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SUMMARY 

The End-Use Load and Conservation Assessment Program is a data collection effort 
designed to provide reliable information on the end-use levels and patterns of elec
trical loads in buildings in the Pacific Northwest. This program, which is sponsored 
by the Bonneville Power Administration and conducted by the Pacific Northwest Labora
tory (PNL), comprises several individual studies taking advantage of a common tech
nology to collect and process data revealing the energy performance of participating 
buildings. The Commercial Base Study is designed to meter, survey, and analyze the 
end-use energy consumption of 200 sites in the City of Seattle. A pilot program was 
conducted to evaluate and refine project methods prior to launching full-scale 
installation activity. The specific objectives of the pilot were to 1) determine the 
best methods to recruit participants, 2) better understand the diversity of building 
characteristics in order to determine installation complexities, 3) document the per
formance of the equipment, and 4) evaluate the performance of installation contrac
tors. This report serves to document the activities conducted to fulfill those 
objectives, focusing on the methods used to recruit and install metering equipment in 
commercial buildings. 

Recruitment of project participants and solicitation of installation contractors 
began in January 1984. Proposals to complete the installations were reviewed in 
February and contracts were awarded to each of the eight proposers to conduct pilot 
activities in two buildings. This decision was based on the need for a realistic 
appreciation of the skills of various installation contractors. Two buildings were 
assigned to each contractor so that PNL staff could work closely with them on the 
first building to provide training, and then evaluate their proficiency on the second 
site with minimal PNL involvement. Each contractor was trained and evaluated con
secutively during the months of May, June, and July 1984. The training consisted of 
one day of classroom work, and four days of field work. This was a rigorous week, 
since the objective was to completely instrument two buildings as well as learn a 
variety of skills. The installations proved to be far from ideal, but did provide a 
quick evaluation of the project methods, initial installation procedures, and con
tractor abilities. 

During the pilot, the installation contractors were responsible for the development 
of measurement plans according to pre-established criteria and for the installation 
of data acquisition hardware. PNL recruited the pilot sites and made all the 
arrangements for access to the building. PNL also took responsibility for the 
installation of meteorological stations on two sites, as well as the balance of pro
ject activities, including building characteristics surveys and site and data verifi
cation. In the full study, contractors will be trained to conduct initial site 
inspections to gauge the expense and suitability of candidate sites, to conduct 
building characteristics surveys, and to carry out site verification checks upon com
pletion of installation activities to assure proper system operation. These changes 
are fundamental to assuring the consistency and quality of contracted efforts. 

Once the contractors had completed their activities, PNL staff took responsibility 
for resolving installation and measurement plan deficiencies in the pilot sites. All 
of the sites required some amount of rework, in part due to changing electrical code 
requirements, in part due to unanticipated verification protocols, and in part due to 
measurement plan and installation errors. Based upon the pilot experience, the 
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installation standard was upgraded to allow both a robust and reasonableness check of 
the data, a verified building characteristics survey, and complete documentation of 
all installed equipment. As of the writing of this report, five of the sixteen pilot 
sites have been upgraded to the current installation standards. The remaining pilot 
sites will be upgraded and verified after the full study contractors are trained. 

The pilot experience confirmed that the monitoring of energy use in commercial build
ings is indeed a complicated and detailed process. Careful attention to measurement 
planning criteria, characterization of the building and its electrical service, and 
verification of data acquisition hardware is essential to assure useful and accurate 
measurements. Obviously, timely availability of hardware and proper training of 
equipment installers are vital to the project's progress. Other factors affecting 
the success of any monitoring exercise include: consistent and complete classifica
tion of building loads, proper selection and scaling of current transformers, identi
fication of the type of electrical service and physical verification of panel phas
ing, provision for redundant measurements to verify system operation, and systematic 
application of data verification checks to assure the accuracy and reasonableness of 
acquired data. 

Close coordination of the project participants is imperative to minimize costs and 
maximize value. Project managers, installation contractors, and technical staff must 
all function independently, yet in an integrated fashion, to provide the necessary 
checks and balances to properly scope and conduct project efforts. The pilot pro
vided a valuable insight into how such interactions should be orchestrated and 
implemented for full-scale installation activity. 
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Worksheet 2: U-Values for Slab-on-Grade Floors. This form is similar to Worksheet 
1, tailored to the methods used to calculate overall floor 
conductances. 

Worksheet 3: Window and Door Types. This form provides for classification of the 
window and door types according to generic categories for tightness, 
construction materials, and sash type. 

Worksheet 4: Window and Door U-Values. This form provides the path by which the 
conductance of the various window and door types identified on 
Worksheet 3 are calculated. 

Worksheet 5: Window Dimensions. This form provides a structure for the calcula
tions necessary to determine the areas of windows by type and 
orientation. 

Worksheet 6: Door Dimensions. Similar to Worksheet 5 tailored to doors. 

Worksheet 7: 

Worksheet 8: 

Worksheet 9: 

Worksheet 10: 

Connected Load 

Wall Dimensions. Similar to Worksheet 5 tailored to walls. 

Roof/Floor Dimensions. Similar to Worksheet 5 tailored to roofs and 
fl oars. 

Total UA Calculation Sheet. This form is used to calculate the UA 
(heat transfer rate) for each building component by orientation by 
integrating the area information from Worksheets 5 through 8, and the 
respective specific conductances from Worksheets 1 through 4. 

Building UA Total Sheet. This form is created to sum the UA values 
calculated above to determine the overall building's conductance by 
orientation and in total. 

Inventory Worksheet: These forms draw upon the connected load 
inventory sitesheets to assign equipment codes and end-use categories, 
and to indicate how each piece of equipment is monitored by the data 
acquisition system. It is this sheet which links the building's 
characteristics data to the measurement plan for verification and 
analysis purposes. 
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Sitesheet 1: Building Utility Meters. This form documents the meter number, 
utility, meter multiplier, and the date and time of meter readings 
made during all visits to the building. 

Sitesheet 2: Building Modifications and Additions. This form is completed during 
an interview with the building contact by noting the year and nature 
of any architectural, mechanical, or electrical modifications or 
additions to the building after initial construction. 

Sitesheet 3: Building Summary Sitesheet. This form requires general information 
about the building size, number and name of tenants, types of 
business, and occupied floor areas. 

Sitesheet 4: Tenant Occupancy. This form provides a record of the operating 
schedule and number of building occupants for various hours of the 
day, days of the week, and weeks of the year. The form also notes the 
year tena ncy began and the name and phone number of the tenant 
contact. 

Sitesheet 5: Construction Summary. This form records the materials used to 
construct the walls, roofs, floors, windows, and doors according to 
their location and orientation. Entries are made for all unique 
components of the building's envelope. 

Sitesheet 6: Building Systems. This form provides information on the type and 
operation of central HVAC and lighting systems. The primary source 
equipment and primary and secondary distribution systems are described 
for HVAC systems. The fixture type, control, and capacities are noted 
for lighting systems. 

Sketchsheets: Floor plans and building elevation drawings are prepared to aid the 
characterization of the building envelope characteristics, and the 
space utilization summary. The dimensions and location of various 
construction elements are depicted in elevation drawings for walls by 
orientation . The tenant locations and building use zones are 
indicated on floor plan sketches. 

Connected Load Inventory Sitesheets: These forms are spread sheets requiring 
specific entries for all equipment having an electrical demand in 
excess of 1 KW as well as all lighting equipment and multiple 
identical loads which add to an aggregate capacity of more than 1 KW 
(e .g., 30 300-watt typewriters). A number is assigned to each zone, 
and the description, fuel type, zone number, number of units, 
capacities, number of phases, and comments are entered. Finally, the 
panel and breaker numbers associated with each load is identified. 

Worksheet 1: Construction U-Value. This form is used to calculate the overall 
thermal conductance of each type of building envelope construction. 
The data from Sitesheet 5 is combined with information on the specific 
conductance of construction materials to calculate component 
conductances. 
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These sitesheets are used back at the office to complete a set of worksheets, which 
guide the manipulation and summarization of the data acquired. Finally a set of 
summary sheets are prepared for encoding of those items deemed appropriate for 
routine building characterization. The forms and procedures associated with each of 
these stages are highlighted below and detailed in the subject handbook. 

Initi~l Site Insp~~j~: During an initial visit to the candidate site several key 
bulld1ng character1st1cs are documented to support a judgement of the adequacy and 
cost-effectiveness of metering the site. The types and uses of fuels supplied to the 
site are documented, the building activity and use zones are established, and the 
level of effort of project activities is estimated. A floor plan for each building 
level is sketched, showing the space utilization and location of electric panels, 
utility meters, and major loads. 

Sitesheets: During the next visit to the site (following PNL review of the Initial 
S1te Inspection package), the measurement plan is developed and several building 
characteristics sitesheets are completed. These sitesheets are briefly described 
later in this appendix. 

Worksheets: Several worksheets are filled out soon after the visit to the site once 
the sitesheets are completed. These worksheets draw upon the sitesheet documentation 
to guide the development of the summary information which is encoded into the 
program's database. The worksheets are briefly described later in this appendix. 

