted to the utility for approval. The utility must approve d

. : . evoted to new car sales, one to repair, and one to used car
the site for installation before further work can proceed at thesales P
site. '

2.6 Installation—The MP developed for each site will be 3.2 One building at each site (generally the largest or most

. ) . . . pical) becomes the focus for end-use metering and detailed
implemented by installing sensors and data logging equipmen

. ) . ) ata collection; this building is called the primary building.
Procedures for installing the equipment are described. ConI=he space in this building is divided into tenant spaces. For the

necting the systems correctly, loading equipment and SOﬂwaégurposes of this study, the tenants are either business estab-

settings, and initializing data_\ co_llectlo_n are also part pf t.h ishments or the common facilities of a building. Tenants are
installation process. Each site is subjected to a verification ; .
combined to form business types. Common and external

process to ensure that the installation activities were accom-__. .. . .
. ; . cilities are always combined to form a common business
plished correctly. The data collection forms used are include . o )
pe. All other tenants are combined, based on their industrial

n an app.endlx to this chapter. o classification, to form either one of the five target business
2.7 Maintenance-Procedures for maintaining loads andt es (office, warehouse, restaurant, food-retail, or nonfood

characteristics data at operational sites are described. Each ail); the other commercial business type: or the honcommer-

W'"bb? contacted at S|x-r:n0r:1th mtervalﬁ to detﬁrmme froM il (residential and industrial) business type. In buildings
verbal communication whether gross changes have occurr ving more than one floor, tenants are organized by tenant-

with the building, the tenants, or t_he equ.ipment. Updatles to thﬁoor spaces to facilitate the collection of site characteristics
SCC, the MP, or the site installations will be accomplished a

necessary based on this information. The data from each site is
analyzed routinely for a range of different quality issues.

3.3 Specific measurement concepts related to the collection
of loads, characteristics, and temperature data are as follows.

Should any of these tests fail, or should communication wit h " ds with a di . f the intended f dat
the sites be disrupted, steps will be taken to identify the € section ends with a discussion ot the intended use of data
ollected in this project.

problems and achieve solutions. In cases in which extensive

rework of the installation is required, an estimate of costs for 3.4 Loads Data:

the work will be developed. The utility must approve the site 3.4.1 Energy consumption and power factor are measured in

for restoration before extensive rework can proceed. The dathe project at 30-min intervals. The level of detail of these

collection forms used are included in an appendix to thismeasurements, that is, whether they are end-use energy or total

chapter. energy consumption measurements and whether they are made
2.8 Removak-At the conclusion of the metering period for at the site, building, or business type level, depends on the

each building, the metering equipment and associated sensdi@nfiguration of the site.

will be removed and the site returned to a condition at least as 3.4.2 Levels of Measurement:
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3.4.2.1 The primary target level of measurement is thecertain end-uses are optional (that is, they should be monitored
business type, defined as a group of tenants, located within separately if it is not too costly to do so). Required end-uses
building, that all belong to the same business type markeinclude internal lighting, HVAC (heating, ventilation, and air
segment, for example, office. End uses are optimally measurezbnditioning), external loads, designated process load(s), and
by business type within a building. If a building is mixed use other loads. The required process loads vary by the business
(thatis, contains more than one business type), energy end-usgpe of the site being monitored. Table X1.1 depicts the
in the common and external areas of the building are monitoretequired end-use process loads for each business type.
as a separate, common business type. If the building contains3.4.3.2 The optional end-uses are the components of HVAC:
only one business type, or if the building is mixed use, but ncheating, cooling, and ventilation/auxiliary. HVAC should be
services are shared by more than one business type, end-usscomposed into these separate components when the incre-
measurement at the business type level can be achieved. mental cost is low because of convenient arrangement of the

3.4.2.2 The Secondary target level of measurement is tth”ding’S electrical Wiring, and the additional channels of data
building. This level of metering is necessary because energgollection do not necessitate the use of additional loggers. If
end-use services are shared in some buildings by more than oRessible, the disaggregation of HVAC should be accomplished
business type (for example, a building containing an office andt the business type level of metering.
retail establishment that has a central HVAC system). If an 3.4.4 Measurement Guidelines:
energy end-use service is shared among business types, it is3-4.4.1 Several measurement guidelines have been devel-
assigned to the common business type. The individual busine§ped to help meet the project’s goals of collecting high-quality
types may then be missing that end-use. For these sites,d@ta at a reasonable cost.
complete picture of end-use consumption is possible only at the 3.4.4.2 First, monitor as high in the distribution system as
building level. For the example of an office/retail mixed-usepossible. For each building to be monitored, a detailed electri-
building with a central HVAC system, the HVAC energy use is cal distribution riser diagram is prepared. As part of the SCS,
a service shared by different business types and is therefoddl significant pieces of equipment are identified and assigned
assigned to the common business type. Thus the commdA particular nodes of the electrical riser. Nodes are selected for
business type includes all HVAC consumption in the building,monitoring based on the classification of equipment that is
while the office and nonfood retail business types have n&erved by the node. The intention is to minimize the number of
HVAC end-use at all. In a case such as this, useful (complete)yonitored nodes to keep the cost of the monitoring system and
end-use breakdowns can be obtained only at the building levelnstallation as low as possible. In practice, this means that the
Building level end-use measurements can be achieved for tHgonitored nodes are as high in the electrical distribution
primary building at every site, regardless of configuration;System (or as near to the utility meter) as possible.

