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Executive Summary
This is the third Market Progress Evaluation Report (MPER) of the Building Operator
Certification Expansion Initiative (“BOC-E” or “the Initiative”). The Northwest Energy
Efficiency Council (NEEC), Northwest Water and Energy Education Institute (NWEEI), and the
International Building Operators Association (IBOA) have offered BOC training and
certification to facility operators in the Northwest since 1997.
In 2012, the Northwest Energy Efficiency Alliance (NEEA) established BOC-E to accelerate
adoption of BOC and increase its market penetration in the Northwest. The Initiative seeks: 1) to
build market demand for BOC by developing compelling business cases and coordinating
collaboration with northwest utilities; and 2) to increase awareness and penetration of BOC
among operators of underserved areas 1, Federal employees, and members of the International
Union of Operating Engineers (IUOE) by developing new partnerships and adding a new
blended online product.
The first BOC-E MPER provided estimates of regional building operator market size and mean
per-operator energy savings as well as information on BOC operator attitudes and perceptions. A
survey of Washington and Oregon BOC operators provided inputs to the market size and energy
savings estimates. The survey did not cover Idaho and Montana, as they were not yet part of the
Initiative. In July 2013, IBOA became a BOC licensed provider, and in Q2 of 2014, NEEA
integrated Idaho and Montana into the BOC-E Initiative; the second MPER then included
information on that market from interviews with market experts and analyses of secondary data.
This third MPER provides updated estimates of market size and for the first time provides a
separate estimate of mean per-operator savings, and other key parameters of the Alliance Cost
Effectiveness (ACE) Model, for Idaho and Montana. It included a survey of 70 Idaho and
Montana BOC operators, which informed both the market size and savings estimates as well as
providing information on operator attitudes and perceptions for that market. The evaluation team
also used recently updated data from NEEA’s Commercial Building Stock Assessment (CBSA)
to generate the new estimates. This evaluation also assessed progress toward Initiative goals,
updated the analyses of secondary data to characterize the BOC market in Idaho and Montana,
and assessed the revised BOC-E logic model.
The current research generated several new and important findings. One key finding is that the
building operator market is larger than previously estimated, for the region as a whole and
particularly for Idaho and Montana. The updated estimate for Idaho and Montana produced a
BOC penetration rate for those states that is comparable to that for Washington and Oregon,
resolving an incongruous finding from MPER #2 that suggested a much higher penetration rate
in Idaho and Montana. Another key finding is that, while the mean per-operator electricity (kWh)

1

“Underserved markets or communities” are defined as markets that BOC serves on an infrequent basis (i.e. once
every three to seven years), and generally only with the active engagement of a utility sponsor or larger
employer.
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savings for Idaho and Montana are consistent with those for Washington and Oregon, those for
natural gas (therm) appear to be twice as high in Idaho and Montana as in the other states.

Conclusions
BOC-E is progressing toward several of its goals, but it may face challenges in meeting the
goals related to certification and renewal rates and utility leveraging of or support for
BOC. The Inititiave has met the goal for four Market Progress Indicators (MPIs): NEEC is a
U.S. General Services Administration (GSA) approved training provider; the International Union
of Operating Engineers (IUOE) is a BOC Approved Provider; NEEC and the Utility Work Group
members have completed and are implementing a BOC Utility Engagement Plan; and NEEC has
satisfied a key requirement to operate in alignment with International Organization for
Standardization (ISO) 17024 standards, which places it in good position to meet the subsequent
goal of becoming accredited under the 17024 standard. The Initiative also is on track to meet the
goal for four MPIs related to expanded penetration in targeted groups (underserved areas, IOUE
members, Federal sector employees, and Idaho/Montana operators). The Initiative does not
appear to be on track for achieving an 85% certification rate or 70% renewal rate; the latter may
not have been a realistic goal, and the evaluation was unable to benchmark renewal rates for
comparable certifications. With five utilities currently offering a total of six programs that
leverage or support BOC, the Initiative may face challenges reaching the goal of ten programs by
June 30, 2016.
The number of active BOC certificants 2 has continued to grow over the past several years,
but the rate of growth has remained level during the expansion initiative. The percentage
increase in the number of active certificants from one year to the next fluctuates, but it has
averaged 5% since 2004. The renewal rate affects the year-to-year number of active BOC
certificants, and that rate was lower in 2014 than the average rate from 2010 through 2013,
suggesting one possible reason for lack of growth in the rate of active operators. 3 Another
possible reason is that the number of new certificants outside of initiative-targeted groups has
fallen sharply. As a result, two-thirds of recent certificants are in initiative-targeted groups. This
raises the question of whether there has been a decrease in the productivity of recruitment
outside of those groups specifically targeted by the Initiative.
Market penetration is about 12%. With new and updated data, we have revised the estimate of
the market size upward to 20,135 operators. With about 2,400 currently employed BOC
operators, market penetration is about 12%, with similar levels in Idaho/Montana and
Washington/Oregon. 4

2

“Active” certificants are those whose certifications are still in effect or have not been expired more than five
years and who are currently employed.

3

The evaluators had access to renewal data for 2010 through 2014 for Washington and Oregon certificants, but
only for 2014 for Idaho and Montana certificants. In 2014, the renewal rate was considerably lower for IdahoMontana certificants than for Washington and Oregon certificants.

4

We exclude operators that have left the workforce permanently (are retired or deceased) or are currently
unemployed from calculation of penetration. The number of currently unemployed operators is small,
Continued…
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Survey findings expand on previous evidence that Idaho/Montana operators and their
employers value BOC certification and that utility subsidies are important, showing that
large employers differ from others. Idaho and Montana operators reported at least as much
employer support for BOC certification and maintenance of certification as Washington/Oregon
operators previously reported, although employers with a large number of O&M employees
appear less likely than those with fewer employees to pay their employees’ BOC tuition costs.
Most Idaho and Montana operators reported that BOC certification resulted in improved work
performance and increased responsibility or authority (but not increased pay), and a high
percentage had recommended training to others. Respondents indicated high awareness of utility
subsidies for BOC tuition and said they would be more likely to send additional staff to BOC
training if a utility subsidized 50% to 75% of the tuition cost.
Operators transfer knowledge from BOC training to their coworkers, but less so than their
employers think. Forty-six percent of the surveyed operators reported they transfer their
knowledge to others, while 82% of building and business owners surveyed in 2014 reported that
their BOC-certified operators did so.
For building operators in Idaho and Montana, BOC savings comprise approximately 2.3%
of electricity use and about 8% of fossil fuel use, including natural gas and propane. The
electricity savings figure is just slightly above what we previously reported for Washington and
Oregon operators. The fossil fuel savings figure is more than twice the savings level we reported
for Washington and Oregon .

Recommendations
BOC should expand efforts to increase employer support of BOC certification and renewal,
particularly among employers with large O&M staffs, which are less likely than other employers
to pay employees’ BOC tuition costs. Such efforts might incorporate messaging that credentialed
operators likely transfer their knowledge gained through BOC training to a lesser extent than the
employers believe, and therefore increasing the number of BOC-credentialed operators on their
staff may have greater benefits than they realize.
NEEA and NEEC should attempt to identify reasons why recruitment outside the
initiative-targeted groups has fallen. Things to consider are whether marketing and outreach
efforts outside of initiative-targeted groups are not as effective as they were prior to initiative
launch or whether there has been a change in the scheduling and availability of training that has
made it more difficult to access for operators outside of non-targeted groups.
NEEA should review whether increased participation by IBOA members (MPI II) should
continue to be an initiative goal, given that market penetration appears to be about the
same in Idaho-Montana as in Washington-Oregon. Focusing resources on increasing
participation in Idaho-Montana may come at the expense of recruitment in the more populous
Washington-Oregon subregion.

and excluding them from the calculation has verly little impact on the penetration rate.
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NEEA and NEEC should review their efforts to engage with regional utilities to ensure they
are using the most effective messages to get them to leverage or support BOC in their
energy efficiency programs. For example, they may consider including the argument that BOCtrained operators may be more likely to participate in utilities’ retrofit incentive programs,
thereby generating additional utility energy savings. 5
For Washington and Oregon, NEEA should continue to use the ACE Model input
assumptions that we recommended in MPER #1, but should consider using different values
for Idaho and Montana. In particular, for Idaho and Montana NEEA should consider using
2.29% as the per-operator electricity savings percentage and 8.01% as the per-operator fossil fuel
savings percentage.

5

Recent research by Research Into Action found that many utilities subsidize BOC training not to claim direct
energy savings based on those subsidies, but to encourage energy efficiency in general and to drive participation
in retrofit programs. In that same research, interviewed BOC-credentialed operators reported that their BOC
training made them more aware of utility incentive programs. (Navigant Consulting, Inc. and Research Into
Action, Inc., 2015).
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1. Introduction
From 1997 to 2003, the Northwest Energy Efficiency Alliance (NEEA) funded the Building
Operator Certification Program (BOC) to provide education, training, and certification of facility
operators to perform energy efficient operations and maintenance (O&M) in commercial
buildings. NEEA’s original funding for BOC saw the initiative to maturity, with the Northwest
Energy Efficiency Council (NEEC) and the Intermountain Building Operators Association
(IBOA) offering BOC as self-supporting ventures since 2000. NEEC offers training in
Washington and, through BOC Licensed Provider, in Oregon. IBOA had offered its own BOC
training, independent of NEEC, in Idaho and Montana through 2012 and became a NEEC
Licensed Provider in 2013. By 2001, BOC had achieved estimated market awareness of 39%
among building operator supervisors and was expected to achieve 50% awareness by 2003. 6
In 2012, NEEA aimed to accelerate adoption of BOC and increase market penetration of
commercial building operators who are BOC certified in the Northwest (Oregon and Washington
only). The stated goal was to achieve 46% market penetration; at that time market size was
estimated to be 5,856 operators. That equates to 2,694 certified operators, which would represent
21% of the current market size estimate of 20,135.
The new effort, entitled BOC Expansion (BOC-E), seeks to expand the adoption of BOC by
addressing the following six market barriers:
1. Lack of time to complete course
2. Inability to pay (for unemployed operators and veterans)
3. Lack of service in underserved markets
4. Lack of awareness (among International Union of Operating Engineers (IUOE) and
WorkSource)
5. Lack of compliance with Product Performance (does not meet the American National
Standards Institute (ANSI), 17024 Standard for certification of personnel, and does not
have an online blended learning delivery format)
6. Lack of awareness of value of the BOC credential (about renewal and among utilities and
decision makers)
The first BOC-E- MPER focused on the Washington and Oregon market, as IBOA was not yet a
BOC Licensed Provider when BOC-E was established. The second MPER included the Idaho
and Montana market as IBOA had become a BOC Licensed Provider by 2013. This third MPER
also includes the entire NEEA region (Idaho, Montana, Oregon, and Washington). It updates the

6

Regional Building Operator Certification Venture: Final Market Progress Evaluation Report. Prepared for the
Northwest Energy Efficiency Alliance by Research Into Action, Inc. September 20, 2001.
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estimates of the size of the building operator market and, for the first time, provides an estimate
of BOC-related energy savings specifically for Idaho and Montana.

1.1.

Short- and Long-Term Market Progress Indicators

The NEEA Initiative staff identified 11 market progress indicators (MPIs) to track its progress
toward the short- and long-term project goals. NEEA staff revised the set of MPIs somewhat
since MPER #1. Table 1 shows the 11 current MPIs, along with the desired market condition at
transition complete and the goal timeframe. 7 We discuss progress on the MPIs in Section 4.4.