Building Summary Sheets: The building summary sheets summarize information from the 
~itesheets and worksheets completed above for encoding into the program's data 
base. A Cover Sheet provides information that is known before the building is 
surveyed.---It identifies the persons conducting the survey, the site's identification 
code and owner, and information on the structures at the building site derived from 
the drive-by. Since this information reveals the identity, location, and ownership 
of the metered buildings, it is 11 business sensitive .. information and stored in a 
protected field in the project's data base. 

A Characteristics Summary form consists of seven sections. The first is a summary of 
general building data with respect to space utilization and building contacts; the 
second section summarizes the central HVAC system's primary equipment; the third 
section summarizes the HVAC distribution systems; Section 4 summarizes the envelope's 
characteristics, giving the area and conductance of various construction elements by 
orientation; the fifth section provides information on the type and schedule of 
various controls; Section 6 is a compilation of selected connected load inventory 
forms associated with common and exterior zones, Sitesheet 1 and Sitesheet 2; the 
final section provides information on each building tenant's building zones, unitary 
HVAC equipment, occupancy schedules and tenant connected load inventory forms. 

CHARACTERISTICS SURVEY FORMS 

The following is a description of the forms designed to gather information for the 
building characteristics survey. Copies of these forms can be found in Appendix B of 
ELCAP's Commercial Study Handbook Four: Building Characteristics Data Collection 
(forthcoming). 
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APPENDIX C 

SURVEY BACKGROUND AND CONTENTS 

Various data collection techniques and forms were devised and tested throughout the 
pilot exercise. The initial effort focused upon one site (GR0401) where PNL and its 
prime survey consultant, United Industries Corporation (UIC), proceeded to 
exhaustively document the site•s characteristics to support detailed (DOE-2) 
simulation of building energy performance and conservation potential. This effort 
resulted in the compilation of a complete, but voluminous and expensive, 
characterization of the building. 

In recognition of the scale of the Commercial Base Study, we decided that this level 
of survey detail would prove unwieldy and unaffordable. Hence, our efforts focused 
upon distilling and refining the contents of the long form to a level considered 
adequate to characterize the monitoring sites and support data verification 
requirements. The most substantive changes included a reduction in the level of 
detail in HVAC and other building system specifications, the deletion of the 
conservation assessment components, and the move to characterize the site at the 
whole building level rather than at the tenant or building use zone level. 

Drafts of the short-form surveys were evaluated in a number of the pilot sites, and 
numerous discussions among the contractors, PNL staff, and BPA regarding the 
appropriate content, procedures, and cost of the surveys transpired. Concurrent with 
this effort, the measurement plan, installation, and data verification protocols were 
being refined and rescoped based on these pilot experiences. Also, the development 
of a regional survey of non-residential buildings to be conducted subsequent to ELCAP 
monitoring was initiated, and careful attention to compatibility between these 
activities was important. 

The draft final short-form survey procedures were implemented in the five sites 
selected for upgrading. This provided estimates of the level of skill and level of 
effort required to conduct surveys in the full sample, as well as samples of the 
revised forms for evaluation and training purposes. The remaining pilot sites will 
be surveyed using the finalized procedures after the training phase of the full 
sample study. 

The use of portable computers on-site by the surveyors was initially considered an 
opportunity t o save time and costs. However, the complexity, variety, and general 
unfamiliarity with commercial building•s characteristics were deemed to present an 
insurmountable challenge to the most proficient programmers and auditors given the 
schedule and budget constraints faced in this project. There remains, nonetheless , 
the possibility that such a system may indeed be workable as our understanding of 
commercial buildings and experience with manual surveying procedures increase and as 
commercially available hardware and software improve. 

The approach determined to be most workable at this time is one involving a staged 
set of surveying activities and forms. Preliminary assessment of the scope and level 
of effort of surveying activity at a particular site is made during an Initial Site 
Inspection. Once this assessment is approved by PNL, the surveyor completes a set of 
sitesheets during the visit to the building when the measurement plan is developed. 
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1.0 INTRODUCTION 

The End-Use Load and Conservation Assessment Program (ELCAP) has been implemented to 
provide the Bonneville Power Administration (BPA) with an end-to-end capability to 
analyze the patterns and magnitude of the electrical needs of end-users. This pro
gram, which is being conducted by Pacific Northwest Laboratory (PNL), should improve 
the accuracy of utility load forecasts and assessments of energy conservation poten
tials. In order to better understand the electrical requirements of the commercial 
buildings in the region, several studies are being conducted concurrently. One of 
these is the Commercial Base Study, which will involve end-use measurements for up to 
200 sites in the City of Seattle. A pilot program was conducted to evaluate and 
refine project methods prior to launching ful 1-scale installation activity. The 
objectives of the pilot program were as follows: 

1. to determine the best methods to recruit participants 
2. to gain an appreciation for the diversity of building characteristics in 

order to determine the installation complexities 
3. to determine the hardware requirements and ascertain its performance 
4. to evaluate the performance of installation contractors 
5. to develop methods for collecting building characteristics data 
6. to develop quality assurance and project management procedures. 

1.1 BACKGROUND AND SCOPE 

Since this study was the first component of ELCAP to undertake field activities, it 
provided the initial non-laboratory experiences with the ELCAP field data acquisition 
systems and installation protocols. In December 1983 ELCAP monitoring equipment was 
first installed in two commercial buildings previously instrumented by Seattle City 
Light (SCL) for their Commercial Hourly End-Use Study. These sites, a large grocery 
and a small office, were selected to provide a side-by-side comparison of the mea
surements made by SCL with those provided by the ELCAP equipment. The primary objec
tive of this effort was to compare the performance of the data acquisition hardware, 
so the measurements made by SCL were duplicated. The results of this test are dis
cussed in Co-...!..!:!_~_~me_0_tatj~T_e_~ Report (Fi shbaugher 1985). 

Following analysis of these data, the hardware performance was evaluated, and found 
to perform well. The measurement methods used were also evaluated and refined for 
application to the balance of the ELCAP sample . Protocols for the routine installa
tion of project equipment were formulated, detailed procedures and draft handbooks 
were prepared, and a pilot for the full-scale effort was designed. 

The sample for the full Commercial Base Study is stratified by building use in 
proportion to the regional electrical sales estimates. One hundred and seventy (170) 
of the sites were constructed prior to 1981, and 30 buildings in particular cate
gories were constructed after the Seattle Energy Code went into effect in 1981. This 
code is similar to that proposed by the Northwest Power Planning Council for region
wide implementation . The full sample is described in detail in an ELCAP report 
entitled _fqrnmercial Sector Sample Design (Baker 1985) . 

The pilot was scaled for 16 sites so as to provide a range of building complexities 
and characteristics. In order to test the ability to handle randomly selected 
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buildings, the single criterion for rejecting pilot sites was if project equipment 
could not be safely installed. The scope of the pilot effort is quite broad, to 
provide a comprehensive test and evaluation of proposed project methods for the 
following activities: 

• participant recruitment and liaison 
• installation contractor training 
• measurement plan development 
• building characteristics data collection 
• hardware installation and performance evaluation. 

1.2 REPORT PURPOSE AND CONTENTS 

This report documents the pilot activities and learning experiences so that the full 
study efforts and other studies of this type can benefit from this experience. The 
remarks here are as candid and to the point as possible, for at least one of the 
purposes of documenting the pilot effort is to reveal the problems confronted in 
order to resolve or avoid them in the future. The report, therefore, also describes 
revised procedures to streamline and improve the full study efforts. 

Following this introduction to the Commercial Base Study, the pilot sites are briefly 
described in Section 2. Each of the following sections delineates the project•s 
goals and activities in the pilot buildings. The recruitment techniques and tracking 
methods are presented in Section 3. Section 4 describes the measurement planning 
activity. Section 5 discusses the collection of building characteristics data. The 
equipment installation activity and hardware performance are discussed in Section 6. 
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COM-2 
6/17/85 

********************~******************************************************* 
For each i~ checked list concern number and elaborate 

Concern I conwnents 

******************************************************************************** 

Estimate level of effort and calendar time needed to rectify concern 

Description of action Level of Effort Schedule 

******************************************************************************** 

Approved course of action: 

By: Date: 
--------------------------------------------------------------------------------- -------------

******************************************************************************** 
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2.0 PILOT SITE SELECTION AND DESCRIPTION 

The pilot sites were selected from the initial sample frame of a random pick of King 
County Tax Assessor Records. A drive-by was conducted wherein candidate buildings 
were photographed and key characteristics recorded. This section of the report 
describes how the pilot sites were selected and summarizes their characteristics. 

2.1 SITE SELECTION 

The number of pilot sites was set at 16 so that each of eight installation contrac
tors would have two buildings in which to install the metering equipment. A pool of 
50 candidate buildings was assembled for recruitment to include at least two new 
(post-1981 construction) sites and a diversity of building types and sizes. The 
drive-by information was reviewed by PNL, SCL and contractor staff, and recommenda
tions were made to BPA with respect to the make-up of the pilot sample. 