these measurements represent the minimum level of end-use3.4.4.3 Second, do not insist on absolute end-use purity.
detail required by the project. Absolute purity of end-use measurement is expensive to

3.4.2.3 If the primary building contains some noncommer_achieve and often has marginal benefits. A criterion for end-use

cial space, end-use energy consumption in that space is nBHrty. called the “ten percent rule,” has therefore been estab-
monitored. Instead, only total energy consumption for thafished. If an actual end-use assigned within apartlcula_r node is
space will be measured. The total noncommercial consumptiof<Pected to represent less than 10 % of the consumption of the

must be added to the sum of the building’s end-use consump?—Ode' and the consumption of the actual end-use within that
tion to obtain total consumption in the primary building. If the "0de represents less than 10 % of the total for that end-use

commercial space in the building shares services with th&/ithin the business type (or building, if that is the appropriate

noncommercial space, the building should be rejected from thi€Vel of end-use detail), that end-use does not require separate
study. monitoring in that node. Instead, the circuits in the node with

that end-use should be reassigned to a more predominant end

3.4.2.4 A third level of measurement is the site. If the site : X :
. o ) . use. A secondary end-use will occasionally be encountered in
consists of only one building, this level is the same as the

building level. However, if the site consists of more than on individual electrical panels dominated by a single end-use.

buildi . L here the secondary end-use is small, it will be considered
uilding, the project must account for consumption in the other art of the dominant end-use. For example. consider a panel
buildings (the secondary buildings). If any secondary buildingJo ‘ pie, P

at the site shares an electrical service with the primary building

(that is, they both draw electricity from the same meter), the  TABLE X1.1 Required End-Use Process Loads for Each

total consumption in the secondary building is monitored. This Business Type

measurement will generally be taken at the point at which thé Process Load

service leaves the primary building to move to the secondary  Business Type Food Fefriverati Data
building. If the secondary building does not share any service Preparation elrigeration Processing

with the primary building, no 30-min data are collected. office required

Consumption for these buildings must be obtained from the Non-food retail -
Restaurant required required

utility’s readings of the utility meter(s) serving those buildings. ~*°" = required required
3.4.3 End Uses: Warehouse required
Common

3.4.3.1 Certain end-uses are required at each site (that is,gner commercial
they must be measured if they are present in the building), and
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with 20 interior lighting circuits and one circuit dedicated to aeconomic characteristics of the business(es) that occupy the
supplemental, window-mounted air conditioning unit. Thebuilding. For example, do the differences in business hours
entire panel would be monitored at a single point, identified agxplain the difference in lighting use intensity between two
lighting, if the air conditioning unit represented less than 10 %groceries in the sample?
of both the annual load of the panel and of the annual HVYAC 3.5.4 To explain changes over time in end-use consumption
load of the building. The small packaged air conditioner wouldfor a particular site, data must be collected that track any
be identified in the connected load inventory as being conehanges in the physical, operational, or economic characteris-
nected to the monitored lighting node so that analysts coultics of the site at regular intervals throughout the end-use
identify it as a source of error in the estimate of the building’smetering period. For example, did the introduction of a large
lighting load. computer system cause a change in the shape of the data

3.4.4.4 Third, facilitate comparison between end-use datarocessing end-use for a particular office building?
and data from the utility’s meter. All of the channels of end-use 3.5.5 To support extrapolation of the end-use sample results
metering must be designed so that they can be assigned to one,estimate commercial class load shapes and use intensities,
and only one, utility meter. An improved quality control data must be collected that are comparable to data that the
standard is then made possible by comparing power as meatility collects on large, more statistically representative
sured by the utility’'s meter with the sum of the power of samples of the commercial sector.
end-use channels associated with each meter. 3.5.6 There are five levels of characteristics data.

3.4.4.5 Fourth, use redundant metering to help identify 3.5.6.1 Site—For example, how many buildings are con-
installation problems. To ensure the correctness of all collectethined in the site and how many tenants there are in all of the
data and provide a mechanism to identify installation prob-buildings?
lems, every end-use measurement point must be traceable as &.5.6.2 Each Building at the Site-For example, the share of
partial sum of a node higher in the electrical distributionfioor area associated with each business type found in each
system that is also (redundantly) measured. By comparing thguilding.
differences (by phase) between the higher level and the sum of 3 5 6 3 primary (End-Use Metered) Building OntyFor
the lower level measurements, it is possible to isolate particulaéxamme, wall area, gross floor area, and percent of wall area
current transformers that have failed or were improperlyhat is glazed.
installed (or not installed). These checks are particularly useful 3 5 54 Business Type Within the Primary Buildingror

in isolating the reasons that a site which has been operatingample, the enumeration of connected loads and the gross
correctly for a period of time might begln to provide erroneous floor) area of each business type. Common area is treated as a
data. These check measurements will be kept to the absolug%

e . : . ) siness type in mixed-use buildings.
minimum but are mvalu_able N assuring data qu.allty. 3.5.6.5 Tenant in the Primary Building-For example, the
3.4.5 Gas Consumption MeterirgSome fraction of the poyrs of operation and the fraction of business expenses

selected buildings use natural gas as their primary heating flfe(l.ievoted to energy purchases. Vacant areas are treated as
and most of the restaurants have some part of the cookingants.