1.2.

The BOC-Expansion (BOC-E) “Theory of Change”

NEEA, in collaboration with NEEC, designed the BOC-E initiative to include six activities
aimed at addressing each of the market barriers outlined above. Program theory says that these
six activities will produce five outputs, which will then lead to each of the 11 outcomes
measured by Market Progress Indicators (MPIs) I through XI. The initiative logic model
graphically illustrates the causal links between the theory’s activities, outputs, and outcomes
(Figure 1).
NEEA’s theory of change for BOC-E centers on providing expanded availability and access to
BOC training and certification in the Northwest and building market demand for the BOC
certification. In its simplest terms, the theory states that if BOC becomes more readily available
(via new partnerships with key building operator organizations and through offering blended
online course options) to a wider set of targeted audiences (unemployed operators, veterans,
federal building operators, and operators in underserved markets) and develops appropriate
messaging to build demand for operator certification among building and business owners, then a
greater proportion of the building operator population will become BOC certified. Changes in
course offerings and delivery approach, the theory posits, will address not only the lack-ofaccess barrier, but also lack of awareness and lack of time. Messaging that convinces building
and business owners of the value of having BOC-certified staff will address the sixth barrier –
lack of awareness of the value of the BOC credential. Moreover, the program theory assumes
that status as an approved training provider for GSA and achievement of the ANSI 17024
standard will attract Federal employees.

1.3.

MPER 3

This Market Progress Evaluation Report (MPER #3) is the third of three planned evaluation
reports for the BOC-E initiative. It chronicles Research Into Action’s evaluation of the BOC-E
initiative in 2014-2015. The evaluation focused on answering the following key research
questions:

7

Based on BOC2_Logic_Model_V13.
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〉

What is the current market size of building operators in the two subregions
Washington/Oregon and Idaho/Montana and the Northwest as a whole?

〉

Based on estimated market size, what is the current market penetration of BOC in the two
subregions and the Northwest as a whole?

〉

What barriers do building operators face in obtaining BOC certification?

〉

What is the perceived value of BOC certification in the market?

〉

Does the BOC-E Logic Model clearly illustrate the program theory?

〉

How is BOC-E progressing against its MPIs?

In addition, this MPER #3 includes a review of the NEEC database of BOC credentialed
operators to update regional counts of active BOC operators and a review of the key Alliance
Cost Effectiveness (ACE) Model assumptions of per-operator energy savings.
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Table 1. BOC-E Initiative Goals and Associated Market Progress Indicators (MPIs)

Outcome1

Time Frame

Market Progress Indicator

Initiative Goal –
(desired market condition as of
transition complete)

I

BOC is a FBPTA-aligned
training and certification
program GSA

Short term
(1-3 Years)

BOC listed on GSA training provider
roster, by June 30, 20142

Federal sector building operators participate
in two or more BOC courses per year

II

Increased participation by
Idaho and Montana
operators

Medium term
(3-5 Years)

10% increase in Idaho and Montana
certificants over 2012 baseline by Dec. 31,
2015

Fifty percent increase (50%) in total
number of credentialed BOC operators in
the northwest

III

IUOE becomes a BOC
approved provider (AP)

Short term
(1-3 Years)

Signed AP agreement by NEEC and IUOE
by June 30, 2014

A formal education partnership is
established between BOC and a minimum
of one IUOE local in the region

IV

Utility engagement
Plan

Short term
(1-3 Years)

Utility Engagement Plan accepted by
NEEA management

More engagement with Northwest utilities,
strengthening knowledge of the credential
and increasing the value of the program to
key NEEA stakeholders

V

Increased participation in
underserved markets

Medium term
(3-5 Years )

10% increase in certifications by operators
in underserved markets, over 2012
baseline, by Dec. 31, 2015

BOC courses are available to customers in
underserved communities on an ongoing
basis

VI

IUOE-member operators
become BOC certified

Medium term
(3-5 years)

10% increase in certifications by IUOEmember building operators over 2012
baseline by Dec. 31, 2015

IUOE-member operators apply for BOC
certification through the IUOE Approved
Provider agreement with NEEC

VII

BOC program operates in
alignment with the
ANSI/ISO/IEC 17024 for
one year prior to applying
for standard

Medium term
(3-5 Years)

Demonstration of a firewall between
training and exam at NEEC via a new
business plan, in compliance with
ANSI/ISO/IEC 17024 requirements, by
September 30, 2014

BOC meets the ANSI 17024 standard
which will make it more credible and
competitive in the market, particularly for
sectors such as Federal and State
government operators

VIII

BOC exam is authorized
under ANSI 17024
Standard

Long term
(5-10 years)

Signed letter of authorization by June 1,
2017

(Same goals as for MPI VII)

MPI #

Continued
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Initiative Goal –
(desired market condition as of
transition complete)

Outcome1

Time Frame

Market Progress Indicator

IX

Increased participation by
operators employed in the
Federal sector

Long term
(5-10 years)

10% increase in certifications by Federal
building operators in the Northwest over
2012 baseline by June 30, 2016

Fifty percent increase (50%) in total
number of credentialed BOC operators in
the northwest. Federal sector building
operators participate in two or more BOC
courses per year.

X

Increased demand and
preference for credential by
employers and operators

Long term
(5-10 years)

Certification rate increases from 75% to
85%, and 70% annual renewal rate, by Dec.
31, 2016

BOC certification renewal rate increases
10% from strategy approval date.

XI

Region’s utilities
support/leverage BOC in
their EE programs

Long term
(5-10 years)

Ten region utility energy efficiency
programs leverage/support BOC. (Expected
date: June 30, 2016.)

Ten or more utility energy efficiency
programs in NW support or leverage BOC.

MPI #

1

As noted in Section 4.1, there are a few slight wording differences between the most recent versions of the logic model graphic
(BOC2_Logic_Model_V13.pdf) and the logic model assumption tables (BOC 2 Logic Model Assumption Tables_v13-Draft.xlsx). The outcomes in this
table are worded as shown in the assumption tables, as they are more detailed.

2

http://www.gsaelibrary.gsa.gov/ElibMain/searchResults.do;jsessionid=A1C1E0C40BA574C906D41054D83606C2.prd2pweb.
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Figure 1. BOC-E Logic Model
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2. Evaluation Activities
The BOC-E evaluation began in 2012 and continued into 2015, with three MPERs completed.
This section presents the schedule of MPER delivery dates (Table 2), an overview of evaluation
activities (Table 3), and high-level details of the activities we conducted specifically for this
report, MPER #3.

2.1.

Schedule of Evaluation Reports

Table 2. Schedule of BOC-E MPERs
Evaluation Report

Targeted Delivery Date

MPER #1

Completed

MPER #2

Completed

MPER #3

August 2015

2.2.

Overview of Evaluation Activities

Table 3. Overview of Evaluation Activities
MPER
#1

MPER
#2

MPER
#3

Review Secondary Data on BOC Market







Review Program Logic Model







Review Program ACE Model Assumptions







Review BOC Program Database







Conduct Market Characterization







NEEA and BOC Program Staff







Market Informants





Evaluation Activity*

INTERVIEWS

CERTIFICANT/NON-CERTIFICANT SURVEY

BOC Certificants
Non-BOC Certificants

2.3.






Data Collected for MPER #2

To answer the key research questions outlined in Chapter 1, Research Into Action focused on six
core research activities (Table 4).
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Table 4. MPER #3 Evaluation Activities, Data Sources, and Achieved Sample Sizes

Activity
Communication with staff
Logic Model review

Data Source

Achieved
Sample
Size

NEEA and NEEC staff members

4

BOC Expansion Logic Model, graphical version; and

N/A

MS Excel tables of market progress indicators and initiative
activities
BOC database review

NEEC and IBOA databases of BOC certificants

N/A

BOC certificant survey

NEEC regional BOC database

70

Market Characterization

NEEA program documents

N/A

Secondary data, including:
Previous reports by NEEA contractors (including the
Commercial Building Stock Assessment, or CBSA)

N/A

Other publicly available sources, such as the U.S. Census Bureau
ACE Model review

Data from BOC certificant survey

53*

Various engineering sources

N/A

Previous NEEA memoranda and reports

N/A

* A subset of 53 of the full sample of 70 survey respondents, provided data for analysis of per-operator savings.

Communication with Staff. For MPER #1, we conducted in-depth interviews with one NEEA
and two NEEC staff members and a contracted BOC instructor/facilitator to familiarize us with
BOC-E, including initiative design, how the expanded product differs from the original BOC
product, and the theory of market transformation. For MPER #2 and MPER #3, we maintained
ongoing communication with one NEEA and three NEEC staff members by telephone, email,
and in-person meetings from fall 2013 through summer 2015. This ongoing communication
served to keep us informed about initiative progress, including any changes to the initiative. We
used the information gathered during this communication to inform the design of the BOC
certificant survey.
Logic Model Review. The BOC-E initiative’s logic model graphically describes its theory of
change. For MPER #1, we carefully reviewed both the logic model and the accompanying
market progress indicator (MPI) tables to assess the clarity of the causal linkages between
activities, outputs and intended outcomes. For MPER #2, we reviewed the revised logic model
and set of tables to determine whether the revised model and tables addressed our findings. For
MPER #3, we again reviewed the revised logic model and assumption tables. We presented our
findings in a memo to NEEA on April 16, 2015, included in this MPER as Appendix A.
BOC Database Review. Our review of the NEEC database, which now includes records of
IBOA certificants, includes a description of database contents and updates counts of new
certificants, certificants whose certifications expired at least five years before (and for whom
NEEA no longer claims savings), and current, active certificants (those for whom NEEA
continues to claim savings). It also includes counts of building operators who have obtained their
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BOC certificate as part of BOC-E. We presented our findings in a memo to NEEA on March 9,
2015, included in this MPER as Appendix B.
BOC Idaho and Montana Certificant Survey. In January and February 2015, we conducted an
online survey of 70 building operators located in Idaho and Montana. The three purposes of the
survey were: 1) to provide data on workplace characteristics to use in estimating market size (see
market characterization, below); 2) to provide data on Idaho and Montana respondents’ attitudes
and perceptions relating to key research questions; and 3) to generate an estimate of mean peroperator BOC-related energy savings based on self-reported O&M practices (see ACE Model
review, below). We also provide details on survey methods and findings in Section 4, Findings.
Market Characterization. We updated our previous estimates of the number of building
operators in the region (based on data from the 2013 survey of BOC operators combined with
data from the 2014 survey of non-certified operators), included in MPER #1 and MPER #2, and
a summary of secondary research on the distribution of buildings by end-use type and ownership,
which we included in MPER #2. We submitted the memo to NEEA on March 30, 2015, and
revised on April 15, 2015. It is included in this MPER as Appendix C.
ACE Model Review. For MPER #1, we reviewed input assumptions of the BOC-E ACE Model,
including electric consumption per square foot, percentage of savings for participating buildings,
average square footage per operator, and other parameters derived from these statistics (e.g.,
calculated savings per operator). Our primary source of data was a survey of BOC-credentialed
operators in Washington and Oregon. For MPER #2, we used the energy consumption and
savings analysis from surveyed non-certified operators as a control group for the comparable
analyses from BOC-certified operators, providing an alternative approach to estimating BOC’s
share of savings from the certified operators. For this MPER #3, we again used a survey of BOCcredentialed operators, this time from Idaho and Montana, to assess input assumptions as applied
specifically to those states. We presented our findings in a memo to NEEA on April 16, 2015,
included in this MPER as Appendix D.
The BOC certificant survey instrument is included as Appendix E.
Appendix F lists evaluation sources.
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3. Market Characterization
For MPER 3, our BOC-E market characterization: 1) revised the estimated size of the building
operator market in the Northwest and BOC’s penetration into that market, providing separate
estimates for Washington/Oregon and Idaho/Montana; and 2) revised our analysis of differences
between the Washington/Oregon and Idaho/Montana subregions based on updated secondary
data. We have attached the market characterization memorandum that we submitted to NEEA
(Appendix C).