The site selection process provided what we believe is a representative sampling of 
the type and variety of buildings which will be confronted in the full sample in all 
but very large buildings. The recruitment process yielded the following sites for 
installation activity: 

• one 
• one 
• one 
• one 
• one 
• two 
• one 
• two 
• one 
• one 

new, small dry good retail 
new, large grocery 
new, small grocery 
new, small fast food restaurant 
new, large full service restaurant 
old, small warehouses 
old, small lodging 
old, large lodgings 
old, large grocery 
old, large school 

• one old, large dry good retail 
• three old, small "others." 

During the initial site inspection with the installation contractors, the old, 
small lodging site was rejected because of safety considerations. This site had 
antiquated electrical service of questionable integrity. The building owner was 
unwilling to bring the site up to the standards necessary to pass an electrical 
inspection, so the site was replaced. The replacement site is a mixed use (small 
grocery and retail) building. 

2.2 SITE DESCRIPTIONS 

In addition to a brief description of the pilot sites provided here, more detailed 
information is available from the building characteristics surveys completed as part 
of the pilot for the five sites upgraded to current installation standards. Surveys 
for the remaining sites will be completed as they are upgraded after contractor 
t raining for the full study. 

The sites are described by building category, keyed to their site identification 
code. The first three letters of this six-character code indicate the building 
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category. The next character indicates the size and age class according to the 
following key: 0 =old small, 1 =old large, 2 =old, very large, 3 =new small, 
4 = new large, and 5 = new, very large. The remaining two characters represent the 
sequence of participation. 

Dry Good Retai 1 

DGR007: This site is a mixed use building with three tenants. The structure is 
very old brick construction with low thermal integrity. Tenant 1 is a 
small grocery/deli of approximately 800 sq. ft. In addition to several 
upright refrigeration cabinets, there is a fair amount of electrical 
food preparation equipment. This tenant uses gas for water heating, 
space heating, and cooking. Tenant 2 is a hair styling salon of 
approximately 700 sq. ft. The major electrical loads are hair dryers 
and miscellaneous appliances. Tenant 3 is a fabric/pillow retailer 
with approximately 800 sq. ft. The only electrical loads here are 
lights, office equipment, and the blower for a gas-fired unit heater. 
The building is monitored in such a way that each tenant is individ
ually metered using the a single, common data acquisition system. 

DGR008: 

DGR30 5: 

Grocery 

This site was a hardware store with associated office administration 
and warehousing. Unfortunately, the site was sold to the Port of 
Seattle in January 1985, and demolished soon thereafter to make way for 
a container shipping facility. This site presented several measurement 
challenges owing to its size, the number and distribution of electrical 
service panels, and the diversity of electrical uses. The retail and 
office space was conditioned by an all-electric rooftop heat pump. 
Large loads associated with power tools, exterior and interior light
ing, and office equipment were monitored. 

This is a well-insulated, two-level structure of approximately 4500 sq. 
ft. The building was constructed in compliance with the Seattle Energy 
Code and is conditioned by two packaged heat pumps. The lower level is 
a furniture retail and warehouse space; the upper level, unoccupied 
office space. The measurement plan isolates the loads of the upper 
level from those below. The major loads of this all-electric building 
are the heat pumps, water heaters, lights and office equipment. 

GR0101: This is a large, old grocery store which is part of a major food 
chain. The brick building is approximately 26,000 sq. ft. with major 
electrical loads for refrigeration compressors, lights, air condi
tioning and ventilation. The store also has electrical loads asso
ciated with food preparation (meat department) and material handling 
(trash compactor). This site challenged the capabilities of the data 
logger owing to the number and variety of electrical loads. Two data 
loggers will be required to adequately monitor the entirety of this 
structure. 
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CANDIDATE BUILDING REJECTION/EXCEPTION FORM 

This form is used to document the reasons for which candidate commercial 
instrumentation sites are to be considered for rejection or exceptional 
treatment. Completion and approval is required prior to investigating 
alternative sites. 

COM-2 
6/17/85 

\:> .. \~ OJ-I · J, JA., 

****************************************************************************** 

Building Address: ____________________________________ Reference #: 

Form submitted by:--------------------------------------- Date: 

***~**~*********************************************************************** 

Building is recommended for ................................ acception o 
................................ rejection o 
........................... . .... exception o 

****************************************************************************** 

Reasons for Recommendation 

Can not identify owner or person authorized to sign access agreemtns 

Owner refuses to grant access due to concerns regarding: privacy 
inconvenience 

Tenant refuses to grant access due to concerns 

1 ega 1 1 i ab il ity 
safety 
aesthetics 
value 
other concerns 

regarding:privacy 
inconvenience 
1 ega 1 l i ab i 1 ity 
safety 
aesthetics 
value 
other concerns 

0 ( 1 ) 

0 ( 2) 
0 ( 3) 
0 ( 4) 
0 ( 5) 
0 ( 6) 
0 (7) 
0 (8) 

0 ( 9) 
0 ( 10) 
o( 11) 
o( 12) 
0 ( 13) 
0 ( 14) 
0 ( 15) 

Unsafe working conditions ................................................ o(l6) 

Inadequate documentation ................................................. o( 17) 

Mixed-use building ....................................................... o(18) 

Vacant building ....... . .......................... .... .................... o(l9) 

Confused end-use loads ................................................... o(20) 

Excessive panels/circuits ................................................ o(21) 

Unconditioned interior ................................................... o(22) 

Manufacturing/industrial activity ........... . ............................ o(23) 

Ongoing involvement in other projects ............... ........ ............. o(24) 

Other unusual circumstances .............................................. o(25) 

********************************************************************************* 
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APPENDIX B 

GR0301: This is a new convenience store of approximately 2500 sq. ft. This 
al 1-electric building is conditioned by a rooftop heat pump with elec
tric resistance backup. After monitoring equipment was installed, 
legal complications with the access provisions emerged and the equip
ment has been at least temporarily removed until this can be resolved. 
The major electrical loads are compressors for the walk-in cooler and 
upright refrigeration cabinets, the HVAC equipment, food preparation 
equipment, and lighting. 

GR0401: This is a new large grocery store, constructed in 1982 to replace a 
store that was destroyed by fire. The al 1-electric store is approxi
mately 15,000 sq. ft. and uses electric resistance heating. Major 
loads are associated with refrigeration and air conditioning. There 
are also large loads for food preparation in the meat department, data 
processing for the cash registers, and material handling for the trash 
compactor. This site has a meteorological station installed. 

LOD001: This is the site of a large motel; however, since only one of several 
buildings on the site is monitored, it is classified as a small lodging 
site. The monitored structure is approximately 8200 sq. ft., including 
a 700-sq. ft. office, 270-sq. ft. laundry, and 800 sq. ft. of mechani
cal and storage rooms. The largest electrical loads are baseboard 
heaters, air conditioners, lights and laundry equipment. The site uses 
gas for water heating. The office is conditioned with a heat pump. 

LOD101: This is a fraternity building at the University of Washington. The 
major portion of the structure is of brick construction and is approxi
mately 17500 sq. ft. on three levels. The lower level is primarily 
study rooms and mechanical/storage space. The major electrical loads 
are for food preparation, lighting and miscellaneous appliances. A 
wood framed addition of approximately 5000 sq. ft. on three levels 
provides bedrooms for the brothers. This site presented particular 
challenges to characterize the repeatedly modified electrical service. 

Restaurant 

RES303: This is a fast food restaurant specializing in hamburgers. The facil
ity was constructed in 1982 and is approximately 3000 sq. ft. The 
building has vestibule entries and is conditioned by a gas-fired roof
top heating/electric cooling unit. The major electrical loads are 
associated with food preparation, refrigeration, lighting, and office 
equipment. Approximately half of the building is a dining area; the 
remainder is kitchen/office space. 

RES402: This is a large restaurant of approximately 7000 sq. ft., which 
includes an office, bar, dining areas and kitchens. The site uses 
natural gas for food preparation; however, water and space heating are 
electric. Additional major electrical loads are for refrigeration, 
food preparation, sanitation and lighting. This site was particularly 
challenging owing to the number and diversity of electrical loads. 
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Schoo 1 

SCHOOl: This is a large, old elementary school of approximately 50,000 sq. ft. 
The major structure is of masonry construction, with a metal frame 
addition of approximately 10,000 sq. ft. The building has two levels 
of classrooms as well as a cafeteria/assembly area. The major elec
trical loads are for food preparation, lighting, and miscellaneous 
equipment. The structure is heated by fuel oil and is not air 
conditioned. 

Warehouse 

WAR004: This is a small, old warehouse of approximately 6000 sq. ft. with space 
for computer supplies, repair work, and an office. This tilt-up con
crete structure is heated with natural gas and electricity. The major 
electrical loads are associated with water heating, lighting, and 
office equipment. 

WAR005: This is a newer all-electric warehouse of approximately 10,000 sq. 
ft. The building is heated by electric resistance elements and is air 
conditioned with a rooftop-mounted packaged unit. The walls are 6-in. 
concrete and the built-up roof is insulated with 2 in. of rigid insula
tion. The major electrical loads are for HVAC, lighting, and shop 
equipment (band saws). 