process load supplied by gas. Natural gas consumption must be
monitored separately to gather complete consumption 'nformq'emperature—sensitive loads, a time series of internal and

tion on those buildings. Gas consumption will be momt_oredex ernal temperature differences is necessary. Internal tempera-
using industry standard meters as the measurement device afidas will be measured directly for the primary building at

installing a pulse initiator in the. meter. The p“!s? signals fromevery site and collected on the same data collection system as
the gas meters are recorded directly on the digital channels

. ; . e energy consumption information. External temperatures are
the data logger and measured with the same time .resc')luuon AVailable from other sources (utility weather data, NOAA). The
all other measurements. Only total gas consumption is MONko | temperature data collected will represent an average
tored (that is, ng gnd-uses are measured). temperature over the time interval of data collection (normally
3.5 Characteristics Data: 30 min). In general, one temperature measurement will be
3.5.1 To understand the end-use measurements of energaken within each HVAC zone of the end-use metered build-
consumption better, information on the physical, operationalings. An HVAC zone is a thermally isolated portion of a
and economic characteristics of each metering site must bguilding that has a separate HVAC system or systems. For
collected. buildings containing more than one business type, and where
3.5.2 To support the interpretation of the metered loads, datéese business types have separate HVAC zones, a temperature
must be collected on the characteristics of connected loads imeasurement will be taken in each HVAC zone within each
each end-use metered building. For example, how many lightsusiness type.
by type of light make up the lighting load in a particular office 3.7 Intended Use of Data-The data collected in this project
building? How many pieces of equipment and how much rateghclude much information considered to be sensitive by the
capacity is included in the lighting end-use that is not lighting?sites participating in the study. The anonymity of the partici-
3.5.3 To explain the differences in end-use load profiles anghants must be respected to the maximum extent possible. The
use intensity between various sites, data must be collected artility is therefore expected to use the data collected in this
the structural characteristics of each end-use metered buildingroject for internal purposes only, unless the data is aggregated
the characteristics of connected loads, and the operational asdfficiently to protect the individual participating sites from

3.6 Temperature Data-To identify and examine
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possible identification. In addition, the site and tenant contact
information will be treated confidentially and will not be
generally released even within the utility.

X2. CONSIDERATIONS FOR TRANSMITTAL OF DATA

X2.1 Data from monitoring projects should be stored ina X2.3 The transmitted data should include the results
form that can be transmitted to others for further analysis oreported in Section 6 of this guide.
comparison with other data. Data to be transmitted to others
should be produced from an archive copy of the data stored on X2.4 The project should have the following documentation
magnetic disk, magnetic tape, optical disk, or another computejvailable for any data stored on computer media for the project:
storage medium. The archive copy should identify missing datgtie or acronym used to refer to the data, data contact
points clearly. The data to be transmitted should be recorded igerson(s), file identifiers or names for all data files developed
a useful format. Useful formats for data transmittal are Sta”description of file(s) (for example, building identifiers, time
dard Data Interchange Format (DIF), or alphanumeric charaGseriggs covered, fuels and submetered data covered), size of

:ers rﬁcordedAiSnCﬁmer_i%an S;[]anglard Cf:%de for Inforn(;agonme (number of bytes, number of records, and record length),
nterc angg ( h i ). W]!td ?a(t: p|_ec? 3 .?ﬁa separate ty 4nd definition of data values (for example, data headings or
comma and each fine o data terminated with a carnage reurty, o, ¢ names, units of variables, location in the file, special

Fixed format of the data in ASCII, with the format readily d d. and missi | tati

described in the data transmittal, can also be useful. Data storégq©€s Used, and missing vaiue representa ion).
in these formats can be read by a wide range of computer
systems and computer programs.

X2.5 When data are transmitted, the following should be
provided: an appropriate reference citation for the data, a credit
X2.2 Nonstandard formats, such as compressed data foline for use in acknowledgments, the type of computer used to
mats, or binary or random access formats, are not reconcreate the data file, the operating system used to create the data
mended for data transmittal. Such formats, while they may béile, the software program used to create the data file, the output
essential to reduce the volume of data for intermediate storaggéile type (for example, DIF, ASCII, etc.), and the computer

are often difficult to read with the software typically available medium (for example, diskette or tape) characteristics.
to most users.
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