3.1.

Data Sources

Our sources of data are: 1) our 2015 survey of Idaho and Montana BOC operators; 2) the 2014
Commercial Building Stock Assessment (CBSA) 8; and 3) other publicly available sources, such
as the U.S. Census Bureau. We provide details on these sources in Appendix F.

3.2.

Building Operator Market Size

We used the same method that we established in MPER #1 and modified in MPER #2 to
estimate the number of in-house building operators in the Northwest. For large buildings (at least
50,000 square feet), we estimate the mean building area per operator working in buildings of that
size, divide that figure into the total area of all large buildings, and multiply by 75% (to account
for the fact that not all large buildings have in-house operators). We estimate the number of
operators in small buildings (at least 5,000 but less than 50,000 square feet) as equal to 3% of the
number of buildings in that size tier. The rationale for this methodology is in Appendix C.
We have updated the previous estimates of the building operator market size based on new data.
Our previous estimate of mean building area per operator came from surveys of BOC operators
largely in Washington and Oregon. For MPER #3, we continue to use those data to estimate the
Washington/Oregon operator population, but we use data from a survey of BOC operators in
Idaho and Montana to estimate mean building area per operator in those states.
In addition, we previously used the 2009 CBSA to estimate the total building area in the large
building tier and the number of buildings in the small tier. For MPER #3, we used data from the
2014 edition of CBSA, which reports about 50% more total large-tier building space than did the
2009 CBSA and reports about twice the regional number of small-tier buildings than we
estimated from the 2009 CBSA data. 9 These differences considerably increased our estimates of
the operator population.

8

2014 Northwest Commercial Building Stock Assessment: Final Report. Prepared by Navigant Consulting. for
the Northwest Energy Efficiency Alliance, December 16, 2014.

9

The 2009 CBSA did not provide the number of buildings by size tier. We estimated the number of buildings
from the total floor space in each tier, estimating the mean size for that tier from an assumed degree of skew.
However, we underestimated the degree of skew, thereby underestimating the number of buildings.
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Our new survey of 70 Montana and Idaho building operators provided data to calculate building
square footage per operator for 63 workplaces. As before, we weighted the individual cases to
adjust for differences between the survey sample and the population in the distribution of
workplace size. We also re-weighted the previously collected Washington/Oregon data with the
2014 CBSA data to update our estimate of the mean square feet per operator for those states.
Table 5 shows the revised estimated size of the regional building operator market resulting from
the above methods.
Table 5: Estimated Size of Regional Building Operator Market

Number of Operators
Size Tier
(Square Feet)
Large (> 50,000)

Small
(5,001 to 50,000)

How Number of Operators in Tier is
Calculated

Region

Washington
/ Oregon

Idaho /
Montana

Total area of buildings in tier…

1.58 B

1.426 B

154 M

…divided by SF per operator times 75%1

17,558

13,759

3,799

Number buildings in tier…

85,898

70,168

15,730

…times three percent

2,577

2,105

472

20,135

15,864

4,271

Total
1

The SF per operator was 77,721 for Washington/Oregon and 30,374 for Idaho/Montana.

For MPER #1 and MPER #2, we estimated that there were approximately 1,000 building
operators in the “facility services” sector that provide outsourced O&M services. This was based
on an estimate of 20 such operators with the BOC credential and the estimate (from market
informants) that no more than 2% of such operators have the BOC credential. The current BOC
database shows 20 certified and active operators in the facility services sector. Therefore, we
continue to estimate 1,000 operators in that sector.

3.3.

BOC Market Penetration

Together, NEEC and IBOA have certified 2,563 BOC operators through 2014 – 1,988 in
Washington and Oregon and 575 in Idaho and Montana. 10 We assume that 3% of the Washington
and Oregon operators are no longer in the workforce (see Appendix C for details), yielding an
estimate of 1,928 certified operators still in the workforce in those states.
A high percentage (34%) of unreachable operators in our survey of Idaho and Montana operators
suggested that a higher percentage of operators may have left the workforce in those states. We
calculated penetration estimates for Idaho/Montana under three assumptions about the
percentage of operators that have left the workforce: 1) it is the same percentage (3%) as for

10

2014 BOC Program Database. Memorandum prepared for the Northwest Energy Efficiency Alliance by
Research Into Action, February 28, 2014.
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Washington/Oregon; 2) it is equal to half the percentage of “unreachable” Idaho and Montana
operators (17%); and 3) it is the midpoint (10%) of the other assumptions.
Table 6 shows the resulting estimated penetration rates: from 10% to 13% for Idaho/Montana;
and about 12% for Washington/Oregon and the region as a whole. The Washington/Oregon
estimates are roughly three-quarters the rate reported in MPER #2 and the regional estimates are
about two-thirds of those from MPER #2. The differences from MPER #2 result largely from the
increase in the operator population estimates.
Table 6: Estimated Penetration Rates as of 2014: Washington/Oregon, Idaho/Montana, and Region
Parameter

Washington / Oregon

Idaho / Montana

Region

1,928

417 – 558

2,345 – 2,486

Estimated operator population

15,864

4,271

20,135

Estimated penetration

12.2%

9.8% – 13.1%

11.6% – 12.3%

BOC certified, in workforce

1

1

For Idaho/Montana, we have estimated a range based assuming a minimum of 3% and a maximum of 17% of
certified operators in the BOC database have left the workforce.

The penetration rate for Idaho/Montana is much lower than what we estimated in MPER #2
(32% to 47%) and is in line with that for Washington/Oregon, particularly under the “midpoint”
assumption. These lower estimated penetration rates are also consistent with previous market
informants’ reports of low general awareness of BOC in Idaho and Montana (see MPER #2).

3.4.

Course Capacity Relative to Operator Population

We reviewed registration data provided by NEEC and IBOA on BOC courses offered in 2013
and 2014 to assess the course capacity relative to the size of the operator population. Table 7
shows that there are more non-certified operators per course offered in Washington/Oregon than
in Idaho/Montana, but because the Washington/Oregon courses had more registrants, on average,
they reach a greater share of the market.
Table 7: BOC Level I Courses Offered Between 2013 and 2015, by State
Washington and
Oregon

Idaho and Montana

Number of Courses

26

8

Number of non-certified operators per course offered1

536

473

Number of Registrants

470

93

3.4%

2.5%

18

12

Year

1

Registrants as a percentage of non-certified operators
Mean Class Size
1

The number of non-certified operators in each subregion is the estimated total operator population minus the
estimated number of BOC certified operators currently in the workforce. For Idaho and Montana, we used the
midpoint of the range of estimated workforce sizes.
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Based on survey data from MPER #2 on operators’ rated likelihood of taking BOC training
given employer support for the training, we estimate that perhaps 28% of non-BOC operators
who are aware of BOC would be likely to take BOC training in a given year (see Appendix C for
details).

3.5.

Characteristics of Idaho and Montana Market

Secondary research suggests that the distribution of building square footage by end-use type in
Idaho and Montana is similar to that in Washington and Oregon, although the combined
“retail/service” end-use occupied a greater share of building space in Idaho and Montana than in
Washington and Oregon. Although the distribution by end-use may be similar, the percentage of
building square footage that is owned or controlled by the Federal government is about twice as
great in Idaho and Montana (7%) as in Washington and Oregon (4%).
Section 4.3 provides further information on the Idaho and Montana operator markets based on
results of our survey of BOC operators in those states.
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4. Findings
This section summarizes key findings from our review of the program logic model and database,
our survey of Idaho and Montana BOC-credentialed operators, and our review of progress
toward the BOC-E market progress indicators (MPIs). The data sources for these findings are the
initiative logic model and associated tables, the NEEC BOC database, our survey of noncertified building operators and building and business owners, and personal communication with
BOC implementation staff.

4.1.

Review of Program Theory and Metrics

For each of the three MPERs (including this MPER #3), we have reviewed the initiative logic
model and assumption tables to ensure that they: 1) accurately describe the program theory; and
2) provide sufficiently detailed descriptions of MPIs to allow assessment of progress. Each year,
initiative staff have made slight revisions to the logic model and tables. For this MPER #3, we
reviewed version 13 of the logic model.
Our review, documented fully in Appendix A, identified three relatively minor issues relating to
differences between the logic model graphic and the assumptions table and presented
recommended changes in the wording of two MPIs. The three differences between the graphic
and tables are:
〉

For MPI I, slight wording difference between the MPI table (“BOC is a FBPTA-Aligned
training & certification program [for] GSA”) and graphic (“BOC is a GSA-Aligned
training & certification program”).

〉

The MPI table does not specifically identify MPI II or III as “short term,” while the
graphic does.

〉

The MPI table identifies MPI VIII as “long term” but the graphic identifies it as “medium
term.”

The two recommended changes to MPI wording are:
〉

Revise MPI II and its associated outcome to refer to “Idaho and Montana operators”
rather than “IBOA members” and “Idaho and Montana certificants” rather than “IBOA
certificants.” The focus for this MPI is on increasing certification in Idaho and Montana,
but not all Idaho and Montana certificants are IBOA members or are certified by IBOA
(some may cross a state line to be certified).

〉

NEEA staff should revise the “MPIs” tab of the logic model tables to more clearly define
the criteria for determining whether a utility leverages/supports BOC in its energy
efficiency programs (MPI XI). Specifically, the text should include something like the
following: “A utility is counted as ‘leveraging or supporting’ BOC in its EE programs if
the utility meets either of the following criteria:
1. The utility requires or recommends BOC certification for participation in another
utility program in the utility’s portfolio, such as an SEM, RCM, or RCx program.
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2. BOC is, in and of itself, an energy efficiency program for the utility – i.e., the
utility includes BOC on a list of its commercial energy programs, provides an
incentive directly to course attendees or to the training implementer to reduce the
cost of training, and/or claims savings based on the number or amount of
incentives given.”
We have no further recommendations at this time.

4.2.

Review of Program Database

For this evaluation, Research into Action updated the combined dataset of NEEC and IBOA
certificants that we created for MPER #2, containing records on all individuals employed in
NEEA territory that had received certification since 1996. From that, we updated the counts of
active BOC certificants – those whose certifications are still in effect or have not been expired
more than five years – in the four Pacific Northwest states and of certificants in one of three
BOC-E special classes or in one of four other groups that the Initiative has targeted.

4.2.1. Methods
On January 20, 2015, NEEC provided Research into Action with a dataset that contained 236
records of individuals that had received or renewed certification in 2014 through NEEC and
IBOA and worked in Idaho, Montana, Oregon, or Washington. Of those:
〉

213 were new 2014 Level 1 certificants that had not previously received any other BOC
certifications, three of whom also received Level 2 certification in 2014.

〉

24 had received their Level 1 certification before 2014 and received their Level 2
certification in 2014, which also renewed their Level 1 certification.