Other 

OTH002: This is a full service gas station of approximately 1500 sq. ft. The 
building is heated by fuel oil and is not air conditioned. The major 
electrical loads are associated with material handling (fuel pumps), 
shop equipment and lighting. The building is metal framed and pri
marily glass wall construction. 

OTH003: This is a self-service/drop off laundry of approximately 4000 sq. ft. 
Water and space heating are provided by natural gas. The major elec
trical loads are associated with the washing machines, dryers, dry 
cleaning machine, and lights. The drop off area/office is air con
ditioned with a window unit. 

OTH103: This is a church/day care center of approximately 8000 sq. ft. The 
lower level is devoted to the day care operation, while the upper level 
is the sanctuary. The building is heated with fuel oil. The major 
electrical loads are for food preparation, lighting and water heat
ing. The building is not air conditioned. 
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COOPERATIVE AGREEMENT 
END-USE LOAD AND CONSERVATION ASSESSMENT PROGRAM 

(COMMERCIAL TENANT AGREEMENT) 
BUILDING ADDRESS ------------

This attachment to the access agreement signed by the building owner is provided 
to identify and certify the tenants' compliance with the access agreement 
provisions. The tenant(s) identified below are participants in the End-Use 
Load and Conservation Assessment Program. Each participant has reviewed the 
attached access agreement for the building and will comply with its provisions. 
In recognition of this, Battelle will honor its responsibilities under the 
agreement with respect to each tenant. 

1 • 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Tenant Name 
and Location Authorized Sicrnator Sionature Date 
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c. 

D. 

E. 

6. The Permitor shall provide a designated contact with whom Battelle 
can coordinate project activities in the Building, and any inter
action with the Building's tenants affected by the project. 

7. The Permitor agrees not to disturb installed equipment in any way , 
unless authorized by Battelle or as may become necessary for safety. 

8. The Permitor agrees to coordinate with Battelle any changes in 
maintenance practices or physical alterations that could affect 
energy usage in the Building for the term of this Agreement. 

9 . Battelle will not publicize the Permitor's participation in the 
project . All data gathered becomes the property of DOE. 

10. Permitor shall not use Battelle's name or identifying characteristics 
for a dvert i s i ng , sales promotion or other publicity purposes . 

Battelle shall indemnify and save harmless the Permitor, its officers 
and employees against any and all claims, attorney's fees and court costs, 
for injury (including death) or damage to Permitor's property caused 
by the negligence or willful misconduct of Battelle's employees or subcon
tractors in designing , ins t alling , repairing, checking, or using the 
metering equipment attached to the Permitor's energy system. The 
foregoing indemnity shall be limited in amount to the payments made or 
proceeds received by Battelle from the Continental Insurance Company 
under Policy No. Ll311230 and Interstate Fire and Casualty Company under 
Policy No. 55-C-2066649. 

In consideration for the cooperation herein the Permitor shall be provided 
a summary report of the energy-use, audit, and metering results concerning 
its Building at the conclusion of this portion of the project. 

Either party may terminate this Agreement by providing ninety (90) days' 
written advance notice to the other party. 

Each signer of this Agreement has the authority to execute and bind the party 
involv ed and warrants that there are no other agreements, express or implied, 
which are not contained in this Cooperative Agreement or incorporated 
specifically by reference. 

BATTELLE MEMORIAL INSTITUTE 
PACIFIC NORTHWEST LABORATORIES 

By ----------------------------Dean H. Glazier 
Title --~S~u~b~c~o~n~tr~a~c~t~S~P~e~c~ia~l~1~·s~t~----

Date ------------------------------

0200A 30 

Firm -------------------------

Signed -----------------------

Name ------------------------(Please print ) 

Title------------------------

Date -------------------------

3.0 PARTICIPANT RECRUITMENT 

The objective of the recruitment effort was to interest candidate building 
owners and tenants in the project and to acquire authorization to conduct pro
ject activities . The methods used to recruit participants for the Commercial 
Base Study, and tested in the pilot study, were devised in response to the 
following programmatic considerations: 

• high participation rates {>70%) from a randomized list of sites 
• no provision for cash payments to offset inconvenience 
• data to be shared only after 2 years of verified collection 
• no promise of conservation assessment or purchase incentives 
• written agreement granting access to building, data, and utility billing 

records. 

These stringent crite r ia were established to limit sample bias , reduce project costs 
and legally authorize project activities. 

To mini mi ze bi as i n t he r an domized bu ild ing select ion process , it was import ant that 
the participation rates be as high as possible. A part i cipat i on rate of 70% is th e 
recruitment goal for the full sample, and when sites are rejected, specific reasons 
are noted on a site rejection form. Hence, considerable attention is given to the 
sequence of contacts with candidates and the careful execution of these contacts. 

To assure that necessary authorizations are granted and that certain conditions of 
participation are met, a written access agreement is negotiated with representatives 
of the building's owner(s) and tenant(s). This agreement may be tailored to address 
a participant's particular concerns; however, any alterations must be approved by PNL 
prior to acceptance. This agreement is presented in Appendix A. 

In order to track recruitment progress and the status of particular sites , a com
puterized tracking log was maintained on every candidate building. This system 
organizes contacts with the building representatives, and permits timely reporting of 
the number of sites approached, signed-up, probable, or rejected . Periodic review of 
this information assures that the candidates are handled professionally and that the 
sample design is implemented properly. 

After describing the recruitment process, the next section highlights our experience 
with building recruitment during the pilot phase of the project. The techniques and 
materials used to establish and maintain a good relationship with the project partic
ipants are described in an EPRI paper entitled "Commercial Building Recruitment for 
the End-Use Load and Conservation Assessment Program" (Mazzucchi 1985). The material 
which follows provides an updated summary of that paper as well as the experiences 
with recruitment through February 1985. 

3.1 RECRUITMENT PROCESS 

The recruitment activity begins with a review of the information obtained on the can
didate site from the sample design and drive-by efforts and ends with the filing of a 
fully executed access agreement and site t racking log. The recruitment process 

7 



comprises six steps, which are listed below. Progress in each of these steps is 
documented on a site tracking log which is maintained on a personal computer. 

1. Assemble candidate site information. 
2. Make initial telephone contact with owner and tenants. 
3. Deliver introductory letter and brochure. 
4. Make follow-up telephone contact. 
5. Conduct on-site briefing and building inspection. 
6. Negotiate access agreement. 

The first activity is the identification of a particular candidate for recruitment. 
A random listing of buildings categorized by building use and size is consulted to 
identify a site for recruitment. Buildings within categories are recruited or 
rejected in the order they appear on this list until the desired number of sites of 
that type are acquired. For the pilot, this list was not complete so sites were 
selected ad hoc from the full list of candidates. Once a site is selected for 
recruitment, a site tracking log is initiated by entering information from the sample 
design and drive-by. If a phone number has not been acquired for the taxpayer, a 
phone number for the building is found using the telephone directory or a reverse 
directory. 

In most cases, the owner and tenants' names and phone numbers were known and the 
purpose of the initial contact call is to verify the name and address of the person 
authorized to grant access to the site. Where that information is incomplete, it is 
necessary for the recruiter to acquire it in order to proceed. This call is very 
brief and discussion of the project in any detail is discouraged at this time. The 
candidate is informed that materials describing the project will be sent and that we 
will discuss this matter further after the material is reviewed. 

Two versions of the introductory letter have been developed. The pilot experience 
indicated that the original letter and brochure worked well for corporations and 
large building owners, but was less effective for small businesses. Consequently, a 
simplified and more direct contact approach was developed specifically for various 
small business categories. Examples of these materials are presented in Mazzucchi 
(1985). 

The letter briefly explains the program's objectives, introduces the project team, 
and highlights the benefits and requirements of participation. The letter is signed 
by the person responsible for recruiting that category of buildings, and is accom
panied with a brochure describing PNL's capabilities in this area. An additional 
attachment for small businesses provides an example of how the data acquired are 
employed to identify cost-effective energy saving opportunities. 

Approximately 2 weeks after the introductory material is posted, the recipient is 
telephoned to discuss the project. At this time any questions concerning the general 
context of the project are resolved, and an appointment is made for an on-site brief
ing if possible. The candidate is told that this meeting should take about 15 
minutes and that anyone interested in the project should be invited to attend. If 
the contact refuses to make a briefing appointment, the recruiter asks why and com
pletes a site rejection form. 
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COOPERATIVE M;REEMENT 
END- USE LOAD AND CONSERVATION ASSESSMENT PROGRAM 

(COMMERCIAL) 

Rev. 5 
02/28/85 

THIS COOPERATIVE M;REEMENT is made between the PACIFIC NORTHWEST LABORATORIES, 
BATTELLE MEMORIAL INSTITUTE, a corporation organized and existing under the 
laws of the State of Ohio, with principal offices in the City of Columbus, 
Ohio (Battelle), and , (a corporation, sole 
proprietorship, partnership, individual, joint venture) located in the City 
of ( Permi tor) • 

The Permitor is the owner or owner representative of the ------------------
building at ----------------------------------- (Building) • 

Battelle in the performance of its Prime Contract DE-AC06-76RLO 1830 with 
the United States Department of Energy (DOE) is performing a research pro
ject to assess the end-use of electrical power in commercial and residential 
buildings in the Bonneville Power Administration (BPA) service region. The 
results will be used to assess the accuracy of estimates in conservation 
potential and to establish a data base of electrical end-use. 

A. The Permitor hereby agrees to permit Battelle, its authorized 
representatives, and subcontractors to: 

1. collect data about price and usage (energy-use) from the Permitor's 
energy suppliers 

2. perform energy audits (audits) 

3. gather energy consumption and determinant data through computerized 
monitors attached to the Building's energy system (metering) which 
may require the temporary interruption of electrical service. 

B. Project activities are subject to the following conditions: 

0200A 

1. Activities shall commence on or after -------
2. Battelle responsibilities shall be transferrable to the BPA at any 

time. 

3. The Permitor shall not bear any costs of the installation, mainten
ance, or removal of metering equipment. 

4. Battelle will comply with Federal, State and local safety; employer 
liability; workers' compensation; and building and electrical codes, 
laws, rules and regulations. 

5. Project equipment installed by Battelle will be and remain the 
responsibility of Battelle until transfer (assignment) to the BPA. 
The Permitor has no liability or responsibility for installed 
equipment. 
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APPENDIX A 

ACCESS AGREEMENT 
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• 

Just prior to the scheduled appointment, the recruiter calls the candidates to remind 
them of the meeting and make sure that the time is still convenient. During the 
meeting, a 'flip chart' notebook approach is used, which graphically guides the 
briefing. The scope and purpose of the project are discussed first, followed by 
information on the monitoring equipment and other data to be collected. Next, exam
ples of the data that the project will provide are presented, as well as the contents 
of the report each participant will receive at the conclusion of 2 years of data col
lection. The briefing concludes with a review of the project's benefits and 
activities and the presentation of the access agreement. 

The specific provisions of the access agreement are discussed at this time if the 
contact has the proper authority and appears willing to continue. In many cases the 
agreement must be signed by individuals who are not at the briefing, or must be 
reviewed by legal aides. In these cases the candidate is told to review and revise 
the agreement as desired, and to mail two signed copies to PNL as soon as possible. 
If the agreement has been modified, it must be reviewed and approved by PNL prior to 
final negotiation. 

3.2 RECRUITMENT EXPERIENCES 

The importance of full sign-off of the access agreement prior to proceeding with the 
project became evident during the pilot exercise . Equipment had to be removed from 
the small, new grocery site because of legal complications with the corporate lawyers 
of the grocery chain. Although local/regional contacts indicated that there would be 
no problem, they apparently misjudged the attitude of their corporate lawyers. This 
situation may be reversed in time; however, we have determined that field activity 
must not proceed until a fully executed access agreement is in hand. 

In addition to the building owner, the tenant representatives of the building must 
also sign the access agreements. In many cases the owner's signing is contingent 
upon getting the tenants to agree, thus complicating the recruitment process; and in 
many cases, this required weeks of calling and checking with the various 
participants. 

Reasons for rejection of sites are reported on an exception/rejection form, a sample 
of which is included in Appendix B. The pilot experience indicated that the major 
reasons for rejection include the desire for privacy, limited perceived benefit, or 
predisposition not to participate in utility programs. The fact that participants 
must wait at least 2 years for any potential benefits to materialize is particularly 
disconcerting to small businesses, which have a relatively short planning horizon. 

A common misconception is that we are trying to sell something, probably a condi
tioned response to energy conservation product manufacturers who have begun marketing 
efforts in the service area. This can usually be cleared up; however, occasionally 
the contact is unwilling to listen. Another problem is communications with non
English speaking owners and tenants. The cost and inconvenience of interpreters to 
overcome this barrier are considerable; hence, such sites have been deferred. 

With the modification of the approach to small businesses, the target of 70% 
participation for the full sample is believed to be achievable without routine 
provision for nuisance payments or early data sharing. However, to secure 
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particularly important sites, and to compensate pilot participants for the greater 
than expected inconvenience, a modest nuisance payment and provision for early data 
sharing may be considered. 

10 

developed as well as a formal site verification procedure for the troubleshooting of 
installation problems on site in real time. 

Property Control and Accounting: Procedures to track and inventory off-site 
equipment were in rudimentary stages during the pilot activity. Hence considerable 
confusion resulted with respect to the hardware installed at a particular site and 
the inventory of hardware as the pilot proceeded. A hardware control document has 
been prepar~ for implementation in the full study to correct this unacceptable 
situation. 

Contractor Accountability: Because of the training and short duration of contracted 
activity, PNL was extensively involved in the pilot efforts; this made it difficult 
to enforce the responsibilities of the contractors to provide quality installa
tions. For the full study, PNL's involvement is limited to review of contractor 
submittals and inspection of completed installations, thereby assuring contractor 
accountability for the quality and value of installation efforts. 

Cost Control: Ceilings were set on the contractor work orders during the pilot 
effort: however, PNL had little option but to adjust these caps as required to 
complete the contracted work. For the full study such adjustments will be carefully 
tracked by comparison with contractor-supplied, site-specific cost estimates. Con
tractors who cannot reliably predict ultimate site costs will have their scope of 
work reduced. 

6.3 PERFORMANCE REVIEW 

As of the writing of this report five of the 16 pilot sites have been upgraded to 
current measurement standards. These upgrades entailed the following efforts: 

• characteristics surveys 
• installation of additional CTs to conduct sum-checks 
• site verifications 
• replacement of modems and CPUs, if required 
• revision of measurement plans. 

Hardware was upgraded for all of the 16 sites to the extent that modems and CPUs were 
replaced and limited site verification tests were carried out to correct reversed and 
obviously miscaled sensors. 

Until the hardware upgrades were implemented in January 1985, data retrieval from 
most loggers was not possible. Once communication was possible, the problems 
associated with equipment installation and measurement plans became apparent. 
Subsequent to that time, a comprehensive set of site verification procedures were 
developed and applied to five of the pilot sites. These checks in conjunction with 
the measurement plan modifications to facilitate sum-checks have resulted in the 
collection of verifiable data. 

The data transmitted from the upgraded pilot sites have been of excellent quality and 
continuity since the initial installation errors were corrected. Data are being col
lected from other pilot sites to evaluate the reliability of communications and to be 
used once the site is upgraded and formally verified. 
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Unfamiliar Electrical Service: During the course of the pilot study we were intro
duced to several types of eTectrical service entrances. Special hardware modifica
tions and installation provisions were developed to handle wild-leg delta services, 
480 volt systems, and a domain of nine electrical service types which we may confront 
in the full sample. Identification of the electrical service type is to be made 
during the initial site survey so that any impacts on the measurement plans and 
hardware requirements can be accounted for. 

End-Use Load Calculation by Difference: During the pilot we assumed that it was 
acceptaDTe to calculate end-use loads-by calculating the differences between panel 
feeds and monitored circuits. Although this significantly reduces the number of 
circuits that must be monitored, it reduces measurement accuracies and does not 
permit a robust check of hardware performance. Such a check is considered essential 
to verify the proper operation of field data acquisition systems: hence, this prac
tice is not acceptable, and will not be used in the full sample study. 

Misc lassification of Circuit Phase: Assumptions were made regarding the phasing 
sequence of breakers with electrical panels. In many cases these assumptions were 
found to be incorrect, thereby invalidating the measurements for those channels. 
Current measurement standards require that phasing be physically verified for every 
circuit monitored. 

Misclassification of End-Use: Detailed connected load inventories were not conducted 
during the initial installation effort, nor were site verification protocols carried 
out. Consequently, several loads were improperly identified and classified. For the 
full study, all connected loads and end-use classification will be physically veri
fied by installers before they leave the site. 

Improper Scaling of Power Meters: So as to improve the resolution of power measure
ments, scaling resistors are 1nstalled on the watt meter cards to narrow the range of 
CTs. Care must be exercised in the selection and installation of the proper resis
tors to avoid under-scaling the output of a particular channel and thus exceeding the 
input ranges of the FDAS. Such errors not only affect the channel that is miscaled 
but can also corrupt other data stored in the FDAS memory. 

Reversed CTs: Current transformer leads must be connected in the correct polarity to 
function properly. During the pilot it was discovered that some of the CTs supplied 
by the vendor were improperly labelled. Reversal of the polarity will not only 
affect the misconnected channel, but will also corrupt other channels. These errors 
are avoided by careful labelling of CT leads and extensions, and will be discovered 
before the contractor leaves the site in the full study by working through the site 
verification procedures. 