We added records for the 213 new 2014 certificants to the existing combined dataset on the
NEEA SharePoint site and updated existing information on the 24 continuing certificants. The
updated combined dataset comprised records of 2,563 individuals employed in NEEA territory
that had received certification since 1996.
Each record in the NEEC database includes information about the certificant and his/her
employer as well as the years of certification and expiration of BOC Level 1 and Level 2
certifications. As maintaining certification requires annual renewal, the year of “expiration of
certification” is the year following the last year of renewal or the year of certification if the
certificant did not renew certification.
We calculated the number of new and retired BOC certificants for each year from 1997 through
2013. For any given year, new BOC certifications are those certified for the first time in that year
and retired certificants are those who have not received certification or renewal (Level 1 or Level
2) within the previous five years (the assumed measure life of the certification). We calculated
year-by-year cumulative totals of active BOC certificants as the sum of those that had received
certification up to and including that year minus the total number of retired certificants up to and
including that year.
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In updating the counts, we accounted for changes NEEC made to the expiration years of IBOA
certificant records it incorporated into the BOC database in 2014. IBOA had set the expiration to
occur the first year after certification, while NEEC considers the expiration year to be the second
year after certification. NEEC reset the expiration years for the imported IBOA records to be
consistent with the existing records. This extended the certification tenure of IBOA certificants,
which affected the pre-2014 year counts. For example, the count of certificants whose savings
retired in 2013 decreased from 194 (MPER #2) to 79 and the count of active BOC certificants
that year increased from 1,420 to 1,451.
Appendix B provides details on the database analysis.

4.2.2. 2014 New and Total Active Certificants and Renewals
In 2014, we identified 213 individuals that received certification for the first time – about the
same number of new certificants as in 2012. Of the 213 new certificants, 167 were in special
BOC-E classes or targeted groups. We identified 221 previous certificants who could not be
counted as active either because their savings had retired (i.e., it had been at least five years since
their expiration had expired), they had left the workforce, or they were unemployed. The fact that
the number of certificants with retired savings or who left the workforce or were unemployed
(221) was eight greater than the number of new certificants (213), there was a net decrease of
eight active certificants, from 1,451 in 2013 to 1,443 2014.
In all, BOC has certified 2,560 individuals in the Pacific Northwest since 1996. Table 8 shows
the counts of total certified, total inactive, and total active certificants by state.
Table 8. Count of Total Certified, Total Inactive, and Total Active through 2013, by State
Total Certified

Total Inactive1

Total Active

1,461

617

844

Oregon

527

231

296

Montana

314

114

200

Idaho

258

155

103

Total

2,560

1,117

1,443

State
Washington

1

Inactive included those whose savings have retired because it has been at least five years since their
certification expired as well as those who retired from work or were deceased before their savings ended and
those who were unemployed in 2013.

Figure 2 shows the total count of new certificants each year from 2004 to 2014 as well as the
count of new certificants in the BOC-E-targeted groups and those in groups not targeted by the
Initiative. This figure shows that the number of certificants in initiative-targeted groups has
grown significantly since the Initiative began in 2012, providing evidence of Initiative success
(see Section 4.4). On the other hand, the figure also shows that the number of certificants outside
the targeted groups – the “traditional” BOC target audience – has fallen just as dramatically. As a
result, the total number of new certificants in 2014 is about the same as in 2012.
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Figure 2: Year-by-Year Count of New Certificants In and Not in BOC-E Targeted Groups
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The count of “active” certificants – those for whom NEEA counts savings – in any given year is
a function not only of the number of new certificants that year but of the number whose savings
retired that year. Figure 3 shows the year-by-year counts since 2004 of new certificants (the
“total” number from the above graphic), the number of certificants with retired savings, the net
change in the number of active certificants from the previous year, and the total number of active
certificants.
This figure shows fluctuations in the number of new certificants and certificants with retired
savings as well as in the net change in the number of certificants with active savings. In most
years, the net change is positive, resulting in an increase in the total number of certificants with
active savings. However, the fluctuation in the net change means that the rate of increase
fluctuates from year to year – the rate has varied from 0% to 10% since – making it difficult to
grasp the longer-term trends from the year-to-year data.
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Figure 3: Year-by-Year Count of New Certificants, Certificants with Retired Savings, Net Change in Number
of Certificants with Active Savings, and Total Number of Certificants with Active Savings
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Note: The count of certificants with active savings (range = 920 to 1,449) is plotted against the y-axis on the
right side of the graph; the other items (range = -8 to 221) are plotted against the y-axis on the left side of the
graph.

To provide a clearer picture of the longer-term trends, Figure 4 shows the percentage increase in
successive rolling five-year averages in the number of active certificants. Specifically, each point
in the graph shows the percentage increase in the mean number of active certificants for a given
five-year period (e.g., 2010-2014) compared to the five-year period ending the previous year
(2009-2013 in this example). This smooths out the yearly fluctuations, providing a better view of
the longer-term trends. This figure shows little longer-term variation in the rate of increase, and
shows that the percentage increase for the most recent five-year period is equal to the average
since 2004. 11

11

As noted above, there were 25 BOC certificants who withdrew from the workforce at some point before 2013.
We could not determine exactly when each one withdrew, so we assumed for the purpose of this analysis that
five withdrew from the workforce in each of the five years from 2008 to 2012.
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Figure 4: Percentage Increase in Successive Five-Year Rolling Mean Counts of Active BOC Certificants
Percent Increase in Active
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Notes: “Active” certificants are those that are either currently certified or whose certification has been expired
for less than five years. Each data point in this graphic shows the percentage change between the mean
number of active certificants for the five-year period identified in the x-axis (e.g., 2010-2014) and the mean
number of active certificants for the five-year period defining the previous data point (e.g., 2009-2013).

Table 9 shows the percentage of Washington and Oregon certificants who were eligible for
renewal each year, from 2010 through 2014, that renewed their certification that year, as well as
the percentage of Idaho and Montana certificants eligible in 2014 who renewed. This shows an
increasing trend from 2010 to 2012 among Washington and Oregon certificants, followed by a
slight decrease. This pattern corresponds to, and helps explain, the one seen in Figure 4, above.
This table also shows that the 2014 renewal rates were considerably higher in Washington and
Oregon than in Idaho and Montana.
Table 9: Renewal Rates by State and Year*
Washington and Oregon

Idaho and Montana

Year

Washington

Oregon

Subtotal

2010

45%

47%

45%

2011

46%

46%

46%

2012

60%

64%

61%

2013

55%

51%

54%

2014

51%

41%

48%

Idaho

Montana

Subtotal

No Data Provided

32%

28%

30%

* These rates are based on the 2014 Certification Tables Quarterly Update, an Excel-based dashboard that
NEEC updates quarterly (see Appendix F). This dashboard does not include renewal rates for Idaho and
Montana before 2014.
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4.2.3. Attributes of BOC-E Certificants
The 2014 BOC database includes information on membership in three BOC-E special classes
and four initiative-targeted or tracked groups – collectively, referred to as BOC-E “attributes.”
The three special classes are those formed through the Initiative’s outreach to large employers
(Large Employer); those held in previously underserved areas (Underserved); and those that
incorporate online modules (Online). The four targeted or tracked groups are: certificants that
received training from the International Union of Operating Engineers (IUOE); returning
veterans who served in Afghanistan or Iraq (2001 to 2012); federal employees; and the
unemployed. When NEEA launched the BOC-E initiative, it targeted veterans and unemployed
trainees. Since then, NEEA changed the initiative strategy to prioritize building market demand
for BOC and exiting the market one year earlier than planned. The strategy relating to returning
veterans and unemployed was a lower priority, which the initiative dropped, but the initiative
still tracks these two groups in the BOC database.
As of 2014, a total of 401 individuals fit into one or more of the above special classes or groups,
of whom 366 received BOC certification for the first time sometime from 2012 to 2014. The
other 35 had received BOC certification prior to 2012 but received an additional certification
through BOC-E (typically Level 2) sometime from 2012 to 2014.
Table 10 shows counts for the various attributes of BOC-E certificants. The table also shows the
percentage that certificants with each attribute comprise of all BOC-E certificants and of all
2012-2014 BOC certificants. For example, certificants in classes arranged through outreach to
large employers comprised 57% of BOC-E certificants to date and 39% of all 2012-2014 BOC
certificants. As individuals may possess more than one of the attributes found in the table, the
total of the line items may exceed the total of unique BOC-E certificants.
Table 10. BOC Expansion Attributes; Multiple Selections Allowed

Attribute Type

Count

Percent of
All BOC-E
Certificants*
(n = 401)

Percent of
2012-2014 BOC
Certificants
(n = 593)

Large Employer

229

57%

39%

Underserved

151

38%

25%

Online Class

107

27%

18%

Any Special Class

363

91%

61%

IUOE is Education Provider

11

3%

2%

Returning Veteran (2001-2012)

14

3%

2%

Federal Employee

16

4%

3%

Unemployed

28

7%

5%

Any Targeted Group

67

17%

11%

Any BOC-E Attribute

401

100%

68%

*All BOC-E certificants were in the 2012-2014 cohort.
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4.3.

Survey of Idaho and Montana BOC Operators

For MPER #3, we conducted an online survey of building operators located in Montana and
Idaho, using the same methodology as in MPER #1. We sent an initial email survey invitation
and up to three reminders to 408 ever-certified Idaho and Montana building operators for which
the BOC database listed valid email addresses, plus 10 additional operators who we reached by
telephone to obtain their email address. Of those 418 invitations, 136 were undeliverable. A total
of 70 operators completed the survey, 26% of all those with deliverable emails.
The survey covered respondent and workplace characteristics, non-BOC training received,
employer support for BOC certification and certification renewal, awareness of utility BOC
tuition subsidies, awareness of the requirement to renew BOC certification annually and of plans
to do so, and benefits realized through certification. In addition, the survey asked respondents
whether they had recommended BOC certification to anyone else and, if so, to whom, and the
degree to which they had shared the knowledge they had gained through BOC training with
others.

4.3.1. Representativeness of the Sample
Table 11 shows how the survey sample compares with the population of BOC-credentialed Idaho
and Montana operators on key variables. The BOC program database identifies 596 Idaho and
Montana building operators who ever received the BOC credential. Survey respondents were
very much like the population in terms of employer type and state of employment, the only
firmographic characteristics identified in the BOC database for a large majority of operators.
Operators who were newly certified and who had maintained their certification continuously
were disproportionately represented in the sample. This is not surprising, but initiative staff
should consider this fact when interpreting the results.
Table 11: Summary of Population and Sample in Key Characteristics (n = 70)
BOC Population
Count

Sample

Percent

Count

Percent

EMPLOYER TYPE *

Government

94

39%

27

39%

Healthcare

46

19%

11

16%

K-12 School

52

21%

14

20%

College/University

14

6%

6

9%

Other

38

16%

12

17%

Total

244

100%

70

100%
Continued
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BOC Population
Count

Sample

Percent

Count

Percent

WORK STATE

Idaho

260

44%

22

38%

Montana

336

56%

36

62%

BOC CERTIFICATION STATUS

Newly certified – not lapsed

67

11%

27

39%

Renewed – not lapsed

121

20%

28

40%

Renewed – lapsed

367

62%

6

9%

Never renewed

41

7%

9

13%

Total

596

100%

70

100%

( * ) Employer type was missing for 59% of the population contacts.