On-Site Logger Interrogation: The capability to inspect and diagnose the data logger 
outputs on site was severely limited during the pilot. The software employed in the 
pilot presented a continuously scrolling matrix of 64 numbers without labels, 
representing the number of counts on individual logger channels. Observation of the 
energy consumption patterns of individual channels was sufficiently obfuscated to 
preclude on-site evaluation of the proper connection of sensors, much less the 
reasonableness of resultant measurements. Improved hardware and software have been 
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4.0 MEASUREMENT PLAN DEVELOPMENT 

To assure the relevance and completeness of data collection it is necessary to 
develop and implement a comprehensive and consistent set of measurement plans. The 
development of these measurement plans for ELCAP's Commercial Building Study follows 
from an overall assessment of the study's objectives and resources, with considera
tion of the costs and merits of particular measurement approaches. 

Since experience with the collection of actual energy performance data from commer
cial buildings is limited to date, the procedures for developing the measurement plan 
were evaluated in a set of pilot buildings before they were finalized. This section 
begins by describing the considerations and steps that go into developing the mea
surement plan and proceeds to a discussion of implementation in the pilot build
ings. The detailed procedures and guidelines employed are presented in the ELCAP 
Commercia 1 Study Handbook ent it 1 ed M~~surement Pl_~il_~vej__Qp_!fle~!_ (forthcoming) . 

4.1 MEASUREMENT PLANNING PROCESS 

The purpose of the measurement plan is to consistently and unambiguously identify and 
classify end-use loads to be monitored. This is difficult for commercial buildings 
because of their complexity, variety, and typically poor electrical service documen
tation. Nonetheless, in order to compare the energy performance of different build
ings and conduct routine analyses, systematic measurement protocols and documentation 
procedures are essential . 

In order for measurements to be useful, they must, at a minimum, allow energy use to 
be separated into at least three categories: 1) space heating, cooling, and ventil a
tion (HVAC), 2) lighting, and 3) process energy loads. If the electrical circuitry 
or fossil fuel systems cannot permit these three loads to be split out at the elec
tric service panels or billing meters with an accuracy of 5% of total energy require
ments, the building is rejected. This rule did not strictly apply during the pilot 
exercise, as we were training to increase our abilities to isolate such loads through 
software as well as hardware. 

Beyond these three broad categories are 20 more specific end-uses: 

space heating 
space cooling 
ventilation 
HVAC auxiliaries 
mixed HVAC 
interior lighting 
exterior lighting 
refrigeration 
water heating 
receptacles 

vertical transportation 
food preparation 
material handling 
data processing 
recreation 
sanitation 
1 ab equipment 
shop equipment 
specialty equipment 
mixed other 

Unknown loads are assigned to a transitory category until energy consumption data are 
reviewed and they can subsequently be reassigned to the proper category. 
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The goal of the measurement plan was to provide the greatest isolation of these 20 
end-uses with the limited number of sensors available. Where possible, the energy 
usage of individual building zones were monitored separately (i.e., storage, retail, 
and office areas for a grocery store). The standard data acquisition system for com
mercial buildings can handle up to 56 analog measurements (used to determine power) 
and 48 digital inputs used for supplementary sensor measurements . In addition to 
power measurements, eight analog channels are available to measure interior tempera
tures for various building zones and various exterior climate conditions (e.g., wind 
direction) . 

One problem in meeting this goal of greatest end-use isolation occurred in buildings 
that make use of fossil fuel-fired equipment. In order to understand overall energy 
performance of these buildings, it is desirable to measure fossil fuel consumption 
for individual end-uses. However, because such metering is expensive and the gas 
companies have been unwilling to contribute to this research, we have had to appor
tion utility billing records to various end-uses over the billing period. This pro
cedure is considerably more robust where electric circuit proxies could be instru
mented and where fossil fuels were used for only one end-use. 

One final consideration regarding the measurement planning process bears noting: the 
development of a measurement plan is closely linked to the building characteristics 
survey since the understanding and documentation of the building•s systems and elec
tric circuitry are central to the adequacy and accuracy of the proposed measure
ments. However, the procedures for collecting characteristics data were developed 
during the pilot efforts, so the synergy of these tasks was not fully realized. 
Linking the two activities in the full study will minimize duplication of effort and 
internal inconsistencies. 

Development of the measurement plan, as devised for the full sample study, comprises 
the following major steps, which are briefly described below: 

1. Conduct initial site survey 
2. Prepare electric service riser diagrams 
3. Conduct connected load survey 
4. Complete panel documentation forms 
5. Determine sensor requirements 
6. Make channel assignments 
7. Complete channel information forms 
8. Prepare channel formulations. 

Instructions to complete each of these steps are described in detail in a set of 
ELCAP installation documents to be published later. 

Initial Site Survey: Arrangements are made for the installation contractor to tour 
the building with the building•s contact person. The purpose of this visit is to 
identify barriers to equipment installation, assess the degree of end-use and zonal 
isolation, and estimate the hardware, labor, and cost requirements. Each electric 
panel is examined and a preliminary judgement of the number of sensors needed to 
monitor it is made. Project staff reviews this information to determine how, or 
whether, to proceed with the site. 
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4. Telephone Connection. The data logger •s modem is connected to the phone 
company•s installed jack, and a communication test with the interrogation 
computer is carried out. (Not done in pilot.) 

5. Site Verification. The performance of the equipment is tested through a 
standard load test of each power measurement. (Not done in pilot.) 

During the initial pilot efforts with the contractors, the first three steps were 
completed by the contractors, but the subsequent stages were conducted by PNL staff. 

The contractor teams for the work typically comprised an engineer, one or two tech
nicians and two or three electricians. The majority had little or limited experience 
with energy performance measurements or modelling. Consequently, PNL staff provided 
most of the technical expertise during the pilot. 

6.2 PROBLEMS CONFRONTED 

A variety of problems and issues emerged during the pilot installation process. The 
problems and their resolution are highlighted below. One particular circumstance 
contributed to a number of these particular problems: Many of the key PNL staff were 
preoccupied with implementing the initial stages of the full -scale residential 
studies after installation of the commercial pilots, thus slowing the identification 
and resolution of hardware and installation issues peculiar to commercial build
ings. (However , the residential studies provided valuable experience for the 
development of improved commercial building approaches . ) Problem identification was 
further compounded by flaws in the central processing unit (CPU), watt-hour cards, 
and some CTs, which were not discovered until the pilot installations were complete. 

Hardware Availability: Shortages of critical hardware components frustrated the 
installation effort. Current transformers were in short supply, in some cases forc
ing measurement plans to be modified or installations to be left incomplete. Watt
meter cards and data loggers were also in short supply, in large part due to the 
priority given to concurrent full-scale residential installation efforts. Technical 
problems with modems and the modem interface of the central processing units delayed 
data collection. Such problems will be avoided during the full-scale effort by ware
housing operational hardware before assigning buildings for installation activity. 

Inadequate Documentation: Key information required to convert the logger counts into 
eng1neer1ng un1ts was not acquired during the initial equipment installation and had 
to be collected by PNL during a subsequent visit to the site. This information is 
now assembled during the measurement planning stage on a channel information form. 

Unbalanced Loads: So as to limit the number of CTs required (induced in large part 
by the hardware shortages) , single phases of what was assumed to be balanced loads 
were monitored. However, such loads were often later discovered to be unbalanced. 
Furthermore, this practice complicates the sensor calibration and conversion steps 
and confounds the data verification efforts. Consequently, all phases of all devices 
are to be monitored in the full study. 
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6~0 HARDWARE INSTALLATION AND PERFORMANCE 

The pilot exercise provided the first field experience with the installation require
ments and performance of the commercial version of the ELCAP data acquisition hard
ware. The procedures and skills required for equipment installation were developed 
and defined as the pilot unfolded. The hardware was modified during the pilot exer
cise as well as the interrogation software and protocols. This combination of con
current activities made the collection of verifiable data during the pilot time frame 
particularly challenging. 

This section describes the activities and experiences related to these tasks. The 
experiences are based upon the efforts of eight different installation contractors in 
a total of 16 buildings. It is believed that the skills of installation contractors 
displayed during the pilot study are indicative of the capabilities of contractors 
likely to be involved in the full study. The full study, however, will benefit from 
an integrated and refined training sequence based upon the pilot experience, as well 
as a significant learning curve benefit as contractors become familiar with project 
activities and requirements. 

6.1 BACKGROUND AND PROCESS 

A pilot effort was initiated to determine the required skills for installation con
tractors and to evaluate the performance of project equipment prior to a ful 1-scale 
installation effort. A request for proposals was released in December 1933, a 
bidder's conference was convened on December 30, 1933, and contracts were negotiated 
beginning in March 1934. Eight firms submitted proposals; all eight were given an 
opportunity to participate in the pilot so as to test our abilities to train a cadre 
of installation contractors and to gain an appreciation of the levels of skill of 
potential contractors. 

All eight contractors were trained in sequence during May, June, and July of 1984, 
and in a 1 to 2-week period installed equipment in two buildings each, for a total of 
16 sites. PNL worked closely with the contractors during the pilot effort, assisting 
with the development of measurement plans and the installation of equipment. PNL 
took responsibility for the identification and resolution of installation deficien
cies following the initial installation efforts. The procedures for on-site initial 
verification of hardware performance had not yet been developed. 