4.3.2. Respondents’ Characteristics
Table 12 summarizes respondent characteristics. Respondents reported a range of titles, most
commonly “facility manager” or “technical staff.” Nearly all respondents reported that they do
O&M work themselves, but more than half said they also manage other O&M staff. They
reported a wide range of experience in O&M activities. Nearly half (46%; not in table) said they
were authorized to make decisions regarding training for O&M staff at their workplace.
Table 12: Respondent Characteristics
Count

Percent

JOB TITLE (MULTIPLE RESPONSES ALLOWED)

Facility manager

36

51%

Custodial manager

15

21%

Other manager, team leader

17

24%

Electrician or other technical

25

36%

Engineer

13

19%

Custodial staff

9

13%

General contractor

6

9%

ROLES IN BUILDING OPERATION AND MAINTENANCE

Manage other O&M staff and perform building O&M

41

59%

Manage other O&M staff but do no O&M work

5

7%

Do O&M work, but do not manage other staff

24

34%

Total

70

100%
Continued
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Count

Percent

NUMBER OF YEARS OF O&M EXPERIENCE

5 years or less

19

27%

6 to 10 years

13

19%

11 to 15 years

13

19%

16 to 20 years

7

10%

More than 20 years

18

26%

Total

70

100%

Respondents varied in the number, arrangement, and total size of the buildings that constituted
their workplaces as well as in the number of O&M staff employed (Table 13). About two-thirds
reported working in multiple buildings, usually in separate locations rather than in a single
complex, and about one-quarter of respondents reporting their duties covered more than ten
buildings.
Table 13: Workplace Characteristics
Count

Percent

Single standalone building

22

31%

Single building, part of complex of buildings

3

4%

Multiple buildings in a complex

12

17%

Multiple buildings in separate locations

33

47%

Total

70

100%

1 building

22

31%

2 to 5 buildings

14

20%

6 to 10 buildings

13

19%

More than 10 buildings

17

24%

Don’t know

4

6%

Total

70

100%

WORKPLACE ARRANGEMENT

NUMBER OF BUILDINGS IN WORKPLACE

TOTAL CONDITIONED AREA OF WORKPLACE BUILDING OR BUILDINGS

Up to 50,000 square feet

19

27%

50,001 to 100,000 square feet

12

17%

100,000 to 500,000 square feet

23

33%

More than 500,000 square feet

12

17%

Don’t know

4

6%

Total

70

100%
Continued
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Count

Percent

Only the respondent

3

4%

2 to 5 staff

36

50%

6 to 20 staff

23

33%

21 or more staff

9

13%

Total

70

100%

NUMBER OF OPERATIONS AND MAINTENANCE (O&M) STAFF

Respondents were responsible for a wide range of equipment types (Table 14). Chilled water and
compressed air systems were the only equipment types for which fewer than 90% of the
respondents were responsible, which may reflect fewer facilities in which those types of systems
exist. In most cases, respondents reported sharing responsibility for each equipment type with
other O&M staff. On average, respondents share responsibility for equipment with somewhat
fewer than half of the other O&M staff at their facilities. Generally, about half of the respondents
said they shared equipment responsibility with one or more other BOC-credentialed operators,
usually representing about one-sixth of the entire O&M staff.
Table 14: Equipment Responsibilities

Respondents
Responsible
for
Equipment

Other O&M
Staff Also
Responsible

% of Other
O&M Staff
Also
Responsible

Other BOCCredentialed
Staff Also
Responsible

% Of Other
O&M Staff
Have BOCCredential
and Also
Responsible

Boiler system

91%

89%

43%

53%

17%

Economizer & vent. control

96%

85%

43%

54%

17%

Fans & air distribution

97%

85%

46%

54%

18%

Chilled water system

70%

92%

33%

65%

14%

Domestic water heating

97%

87%

46%

50%

17%

Lighting

96%

88%

48%

49%

17%

Compressed air system

70%

86%

33%

54%

11%

Pumps

99%

86%

44%

52%

18%

Motors

99%

90%

45%

55%

18%

Equipment Type

4.3.3. Employer Support for Certification and Renewal
Respondents reported high degrees of support both for initial certification and maintenance of
O&M-related credentials (Figure 5). Levels of support for initial certification were comparable
to what surveyed Washington and Oregon BOC operators reported in our research for MPER #1,
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and the Idaho/Montana operators generally reported greater support for maintenance than did the
Washington/Oregon operators.
Figure 5: Employer Support for O&M-Related Certification and Maintenance of Certification
(Multiple Responses Allowed; n = 70)
84%

Percent of Respondents

89%

78%
64%

69%

70%

16%
6%
Any support

Pays at least some costs

Allows attendance during
paid working hours

None of the above

Type of Support
Support for Certification

Support for Maintenance

Respondents who work for organizations with a large O&M staff are significantly less likely to
report their organizations pay BOC tuition costs for their employees. Of respondents in
organizations with more than 10 O&M staff (n = 15), 33% said their employers do not pay any
of the costs related to O&M training or certification, while 71% of those working for
organizations with 10 or fewer O&M staff (n = 55) reported their employers provide such
support. 12

4.3.4. Non-BOC Training Received
A majority (61%) of respondents reported that they had received O&M-related technical training
or certifications other than through BOC in the previous five years. In a little more than one-third
of those cases (23% of the sample), the respondent reported receiving training from one of four
building industry associations and one commercial organization that provides building-related
training: ASHRAE, 13 the International Facilities Management Association (IFMA), the Green
Building Initiative, American Trainco, and the Association for Facilities Engineering. In no case
did more than six respondents (9% of the sample) identify any single training organization.
Slightly fewer than half (44%) of the respondents reported receiving training from some other
source than those identified above. In most cases, the respondents did not specify the source, but

12

Using Chi-Square Test, p = .008.

13

Formerly, the American Society of Heating, Refrigerating and Air-Conditioning Engineers.
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instead identified the training topics. The most common types of training identified were training
related to boilers (four respondents) and controls (three respondents).
Thus, while most respondents have had some sort of training other than BOC in the past five
years, no specific training organizations or courses stand out as common training sources.

4.3.5. BOC Subsidies and Training Decisions
A majority (89%) of respondents were aware that some utilities offer subsidies for BOC tuition.
The percentage was slightly higher (94%) among those who were authorized to make training
decisions. Of the 38 respondents who were not authorized to make training decisions, 26 (68%)
indicated that an authorized person knew about the subsidies – 20 reported direct knowledge of
this because they had spoken with someone about the subsidies. Thus, it appears that awareness
of utility subsidies for BOC tuition is high.
The 32 respondents who were authorized to make training decisions rated their likelihood of
authorizing additional staff to attend BOC training in the next two years given various levels of
tuition subsidy. Even with no tuition subsidy, slightly less than half said they were at least
somewhat likely to send an O&M worker to BOC training. The proportion does not increase
much for a 25% subsidy. However, the proportion increases to about two-thirds for a 50%
subsidy and to more than three-quarters for a 75% subsidy (Figure 6).

Percent of Respondents

Figure 6: Likelihood of Sending O&M Staff to BOC Training, By Varying Levels of Tuition Subsidy (n = 32)

56%
38% 38%

31%
19%
6%

0% Subsidy

38%

38%
13%

19%

25% Subsidy

19%

25%

22%

19%

16%

6%
50% Subsidy

75% Subsidy

Level of Tuition Subsidy
Not at all likely

Somewhat likely

Very likely

Don’t know or no response

These findings compare well with those from our 2014 survey of BOC operators’ employers and
managers, done for MPER #2, where 75% of respondents said that a 50% utility tuition subsidy
would increase their likelihood of sending staff to BOC training.
All five respondents who said they would not be “very likely” to send additional employees to
BOC training even with a 75% tuition subsidy said that their O&M staff already have sufficient
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skills. Of those five respondents, two indicated they were the only O&M employees and one
each reported three, five, and nine O&M employees. Other reasons given were that the training
required out-of-work time, the class schedule was inconvenient, or the cost would be a barrier
(two respondents each), and that the BOC topics were not completely relevant to their type of
facility (a data center; one respondent).

4.3.6. Awareness of and Plans for Renewal of Certification
Thirty-six respondents were either recently certified (n = 27) or had allowed their certification to
expire without ever renewing (n = 9). All but four of the 36 respondents (89%) were aware that
BOC certification requires annual renewal, consistent with our findings from Washington and
Oregon operators for MPER #1. Another six respondents had renewed in the past but more
recently had allowed their certification to expire – of those, three were aware that it might still be
possible to renew their certification.
When asked about plans to renew, the responses of the above 42 respondents depended on which
group they were in. Twenty-one of the 27 (78%) newly certified operators said they would renew
certification, while three of the six that had renewed and later lapsed said they would renew and
none of the nine that had never renewed indicated any plans to do so, resulting in 18 with no plan
to renew.
The 18 who reported no plan to renew cited costs (seven), no need to maintain certification (six),
lack of time (six), plans to retire or leave the industry (three), and a decision to pursue BOC
Level 2 certification (one).

4.3.7. Career Benefits to BOC Certification
A large majority (83%) of respondents reported some personal work-related benefit from BOC
certification (Figure 7). Most commonly cited were improved work performance and increased
work responsibility or authority. Those who reported the latter cited generally increased work
responsibilities, increased authority over other staff, a greater role in building O&M decisions,
and more autonomy at work. About two-fifths said they were more employable, and nearly that
many reported greater recognition within their firm. However, that translated into greater pay for
just one in seven.
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Figure 7: Career Benefits of BOC Certification (Multiple Responses Allowed; n = 70)
Improved work performance

61%

Increased responsibility or authority

60%

Increased work responsibilities

50%

Greater role in building O&M decisions

50%

More autonomy at work
Increased authority over other staff

26%
16%

More employable

39%

Greater recognition from work superiors
Increased pay
No benefits

36%
14%
17%

Percent of Respondents

4.3.8. Recommending BOC Training to Others
Three-quarters of respondents (76%) said that they had recommended BOC training to other
people. Nearly all of those (70% of all respondents) reported recommending BOC to someone
within their firm, most commonly to coworkers (64% of respondents). They were less likely
(29%) to recommend BOC to work superiors.
Two-fifths (40%) of respondents also recommended BOC to people outside their firm. Again,
they were more likely to recommend it to other O&M workers (34% of respondents did so) than
to building or business owners (13%).

4.3.9. Transferring Knowledge Gained from BOC Training
Sixty respondents reported there were other O&M staff without the BOC credential at their firm.
Somewhat less than half those respondents (47%) said that they had shared knowledge gained
through BOC training with other staff “somewhat” or “to a large degree” (Figure 8).
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Percent of Respondents

Figure 8: Degree to Which Participants Transferred Knowledge from BOC to Other O&M Staff:
Respondents Reporting Other, Non-BOC-Certified O&M Staff (n = 60)

53%
38%

8%
To a small degree
or not at all

Somewhat

To a large degree

By contrast, in our 2014 survey of BOC operators’ employers and managers, 82% of the
employers and managers said that their BOC certified operators transferred knowledge to other
staff “somewhat” or “to a large degree.” The 2014 survey was with Washington and Oregon
respondents, which conceivably could be partly responsible for the difference. It seems more
likely, however, that this reflects a difference in perspective between the operators and the
employers and managers.
It seems that operators are in the best position to know how much knowledge they have shared
with others. If so, this finding may suggest that building and business owners and managers may
over-estimate the degree to which BOC-credentialed operators are influencing the performance
of their non-credentialed coworkers. This may have implications for messaging strategies
targeting building and business owners and managers.

4.4.

Market Progress Indicators (MPIs)

This section summarizes the evaluation’s findings to date relative to the 11 BOC-E MPIs. The
initiative has so far achieved four MPIs:
〉

MPI I: GSA notified NEEC of its status as an approved training provider in June of 2014.

〉

MPI III: IUOE became a BOC Approved Provider in February of 2013.