The installation sequence began once an approved Measurement Plan and data acquisi
tion equipment were received. The sequence had the following steps: 

1. Locate FDAS. An appropriate place to mount the data logger is selected to 
minimize the length of sensor leads and damage to the building and provide 
all phases of power to the logger. 

2. Install CTs. The circuits within individual electric service panels are 
routed through CTs as specified in the measurement plan. 

3. System Integration. Sensors from individual panels and switchgear are con
nected to the data logger, scaling resistors are installed, and watt-meter 
cards are connected to the mother board. 
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Riser Diagram: Based upon the initial site survey, an electric service riser diagram 
is prepared which identifies the type of utility service at the site and the layout 
of the distribution system. This diagram helps to determine the scale and complexity 
of the resultant Measurement Plan and to assure that all electric usage at the build
ing is accounted for. 

Connected Load Survey: This procedure is now part of the building characteristics 
survey. All major electric loads are classified using a growing taxonomy of building 
equipment according to their end-use and electrical circuitry. In this way the loads 
on every logger channel are unambiguously classified through association with the 
panel documentation forms. 

Panel Documentation: Each electric panel is documented using a panel documentation 
form. This form identifies the loads on each phase of electric service for each 
circuit. As the Measurement Plan progresses, the end-use categories, building use 
zones, logger channels, and one-time load measurements are entered on these forms. 

Current Transformer Requirements: The number of current transformers (CTs) necessary 
to monitor the various end-use loads is determined by examining the panel documenta
tion forms in conjunction with the measurement plan criteria. The number of sensors 
required for each panel to give the greatest data resolution is estimated first and 
summed. If the number of CTs desired exceeds the limits of the logger , we then 
decide which, if any, of the sensors are unnecessary, whether wiring CTs in series is 
feasible, or whether the site deserves more than one data logger. 

Channel Assignments: Once the number of CTs is determined, it is necessary to 
associafe-the\/arious circuits with individual logger channels. This is done by 
assigning circuits of identical end-use and electrical phase into one logger channel 
for individual panels. Additional channels are required to meter control totals 
(mains) so that the performance of the equipment can be verified, and assure all 
loads are metered, through the use of sum-checks. 

Channel Information: Each logger channel requires specific information to set the 
paramete-rs-forllnterrogation of the logger and conversion to engineering units. The 
type of CT is identified, its scaling and calibration factors are determined, the 
load is described according to its end-use, zone, and features, and specific comments 
are noted. 

Channel Formulation: The final step in the measurement plan is to recalculate the 
formulas which--determine end-use loads by building zone. This is done by noting the 
channels dedicated to each of the 20 end-use categories identified. Also, the 
formulas used to initialize the sum-check programs are calculated by examination of 
the panel documentation forms. 

4.2 PILOT EXPERIENCES 

The March 1934 revised draft of the ELCAP Commercial Study Handbook Measurement Plan 
Development was used to guide measurement plan activities during the pilot study. 
Implementation of these activities revealed a number of issues and potential problems 
related to successful development of a measurement plan. Based on identification of 
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these problems (which are listed below), the Measurement Plan Develo~ment was 
revised. The material that follows summarizes these revisions and the reasons for 
them. 

Building Classification: The classification scheme used for site descriptions 
required clarification as the pilot exercise proceeded. Sites were classified by 
building use and size based upon the secondary sources and the drive-by information. 
In several instances this classification was incorrect owing to an incomplete under
standing of the building•s use, so the site identification codes were revised. In 
addition to this clarification, a protocol for handling mixed-use buildings was 
devised wherein the building use comprising the largest share of total square footage 
is the basis for the site identification. Where more than one type of tenant 
occupies a monitored building, it is necessary to isolate at least the total amount 
of energy consumed for non-primary activities since full end-use monitoring of each 
tenant can become exceedingly expensive. · 

Load Identification: Several of the pilot sites had incomplete or incorrect panel 
labels (such aS"'utlet to California .. in the fraternity), leading us to conclude 
that they should all be physically verified by turning on circuits and documenting 
affected equipment. This practice has been incorporated into the building charac
teristics survey as the connected load inventory element. Once energy-consuming 
equipment is associated with particular panels and circuits, it must be classified 
into the various end-use categories. During the pilot study, taxonomy of equipment 
was initiated by assigning equipment identification codes to generic types of equip
ment. These codes are mapped into the end-use categories. Several fine lines emerged 
in this process, such as the distinction between food preparation and material handl
ing in a restaurant. The definition of material handling was clarified to account 
only for processes not associated with food preparation, shop and lab equipment and 
data processing. 

Building Zoning: The definition of building zones evolved during the pilot exercise, 
and the procedure and formal assignment of building zones is now part of the building 
characteristics survey. If a building houses more than one economic activity, the 
areas associated with each activity are isolated. To the extent feasible, the build
ing is further zoned according to building use zones (BUZs) such as storage areas and 
mechanical rooms. The required and desired building zoning will be ascertained dur
ing the Initial Site Inspection in the full sample. 

Fossil Fuel Proxies: The local gas company has reacted with some apprehension and 
hostility to ELCAP efforts. Hence, our understanding of natural gas use is limited 
to that which can be garnered from utility billing records and fossil fuel proxies. 
Where possible, we individually monitored electrical circuits devoted to fossil fuel 
appliances such as furnace fans and fuel pumps. However, in most cases such proxies 
were unavailable either because no coincident electric load occurs (i.e., water 
heaters, stoves) or because the proxy loads were obscured by other circuit loads. 
This issue is particularly problemmatic where a fossil fuel is used for more than one 
end-use, since empirically based determination of building loads by end-use is made 
impossible. 

Data Verification: Subsequent to the acquisition of field measurements for resi
dential buildings, it became apparent that a robust check of the performance of data 
acquisition hardware and measurement plan formulation is an essential measurement 
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to complete, assimilate, and encode. No shortcut to the tedious procedure of flip
ping breakers and determining affected equipment was found to suitably ascertain the 
loads appearing on each circuit and FDAS channel. 

A buil~i~g utility.meter reading ~orm was added to ~he package in order to improve 
our ab1l1ty to ver1fy data. Entr1es are made to th1s form immediately upon arrival 
at a monitored site, and again just prior to departure so that a comparison can be 
made between logger measurement and utility meter readings. 

Information regarding the age, condition, manufacturer, and model number of monitored 
equipment was dropped from the auditing requirements because of the difficulty of 
accurately ascertaining and documenting such information. This information remains 
part of the long-form survey as it is of considerable value for detailed modelling. 

5.3 PLAN AND PROCEDURES FOR THE FULL STUDY 

Based upon the learning derived from the pilot exercises, we developed a plan for 
conducting characteristics surveys for the full study. It became clear that, because 
of the need for internal consistency of the measurement plans and surveys, a signifi
cant synergy could be realized by having one contractor conduct both activities con
currently; hence, the request for proposals for installation contractors calls for 
initial site inspections, measurement plans, surveys and installations to be carried 
out by a unified team. 

In light of the unprecedented nature and complexity of this work, the contractors 
will be trained as a group on a demonstration site, and then be evaluated individu
ally. Following what is anticipated to be a 1-month training period resulting in the 
completion of three sites per contractor, the contractors will be assigned buildings 
to audit and instrument without direct PNL involvement. 

PNL staff will review the contractor•s plan and estimated budget for survey activi
ties at each site before authorizing the work to proceed. The results of the mea
surement plan and survey will be reviewed and checked prior to delivery of monitoring 
equipment for site instrumentation. The surveys will be checked for completeness and 
internal consistency, and used as the basis for data verification reasonableness 
checks prior to encoding. The output from the program•s data base will be returned 
to the contractors for certification of accuracy prior to payment of final invoices. 

The procedures and forms used in the collection of characteristics data will remain 
in a final draft status until the data collection is complete. In this way the vari
ous codes, procedures, and forms can be supplemented as the project proceeds. Care
ful attention will be given to ensure that the changes are 11 Upward compatible, .. that 
is, that the resultant data base will be consistent and permit direct comparison of 
the monitored sites. 
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collect commercial building characteristics. Several meetings were held with BPA, 
PNL staff, SCL and consultants to establish the data requirements and collection 
procedures. 

The initial charter from BPA was to develop methods to document all the characteris
tics needed to conduct detailed modelling of a building's energy performance. This 
ambitious charter was modified following completion of such a survey in one of the 
pilot sites in light of three major factors: 1) no consensus yet exists among 
modelers regarding the types of data necessary to conduct detailed modelling, hence 
each modeler has individual preferences and requirements; 2) the complexity and 
variety of buildings yet to be studied confounds systematic data collection at such a 
level of detail; and 3) the projected costs of such an exercise were far in excess of 
currently available funding. 

The met hods developed were not abandoned since such data collection is appropriate 
and necessary once a specific building is selected for case study assessment of 
conservation potential and pred i ctive modelling. However, in order to collect suf
ficient information on all sites to support building characterization and verifica
tion of measurements, the long form was distilled to a short form. Various short
form su rvey procedures were designed and tested in the pilot buildings prio r to the 
ad opti on of the f inal draft procedures. 