〉

MPI IV: NEEA staff completed a Utility Engagement Plan (MPI IV) in 2013, and revised
it in 2014 with input from utilities.
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〉

MPI VII: NEEC formed a Certification Advisory Commission in 2014 that satisfies the
ISO 17024 requirement to establish a firewall between training and examination. 14

The Initiative has made progress on six other MPIs. Four of those MPIs are stated in terms of a
10% increase in the number of new certificants of a given type over the 2012 baseline:
〉

MPI II: IBOA (Idaho and Montana) certificants.

〉

MPI V: Certificants from underserved areas.

〉

MPI VI: IOUE members.

〉

MPI IX: Federal sector employees.

Figure 9 shows increases in certifications for the above four groups. The Initiative expects to
meet the 10% increase for three of those MPIs (II, V, and VI) by the end of 2015 and expects to
meet the 10% increase for MPI IX by June of 2016. Presumably, this means that the mean annual
number of new certificants in the respective groups must be at least 10% higher than the 2012
baseline. By that standard, the Initiative likely will meet MPIs V, VI, and IX. In fact, the
Initiative would meet MPIs V and IX even if BOC had no 2015 certificants from underserved
areas and no 2015 or 2016 certificants from the Federal sector. 15 The Initiative will meet MPI VI
if BOC gets at least five 2015 certificants that are IUOE members. The Initiative will meet MPI
II if BOC get an additional 51 Idaho and Montana certificants in 2015, three more than in 2014. 16
MPIs X and XI also have numeric metrics. MPI X specifies a certification rate of 85% and
annual certification renewal rate of 70% by the end of 2016. Based on NEEC course registration
tracking data, the 2013 and 2014 certification rates were 83% and 75%, respectively. 17 The same
tracking data show that 45% of certificants who were eligible for certification renewal in 2014
did renew, compared to 54% in 2013 and 50% (cumulative) from 2010 through 2012. Therefore,
the Initiative may not achieve MPI X within the specified time frame.

14

The British Standards Institution (2012).

15

In fact, although the Logic Model identifies June 30, 2016 as the expected date for achieving this MPI, in
practice it can be assessed only at the end of the year.

16

Idaho and Montana became part of BOC-E in Q2 2013. Therefore, it is not appropriate to use 2013 data to
assess progress toward MPI II. BOC got 48 new certificants in 2014. An additional 51 in 2015 will make an
average of 49.5 for 2014-2015, which is 10% more than the 45 certified in 2012.

17

These rates are based on the 2014 Certification Tables Quarterly Update, which NEEC provides to NEEA. The
certification rates calculated from that update include individuals who took the BOC training in previous years
but did not certify with their registration cohort. This addresses the under-estimation of the certification rate that
would occur if those individuals were not included in the calculation, but may increase the year-to-year
variability in certification rates. See Section F.1.1 of Appendix F for more details.

Findings | Page 30

BOC-Expansion Initiative Market Progress Evaluation Report
Figure 9: Progress on MPIs II, V, VI, and IX: Percentage Increase Over 2012 Baseline in Certification for
Four Initiative-Targeted Groups1
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5

IX: Federal sector
employees
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Idaho and Montana became part of BOC-E in Q2 2013. Therefore, it is not appropriate to use 2013 data to
assess progress toward MPI II.

MPI XI specifies that ten of the region’s utility programs leverage or support BOC in their
energy efficiency programs. The estimated date of this outcome is June 30, 2016. As of 2014,
five of the region’s utilities leverage or support BOC through six energy efficiency programs:
two claim energy savings for BOC certification incentives and four recommend or require BOC
certification as a criterion for participation in another program. Through the Initiative’s Utility
Engagement Plan, initiative staff are working to increase the number of utility programs that
leverage or support BOC.
Finally, MPI VIII (“BOC is an accredited provider under ANSI 17024 Standard”) is an “all or
none” MPI. BOC must first operate for one year under the 17024 standard. As noted above,
NEEC has established the conditions to begin operating under the standard.
Table 15 shows the 11 MPIs, the outcome associated with each, the timeframe in which the BOC
implementation team expects the outcome to occur, the data source the program logic model
specifies for assessing progress, and a brief summary of the evaluation’s findings so far.
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Table 15. BOC-E Initiative Market Progress Indicators (MPIs)
MPI #

Outcome

Time Frame

MPI

Data Source

Evaluation Findings

I

BOC is a FBPTAaligned training and
certification program
GSA

Short term
(1-3 years)

BOC listed on GSA
training provider roster,
by June 30, 2014

GSA's published list of
approved training providers

Outcome has been achieved: NEEC is a
GSA Contract Partner, as documented in
NEEA’s 2014-15 ANSI Milestones.

II

Increased participation
by Idaho and Montana
operators

Medium term
(3-5 years)

10% increase in Idaho
and Montanacertificants
over 2012 baseline by
Dec. 31, 2015

NEEC database

The number of 2014 Idaho and Montana
certificants (48) is 7% higher than the
2012 number (45)

III

IUOE becomes a BOC
approved provider (AP)

Short term
(1-3 years)

Signed AP agreement by
NEEC and IUOE by
June 30, 2014

NEEC’s signed agreement

Outcome has been achieved: IUOE
became a BOC Approved Provider on
February 28, 2013 (Source: “IUOE
Approved Provider Letter_RTC,” on the
NEEA SharePoint folder)

IV

Utility engagement
plan

Short term
(1-3 years)

Utility Engagement Plan
accepted by NEEA
management

NEEA Sharepoint BOC E
page (link to utility
engagement plan)

Outcome has been achieved: Completed
in 2013, and revised with input from
utilities

Increased participation
in underserved markets

Medium term
(3-5 years)

10% increase in
certifications by
operators in underserved
markets, over 2012
baseline, by Dec. 31,
2015

NEEC student database:
count students associated
with “underserved
markets”

There were 78 underserved Level 1 and 2
certificants in 2014 (34 from Washington
and Oregon, 44 from Idaho and
Montana), compared to 57 in 2013 and
25 in 2012

NEEC student database: year
over year count of students
associated with "IUOE"
association type

There were 18 IUOE-member Level 1 and
Level 2 certificants in 2014 (all from
Washington and Oregon), compared to 20
in 2013 and 13 in 2012.

V

VI

IUOE-member operators
become BOC certified

Medium term
(3-5 years)

10% increase in
certifications by IUOEmember building
operators over 2012
baseline by Dec. 31, 2015

CONTINUED
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MPI #

Outcome

Time Frame

MPI

Data Source

Evaluation Findings

VII

BOC program operates
in alignment with the
ANSI/ISO/IEC 17024
for one year prior to
applying for standard

Medium term
(3-5 years)

Demonstration of a
firewall between training
and exam at NEEC by
September 30, 2014

NEEC Organizational
Chart and business plan:
evaluator to review to
determine whether in
alignment.

Outcome has been achieved: The NEEC
Board of Directors approved the
formation of an Advisory Board for BOC
alignment with and application for
ANSI/ISO/IEC Accreditation in its
September 10, 2013 meeting.

VIII

BOC exam is
authorized under ANSI
17024 Standard

Long term
(5-10 years)

Signed letter of
authorization by June 1,
2017

ANSI-authorized providers
posted on ANSI website
(give URL)

NEEC has demonstration of a firewall
between training and exam and will
continue seeking ANSI accreditation for
BOC.

IX

Increased participation
by operators employed
in the Federal sector

Long term (5-10
years)

10% increase
in certifications by
Federal building
operators over 2012
baseline by June 30,
2016

NEEC student database:
year over year
count/comparison of
students associated with
"Federal" association type

There were 20 “Federal” Level 1 and
Level 2 students in 2014 (all from
Washington and Oregon), compared to a
total of five in 2013 and one in 2012.

X

Increased demand and
preference for
credential by employers
and operators

Long term
(5-10 years)

Certification rate
increases from 75% to
85%. 70% annual
certification renewal
rate, by 12/31/2016

NEEC student database:
count renewals

The certification rates for 2013 and 2014
registrants were 83% and 75%,
respectively. The renewal rates for 2013
and 2014 were 54% and 45%,
respectively.1

XI

Ten of region’s utiliy
EE programs support/
leverage BOC

Long term
(5-10 years)

Ten of region’s utiliy EE
programs support/
leverage BOC

NEEC to survey NW
region utilities for
leverage/support of BOC in
EE programs OR query
from NEEC database.

As of 2014, five of the region’s utilities
leverage or support BOC through six EE
programs: two utilities claim energy
savings for incentives provided for
customers that take BOC certification
and four utiliies recommend or require
BOC certification as a criterion for
participation in other programs.

1

These rates are based on the 2014 Certification Tables Quarterly Update, an Excel-based dashboard that NEEC updates quarterly (see footnote #17, on
page 30, above, and Appendix F). This dashboard does not include renewal rates for Idaho and Montana for 2012 or 2013.
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5. ACE Model Assumptions
For MPER #1, we reviewed inputs to the BOC-E Initiative’s ACE Model using data on O&M
practices from surveyed BOC-credentialed operators in Washington and Oregon, together with
secondary data to estimate the size of the building operator market. 18 In MPER #2, based on a
comparison of the MPER #1 survey results with those from a new survey of non-BOC operators,
we confirmed our earlier recommendations. 19
For MPER #3, we have estimated inputs to the ACE Model specifically for Idaho and Montana.
We did so using data from a 2015 survey of BOC-credentialed building operators in Montana
and Idaho, together with secondary data to estimate the size of the building operator market. Our
recommendations from MPER #1 continue to apply to Washington and Oregon, with the
exception that we also updated the estimated market size for Washington and Oregon based on
updated secondary data. We document the market size estimate in Section 3.2 and Appendix C.
Overall, the results indicated BOC-influenced savings for electricity were slightly higher than
those we reported in BOC-E MPER #1 and those for natural gas were about twice the level as we
found in MPER #1. 20 Below, we summarize the methodology for the current research, including
survey implementation and survey data preparation and analysis, and the research results.

5.1.

Methods

Research Into Action conducted an online survey of 70 BOC-credentialed O&M workers. As
part of that survey, we assessed the workers’ O&M practices and the impact of those practices on
energy consumption, using the same methods that we used in the 2013 survey of BOC
certificants. We summarize the methods below; details are in Appendix D.

5.1.1. Survey Implementation
As described in Section 4.3 and Appendix C, we conducted an online survey of building
operators located in Montana and Idaho, using the same methodology as in MPER #1. We sent
an initial email survey invitation and up to three reminders to a total of 426 ever-certified Idaho
and Montana building operators, representing 74% of the Idaho and Montana operators in the

18

BOC-Expansion Initiative Market Progress Evaluation Report #1, prepared for the Northwest Energy
Efficiency Alliance by Research Into Action, August 21, 2013 and finalized April 24, 2014. Available at:
http://neea.org/docs/default-source/reports/boc-expansion-initiative-market-progress-evaluation.pdf?sfvrsn=6.

19

BOC-Expansion Initiative Market Progress Evaluation Report #2, prepared for the Northwest Energy
Efficiency Alliance by Research Into Action, July 18, 2014 and finalized February 18, 2015. Available at:
http://neea.org/docs/default-source/reports/neea-boc-e-mper-2-final.pdf?sfvrsn=8.

20

BOC-Expansion Initiative Market Progress Evaluation Report #1 (Report #E14-277). Prepared by Research
Into Action, Inc. for Northwest Energy Efficiency Alliance, April 24, 2014. Available at:
http://neea.org/docs/default-source/reports/boc-expansion-initiative-market-progress-evaluation.pdf?sfvrsn=4
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BOC database. A total of 70 operators completed the survey - 24% of all those with deliverable
emails.