The person respons i bl e fo r the act ual surveyin g and comp let ion of the forms was not 
directly involved in their design so as to provide a reasonable test of the documen
tation and procedures. Early results of his efforts were reviewed periodically by 
the audit development team to critique and refine the forms and procedures. Through 
this iterative procedure, involving various sites, the audit forms and procedures 
took shape. 

5.2 COMPLETION OF PILOT SURVEYS 

A number of problems were confronted in completing the pilot surveys and the 
resultant refinements. First, the definition of a building and building use zones 
required clarification as sites with multiple tenants, activ i ties, and buildings were 
confronted. "Building" was defined to include all enclosed spaces associated with 
the candidate site. If a site has more than one structure, the single structure that 
offers the best representativeness and measurability is selected for monitoring and 
analysis. Specific generic types of building usage were developed and a growing 
taxonomy of building use zones maintained. 

The definition of a load required clarification, particularly with respect to its 
end-use category, electrical connections, and association with the measurement plan. 
The working definition of a load is "a unique type of energy-consuming equipment 
found in a building as distinguished by the electric panel providing power, the 
tenant using the equipment, and the building use zone in which the equipment is 
located." A detailed listing of the types of loads falling into each end-use 
category is maintained as an appendix of equipment type codes. 

The connected load inventory procedure went through several iterations during the 
pilot. At first an individual sheet was completed for each piece of equipment for 
subsequent encoding. This form eventually turned into a spreadsheet, which is easier 
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protocol. This check is performed by measuring control totals (panel feeds) to com
pare to the sum of individual circuit loads. ~though this increases the number of 
sensors and the costs of installation by approximately 20%, it is considered to be 
valuable insurance against otherwise undetectable hardware, installation and measure
ment plan flaws such as misoriented or improperly scaled CTs and unmonitored loads. 

In addition to the robust "sum-check" described above, a subjective "reasonableness 
check" has been developed, drawing upon the characteristics survey and measurement 
plan documentation. This check requires a verifier to anticipate the magnitude and 
pattern of the loads on individual channels, and then determine and explain excur
sions from the expectations through review of the logger measurements. In the resi
dential studies it was possible to develop study-wide reasonableness ranges; this is 
not likely to be possible for commercial buildings because of their non-homogeneous 
use and design. 

Documentation: Review of the pilot measurement plan documentation revealed several 
inte-rnal-,nconsistencies and erroneous or missing entries. The forms were modified 
in most cases, and the instructions for their completion have been clarified. An 
additional form was added, entitled "FDAS Channel Information." This form provides 
for a description of each channel's load, sensor, location , end- use class and maximum 
current load , as well as ot her releva nt comment s. In gene ral, great e r at tentio n to 
deta il and timely comp l etion of study docume nt s mus t be assu red in the full study. 

Project Management: During the pilot exercise, PNL staff worked closely with all 
Pfiases of~he project . Hence it was difficult to assign responsibility for the 
completed installations to the contractors. This will not be the case in the full 
study, so careful attention was given during the pilot phase to the methods which 
will be used to control project costs and assure project quality. Contractor efforts 
will be reviewed at three stages for each monitored site: first, following the 
initial site inspection; second, following the building characteristics survey and 
measurement plan development; and finally, following equipment installation. Once 
contractors are fully trained, PNL's involvement with the buildings will be limited 
to introducing the contractors to the building contacts, reviewing contractor sub
mittals, conducting quality control spot-checks and conducting a final site inspec
tion. In this way contractors will be solely responsible for conducting building 
characteristics surveys, preparing measurement plans, and installing and verifying 
the performance of the field data acquisition hardware. 

4.3 MEASUREMENT PLAN REVIEW 

This section briefly describes the measurement plans for the pilot sites in the 
sample. Two other sites were lost, one due to demolition, the other due to legal 
complications. Five of the sites were upgraded to current installation standards 
established following the initial installations, to include sum-checks and building 
characteristics surveys. 

The measurements attempted during the pilot are summarized in Tables 1 and 2. 
Table 1 shows the measurements taken for the five sites upgraded to current instal
lation standards, the number of channels devoted to the various electrical end-uses, 
the number of additional channels monitored to allow the sum-check procedure to be 
implemented, and the number of interior temperature measurements for each building 
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5.0 BUILDING CHARACTERISTICS DATA COLLECTION 

A good understanding of the characteristics of a monitored site is essential to 
properly configure and analyze that site's energy use measurements. The appropriate 
level of detail depends on the scope of the analytical objectives and the costs of 
data compilation. This section describes the data collection activities undertaken 
during the commercial pilot study in Seattle, and the resultant scope and methods of 
data collection activities considered appropriate for full-scale study. 

Two generic data collection instruments were evaluated during the pilot exercise, a 
long form adequate to support detailed simulation modelling, and a short form to 
support building characterization and data verification. The short form will be 
completed for all ELCAP commercial sites; the long form will be used for detailed 
case studies of building performance and conservation assessment. The short-form 
surveying methods and forms are described in detail in ELCAP's Commercial Study 
Handbook Four, entitled Building Characteristics Data Collection (forthcoming). 

The surveys were designed to collect the following information on the buildings in 
the pilot study: 

• architectural features 
• envelope thermal characteristics 
• occupancy and activity schedules 
• space utilization 
• equipment and systems characteristics. 

This information is documented on-site by specially trained surveyors through com
pletion of a set of site-sheets. The information is then manipulated using several 
worksheets and subsequently entered in a set of summary sheets for encoding to the 
program's data base. The overall level of effort to complete the short form is 
estimated to be 3 man-days for an average site once a surveyor is familiar with the 
surveying techniques. 

The surveys are used in conjunction with the measurement plans to gain a full 
understanding of the building's systems, zoning and appropriate measurements. When 
completed, the surveys provide a consistent framework for characterizing buildings, 
thus facilitating comparison and generalization of individual building measure
ments. The surveys also provide a complete description of the characteristics of a 
large number of commercial sites in the region; this is useful in itself in that it 
improves the accuracy of utility load forecasts and conservation assessments. 

This section first describes our experience with both the short and long-form surveys 
in the pilot buildings, and the plans for collection of building characteristics data 
for the full sample of commercial sites. Additional information on the development 
and contents of the characteristic survey is provided in Appendix C. 

5.1 REVIEW OF SURVEY DEVELOPMENT 

The natural first steps in the development of survey procedures were to determine the 
eventual applications of the information compiled and to review earlier efforts to 
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zone monitored. Two of these sites use natural gas and two others use fuel oil in 
addition to electricity. One of the five is anal 1-electric building. 

Table 2 summarizes the measurements attempted for the nine remaining pilot sites; 
these are noted by end-use only, since the number of channels devoted to each end-use 
will be modified as the sites are upgraded to current installation standards. Four 
of these sites use fossil fuels for space heating, and five use fossil fuels for 
water heating. One site uses fossil fuel for sanitation purposes (clothes dryers). 

Five of the 14 sites use fossil fuels for more than one end-use, making empirical 
statements regarding the total end-use consumption patterns tenuous. Although it is 
true that the electrical loads can be disaggregated, the total HVAC (climate
sensitive loads) can not be isolated from nonclimate-sensitive loads in some cases 
(such as where gas is used for both space heating and food preparation). The mixed 
HVAC category was used for five of the sites, and it was necessary to use the 11 mi xed 
other .. category for six sites. There were no vertical transportation, recreation, 
laboratory, or unknown loads monitored in the pilot study. 
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Table 2 

General Measurement Infor~ation on Remaining Pilot Sites in Seattle 

Electric Load Measurements (Y = Yes, N = No) 
Space Space Venti- Aux ~11 xed Interior Ext en or l<egn g- Water Recep- Vert1ca~oa-

Site ID Heating Cooling lati~ !_g~ HVA_f__ Lighting_ L i _ght i n_g_ erat ion Heating tacles Transport Prep_ 
----
GROlOl GAS N y N y y y y GAS y N y 

SCHOOl OIL N y y N y N N OIL N N N 
~ 

00 
GR0401 y y y y y y y y y y N y 

LODOOl y N N N y y y y GAS N N N 

RES402 y y y N y y y y y y N Y+GAS 

DGR305 N N N N y y y N y y N N 

LODlOl GAS N y y N y y y GAS y N Y+GAS 

OTH003 y N y N N y y N GAS y N N 

DGROO? Y+GAS y y N N y y y y y N y 

Table 2 (Cont.) 

Electric Load Measurements (Y = Yes, N = No) 
Hateri al Data Recre- Sani- Lab Shop Spec1al f11 xed Sum No. of tnre=-

Site m Handling Process at ion tat i O_!!_ ~ ~ Equip Unknown Other Check rior Temps -----
GR0101 y y N y N N y N N N 0 

t-' SCHOOl N N N N N N N N y N 0 
\.0 

GR0401 y N N y N N y N N N 3 

LODOOl N N N y N N y N y N 0 

RES402 y y N y N N y N N N 2 

DGR305 y N tl N N N N N N N 0 

LODlOl N N N y N N N N y N 0 

OTH003 N N N Y+GAS N N y N y N 1 

11GR007 y y N y N y y N y N 1 