5.1.2. Survey Responses
Of the 70 survey respondents, 52 provided details about building characteristics and O&M
practices, allowing us to calculate energy usage and savings values. The 18 who did not provide
O&M details were similar to those who provided the details and were included in the savings
analyses, except that they were less likely to report responsibility for boiler systems, which
generate the majority of therm savings. Below, we discuss how we addressed this.

5.1.3. Calculating Respondents’ Energy Savings
The Research Into Action team estimated energy savings for each survey respondent with the
methods we established for the 2013 survey of BOC-certified operators, documented in detail in
MPER #1 and summarized here.
The survey assessed building or facility size, location, and end-use type. For each respondent, we
calculated a baseline energy consumption value based on those characteristics and energy usage
intensity (EUI) data from the 2014 CBSA. 21 The baseline represented what the building or
facility’s energy consumption would be if it were operated with standard building operations
practices. 22
The survey asked respondents about their O&M practices relating to nine equipment types that
the BOC curriculum addresses: boilers; chilled water systems; economizers and ventilation
control; compressed air; fans and air distribution; domestic water heaters; lighting; pumps; and
motors. The survey first asked which of the types they were responsible for and then asked a
series of questions about their O&M practices for each equipment type that a respondent
identified.
Our team used engineering analyses, together with a savings database built from extensive
retrocommissioning evaluation experience, to calculate the energy savings (electricity as well as
natural gas) that would result from respondent’s self-reported O&M practices.
We adjusted each respondent’s savings based on the rated influence (one on a 0-to-10 scale) of
BOC training on participant activities. We divided each influence rating by 10 to generate an
influence percentage of 0% to 100%, and then multiplied each of the calculated savings for each
equipment type by the appropriate influence percentage.

21

2014 Northwest Commercial Building Stock Assessment: Final Report. Prepared by Navigant Consulting for the
Northwest Energy Efficiency Alliance, December 16, 2014.

22

The baseline is based on CBSA data, which is the product of a representative sample of buildings. Therefore, by
definition, the CBSA-based consumption represents “standard” (or average) building operations practices.
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We identified outliers based on calculated therm and kWh savings percentages. In total, we
excluded one respondent as an outlier for both kWh and therm savings.

5.2.

Results

Table 16 shows the estimated input assumptions for Washington/Oregon and Idaho/Montana.
The estimated electricity savings for Idaho/Montana are similar to those for Washington/Oregon,
but the estimated natural gas savings is about twice as great for the former than the latter.
The gas savings figure may slightly over-estimate the actual savings. Recall that while all of the
respondents who were included in the savings analysis said they had responsibility for boilers,
six of the other 18 reported no boiler responsibilities. Boilers accounted for 80% of total therm
savings, so the 18 who were not included in the savings analysis may, on average, generate lower
therm savings for their buildings, and including them in the analysis likely might have reduced
the overall mean therm savings.
We estimated what the overall mean savings might have been had those 18 respondents been
included in the analysis, assuming essentially the same level of O&M rigor as the other
respondents and adjusting for a difference in mean facility sizes. Our analysis resulted in an
estimated mean total therm savings of 14.08%, and mean BOC-influenced therm savings of
7.73%, compared to the initial analyses of 14.73% and 8.01%, respectively.
Given that the above analysis did not decrease the mean savings percentage by very much, and
we cannot verify the assumption of comparability of O&M rigor, we recommend using the
estimated input assumptions as initially calculated, but that they be considered a “ceiling”
estimate.
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Table 16: BOC-E ACE Model Estimated Key Input Assumptions for Washington/Oregon and Idaho/Montana
Input Assumptions
Washington / Oregon1
Var.
No.3

Prior to
MPER #1
(Regional)

Variable: Definition

Idaho / Montana2

BOCInfluenced

Total4

BOCInfluenced

Total

KWH SAVINGS

1a

kWh/ft^2/year: Electric consumption per square foot.

16.7

15.5

11.1

2a

% savings: Percentage of savings for participating buildings.

2.50%5

4.27%

2.03%

6.27%

2.29%

3a

kWh-saved/ft^2/year: Consumption * % of savings.

0.418

0.662

0.315

0.710

0.254

5a

kWh/operator: Calculated savings per operator.

119,405

286,299

136,272

62,419

22,349

THERM SAVINGS

1b

Therms/ft^2/year: Gas consumption per square foot.

n/a

0.40

0.34

2b

% savings: Percentage of savings for participating buildings.

n/a

6.16%

3.58%

14.73%

8.01%

3b

Therms-saved/ft^2/year: Consumption * % of savings.

n/a

0.025

0.014

0.050

0.027

5b

Therms/operator: Calculated savings per operator.

n/a

10,691

6,218

4,384

2,384

OTHER INPUTS

4

ft^2/operator: Researched square footage per operator.6

6

Number of operators: Number of building operators.
7

286,000

432,768

87,931

5,856

15,864

4,271

1,263

1,140

303

6a

BOC operators: Number of currently active BOC operators.

8

Years: Retirement rate.

5

No change

9

Dollars: Any additional costs associated with having a
certified building operator.

$1,129.29

No change

1 Based mainly on MPER #1 results. However, we updated the estimated number of operators (Variable 6) for MPER #3. See separate footnote for Variable
6.
2 Based on MPER #3 results.
Notes continued next page.
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4 Total savings represent the combined savings of all reported O&M activities. BOC-influenced savings are the savings after applying the percentage
influence of BOC training. Total minus BOC-influenced savings represent savings from efficiency actions that would have occurred in this population
without BOC training.
5 The 2.5% figure is a NEEA planning assumption based on a Northwest Power and Conservation Council estimate of electricity savings achievable through
building operations. There was no similar source for gas savings.
6 We updated the estimated number of Washington and Oregon operators for MPER #3, as documented in our Memorandum: Characterization of Idaho
and Montana Building Operator Market (op. cit.).
7 “Active” operators are those whose certifications are still in effect or have not been expired more than five years.
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6. Conclusions and Recommendations
This evaluation assessed progress toward Initiative goals; used information from a survey of
BOC operators and secondary research to update information on the BOC market, including
Idaho and Montana; assessed the revised BOC-E logic model; and estimated BOC per-operator
energy savings percentages specifically for Idaho and Montana. It included a survey of 70 O&M
workers located in Idaho and Montana. The survey provided data on awareness of and attitudes
toward BOC training; it also generated data on energy savings for those states. In addition to
documenting progress toward the initiative’s goals, the research activities for this MPER
produced several important findings and conclusions.

Conclusions
BOC-E is progressing toward several of its goals, but it may face challenges in meeting the
goals related to certification and renewal rates and utility leveraging of or support for
BOC. The Inititiave has met the goal for four Market Progress Indicators (MPIs): NEEC is a
U.S. General Services Administration (GSA) approved training provider; the International Union
of Operating Engineers (IUOE) is a BOC Approved Provider; NEEA and NEEC staff have
completed a Utility Engagement Plan; and NEEC has satisfied a key requirement to operate in
alignment with International Organization for Standardization (ISO) 17024 standards, which
places it in good position to meet the later goal of becoming accredited under the 17024
standard. The Initiative also is on track to meet the goal for four MPIs related to expanded
penetration in targeted groups (underserved areas, IOUE members, Federal sector employees,
and Idaho/Montana operators). The Initiative does not appear to be on track for achieving an
85% certification rate or 70% renewal rate; the latter may not have been a realistic goal, and the
evaluation was unable to benchmark renewal rates for comparable certifications. With five
utilities currently offering a total of six programs that leverage or support BOC, the Initiative
may face challenges reaching the goal of ten programs.
The number of active BOC certificants has continued to grow over the past several years,
but the rate of growth has remained level during the expansion initiative. The percentage
increase in the number of active participants from one year to the next fluctuates, but it has
averaged 5% since 2004. The renewal rate affects the year-to-year number of active BOC
operators, and that rate was lower in 2014 than the average rate from 2010 through 2013,
suggesting one possible reason for lack of growth in the rate of active operators. 23 Another
possible reason is that the number of new certificants outside of initiative-targeted groups has
fallen sharply. As a result, two-thirds of recent certificants are in initiative-targeted groups. This
raises the question of whether there has been a decrease in the productivity of recruitment
outside of those groups specifically targeted by the Initiative.

23

The evaluators had access to renewal data for 2010 through 2014 for Washington and Oregon certificants, but
only for 2014 for Idaho and Montana certificants. In 2014, the renewal rate was considerably lower for IdahoMontana certificants than for Washington and Oregon certificants.
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Market penetration is about 12%. With new and updated data, we have revised the estimate of
the market size upward to 20,135 operators. With about 2,400 currently employed BOC
operators, market penetration is about 12%, with similar levels in Idaho/Montana and
Washington/Oregon.
Survey findings expand on previous evidence that Idaho/Montana operators and their
employers value BOC certification and that utility subsidies are important, showing that
large employers differ from others. Operators reported at least as much employer support for
BOC certification and maintenance of certification as Washington/Oregon operators previously
reported, although employers with a large number of O&M employees appear less likely to pay
their employees’ BOC tuition costs. Most operators reported that BOC certification resulted in
improved work performance and increased responsibility or authority (but not increased pay),
and a high percentage had recommended training to others. Respondents indicated high
awareness of utility subsidies for BOC tuition and said they would be more likely to send
additional staff to BOC training if a utility subsidized 50% to 75% of the tuition cost. A 75%
tuition subsidy may have a greater impact on organizations with a large O&M staff, which
otherwise appear less likely to pay for BOC tuition.
Operators transfer knowledge from BOC training to their coworkers, but perhaps less so
than their employers think. Forty-six percent of the surveyed operators reported they transfer
their knowledge to others, while 82% of building and business owners surveyed in 2014 reported
that their BOC-certified operators did so.
For building operators in Idaho and Montana, BOC savings comprise approximately 2.3%
of electricity use and about 8% of fossil fuel use. The electricity savings figure is just slightly
above what we previously reported for Washington and Oregon operators. The fossil fuel savings
figure is more than twice the savings level we reported for Washington and Oregon but may be a
slight over-estimate.

Recommendations
BOC should expand efforts to increase employer support of BOC certification and renewal,
particularly among employers with large O&M staffs, which are less likely than other employers
to pay employees’ BOC tuition costs. Such efforts might incorporate messaging that credentialed
operators likely transfer their knowledge gained through BOC training to a lesser extent than the
employers believe, and therefore increasing the number of BOC-credentialed operators on their
staff may have greater benefits than they realize.
NEEA and NEEC should attempt to identify reasons why recruitment outside the
initiative-targeted groups has fallen. Things to consider are whether marketing and outreach
efforts outside of initiative-targeted groups are not as effective as they were prior to initiative
launch or whether there has been a change in the scheduling and availability of training that has
made it more difficult to access for operators outside of non-targeted groups.
NEEA should review whether increased participation by IBOA members (MPI II) should
continue to be an initiative goal, given that market penetration appears to be about the
same in Idaho-Montana as in Washington-Oregon. Focusing resources on increasing
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participation in Idaho-Montana may come at the expense of recruitment in the more populous
Washington-Oregon subregion.
NEEA and NEEC should review their efforts to engage with regional utilities to ensure they
are using the most effective messages get them to leverage or support BOC in their energy
efficiency programs. For example, they may consider including the argument that BOC-trained
operators may be more likely to participate in utilities’ retrofit incentive programs, thereby
generating additional utility energy savings. 24
For Washington and Oregon, NEEA should continue to use the ACE Model input
assumptions that we recommended in MPER #1, but should consider using different values
for Idaho and Montana. In particular, for Idaho and Montana NEEA should consider using
2.29% as the per-operator electricity savings percentage and 8.01% as the per-operator fossil fuel
savings percentage.

24

Recent research by Research Into Action found that many utilities subsidize BOC training not to claim direct
energy savings based on those subsidies, but to encourage energy efficiency in general and to drive participation
in retrofit programs. In that same research, interviewed BOC-credentialed operators reported that their BOC
training made them more aware of utility incentive programs. (Navigant Consulting, Inc. and Research Into
Action, Inc., 2015).
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Appendix A.

Logic Model Memo

Memorandum
To:

Amy Webb, NEEA Evaluation Project Manager

From: Ryan Bliss, Managing Director, Research Into Action, Inc.
Date: March 13, 2015; Finalized May 6, 2015
Re:

Review of Revised BOC-E Program Logic Model and MPIs

This memo provides a review of the revised program logic model for the Building Operator
Certification Expansion (BOC-E) Initiative. For MPERs #1 and #2 for this initiative, we
reviewed two versions of the program logic model (versions 9 and 11), assumptions tables, and
supporting documentation 25 and presented our findings to NEEA in memoranda dated April 18,
2013 26 and October 25, 2013. 27 In our memorandum for MPER #2, we reported that all of
NEEA’s responses to the recommendations we made in MPER #1 were appropriate and had
improved the logic model.
Although we had no further recommendations regarding the logic model, NEEA staff made some
revisions to the model after our second review. For this third review, we have examined the
revised graphic BOC Expansion Logic Model and tables, version 13 (received from NEEA on
March 3, 2015). The goal of this review was to identify any changes to the logic model and to
assess whether any aspects of the revised BOC-E logic model need further clarification.

A.1. Brief Description of the Initiative and the Logic Model
From 1997 to 2003, NEEA funded the Building Operator Certification Program (BOC), which
educates, trains, and certifies facility operators to perform energy-efficient operations and
maintenance. NEEA’s original funding for BOC saw the initiative to maturity, achieving market

25

The “Strategy Approval Milestone Document,” dated March 2, 2012.
(https://intranet.neea.org/sites/initiatives/boce/ BOCE%20Documents/BOCE_SA_Doc_SA%20Milestone%20Document_BOC2.docx)

26

Included as Appendix B to the report, BOC-Expansion Initiative Market Progress Evaluation Report #1,
prepared for the Northwest Energy Efficiency Alliance by Research Into Action, August 21, 2013 and finalized
April 24, 2014. Available at: http://neea.org/docs/default-source/reports/boc-expansion-initiative-marketprogress-evaluation.pdf?sfvrsn=6.

27

Included as Appendix A to the report, BOC-Expansion Initiative Market Progress Evaluation Report #2,
prepared for the Northwest Energy Efficiency Alliance by Research Into Action, July 18, 2014 and finalized
February 18, 2015. Available at: http://neea.org/docs/default-source/reports/neea-boc-e-mper-2final.pdf?sfvrsn=8.
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awareness of 39% among building operator supervisors, with awareness expected to reach 50%
by 2003.
In 2012, NEEA aimed to accelerate adoption of BOC and increase market penetration of
commercial-building operators who are BOC certified in the Northwest. This new effort, titled
BOC Expansion (BOC-E), seeks to address the following six market barriers:
7. Lack of time to complete course
8. Ability to pay tuition and travel expenses
9. Lack of regular BOC course offerings in underserved markets 28
10. Lack of awareness (of the BOC credential among members of the International Union of
Operating Engineers, IUOE)
11. Lack of compliance with ANSI 17024 Standard for certification of personnel
12. Lack of awareness of value of the BOC credential (about renewal and among utilities)
The program logic model describes the activities, outputs, and outcomes the implementation
team (the team) will employ to address each of the above barriers and contribute to meeting
program goals.

A.2. Review of BOC-E Logic Model
Our review of the revised logic model (version 13) identified the following minor issues:
〉

For MPI I, slight wording difference between the MPI table (“BOC is a FBPTA-Aligned
training & certification program [for] GSA”) and graphic (“BOC is a GSA-Aligned
training & certification program”).

〉

The MPI table does not specifically identify MPI II or III as “short term,” while the
graphic does.

〉

The MPI table identifies MPI VIII as “long term” but the graphic identifies it as “medium
term.”

In addition, NEEC staff noted in a comment on the MPI table in the draft of MPER #2 that MPI
II should be revised. The current MPI is “10% increase in IBOA certificants over 2012 baseline
by Dec. 31, 2015,” and the outcome is “Increase participation by IBOA members.” NEEC staff
noted that these should refer to “Idaho and Montana operators” rather than “IBOA members,” as

28

“Underserved markets or communities” are defined as markets that BOC serves on an infrequent basis (i.e. once
every three to seven years), and generally only with the active engagement of a utility sponsor or larger
employer.
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the focus is on increasing certification in Idaho and Montana, but not all Idaho and Montana
certificants are IBOA members.
Beyond the above relatively minor concerns, in the course of reviewing progress toward
initiative goals for MPER #2, Research Into Action staff noted that the definition of MPI XI was
not sufficiently clear. For this MPI, the intended (long-term) outcome is “Region's utilities
support/leverage BOC in their EE programs.” The MPI is defined as “At least ten region utilities
leverage/support BOC in their EE programs.” The NEEA initiative manager further clarified the
definition as:
“A NW utility integrates or incorporates either a recommendation or requirement for BOC
(completion or certification) in order to participate in a particular utility EE program. 29

The initiative manager identified the types of utility energy efficiency programs that might
recommend or require BOC certification. Examples included Energy Trust of Oregon’s Strategic
Energy Management (SEM) program and Puget Sound Energy’s Resource Conservation
Manager (RCM) program. 30 Other examples might include retro-commissioning programs.
Staff from the Northwest Energy Efficiency Council (NEEC) provide NEEA with a “utility
support matrix,” updated at least once a year, identifying the types of support that each regional
utility provides to BOC. The matrix includes a line-item labeled “EE program,” which identifies
five utilities that NEEC believes provide the type of support that satisfies NEEA’s definition, as
shown above; however, the matrix did not provide details regarding the programs that the
identified utilities offer that satisfy the NEEA definition.
On February 27, 2015, Research Into Action staff initiated an email exchange with NEEA to
clarify the criteria for counting a utility program as satisfying the NEEA definition of MPI XI
and the process for verifying NEEC’s identification of such programs. On March 24, 2015, staff
from NEEA, NEEC, and Research Into Action met to clarify those issues. The attendees agreed
that NEEC would incorporate additional detail in the utility support matrix to describe utility
programs that NEEC believes satisfy the definition of MPI XI; further, NEEC would forward to
the evaluation contractor any documentation (including any exchanges with utility staff) that
support its decision to count a program as satisfying the definition. On April 3, NEEC staff
notified Research Into Action that they had updated the utility support matrix to include
comment fields describing the programs they believe satisfy the definition of MPI XI, but at the
time of the preparation of this memorandum, NEEC had not provided independent
documentation of those descriptions.
Based on the above discussion, we believe that NEEA staff should revise the “MPIs” tab of the
logic model tables (“BOC 2 Logic Model Assumption Tables_v_13-Draft”) to more clearly
define MPI XI, in particular, the criteria for determining whether a utility leverages/supports
BOC in its energy efficiency programs. Specifically, based on the decisions from the March 24

29

By email, September 15, 2014. Further refined through comments on earlier versions of this memorandum.

30

Email dated September 12, 2014.
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meeting, the text in cell C13 (“Market Progress Indicator” for MPI XI) should include something
like the following:
A utility is counted as “leveraging or supporting” BOC in its EE programs if the utility
meets either of the following criteria:
3. BOC is, in and of itself, an energy efficiency program for the utility – i.e., the
utility includes BOC on a list of its commercial energy programs, provides an
incentive directly to course attendees or to the training implementer to reduce the
cost of training, and claims savings based on the number or amount of incentives
given.
4. The utility requires or recommends BOC certification for participation in another
utility program, such as an SEM, RCM, or RCx program.
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Appendix B.

BOC Database Review Memo

Memorandum
To:

Amy Webb, Project Manager, Northwest Energy Efficiency Alliance (NEEA)

From: Ryan Bliss, Research Into Action
Date: March 9, 2015; Finalized May 1, 2015
Re:

2014 BOC Program Database Analysis

In 2012, NEEA established BOC Expansion (BOC-E) Initiative to accelerate adoption of BOC
and increase its market penetration in the Northwest. The initiative helps build market demand
for BOC and increase awareness and penetration of BOC among operators of underserved
areas 31, Federal employees, and members of the International Union of Operating Engineers
(IUOE). Although BOC-E targets the above specific groups, the NEEA’s support for BOC is not
limited to those groups.
This memo documents Research Into Action’s analysis of the Northwest Energy Efficiency
Council (NEEC) Building Operator Certification (BOC) program database as of 2014, which
now includes information on BOC certifications from the Intermountain Building Operators
Association (IBOA). The primary goal of this analysis was to describe the 2014 new BOC
certificants and update the count of active BOC certificants – those whose certifications are still
in effect or have not been expired more than five years – in the four Pacific Northwest states as
of January 20, 2015. Certificants classified as active are all individuals who have received or
renewed the BOC credential since 2009. These are individuals for whom NEEA counts energy
savings for 2014.

B.1. Methods
In July 2013, the Intermountain Building Operators Association (IBOA) became a BOC licensed
provider, and NEEC began to integrate information on BOC certifications from IBOA into the
NEEC database. In 2014, Research Into Action integrated NEEC’s most recent dataset, including
data it had received from IBOA, with a dataset of IBOA certificants that Research Into Action
compiled from NEEA tracking records, updated with 2012 class lists from IBOA. Research Into
Action reviewed the combined dataset to remove duplicate entries and ensure that all entries had

31

“Underserved markets or communities” are defined as markets that BOC serves on an infrequent basis (i.e. once
every three to seven years), and generally only with the active engagement of a utility sponsor or larger
employer.
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the most up-to-date information. As documented in the 2013 BOC Program Database, 32 the
dataset that Research Into Action had compiled from NEEA tracking records and class lists
included 350 IBOA certificants who were not in NEEC’s dataset. We provided our results to
NEEC to enable that organization to update its records. Going forward, there should be no more
need to integrate data sets.
The final combined dataset comprised records of 2,366 individuals employed in NEEA territory
that had received certification from 1996 through 2013. Research Into Action used this combined
dataset, which resides on the NEEA Sharepoint site, to produce counts of BOC certificants for
MPER #2.
On January 20, 2015, NEEC provided Research Into Action with a dataset that contained 237
records of individuals that had received or renewed certification in 2014 through NEEC and
IBOA and worked in Oregon, Washington, Idaho, or Montana. Of those:
〉

213 were new 2014 Level 1 certificants that had not previously received any other BOC
certifications. Of those, three also received Level 2 certification in 2014.

〉

24 received their Level 2 certification in 2014 (and had received their Level 1
certification before 2014). Note that receiving new Level 2 certification also renews the
Level 1 certification (unless the Level 1 certification had already lapsed).

We added records for the 213 new 2014 certificants to the existing combined dataset on the
NEEA SharePoint site and updated existing information on the 24 continuing certificants. The
updated combined dataset comprised records of 2,579 individuals employed in NEEA territory
that had received certification since 1996.
Each record in the NEEC database includes information about the certificant and his/her
employer as well as the years of certification and expiration of BOC Level 1 and Level 2
certifications. As maintaining certification requires annual renewal, the year of “expiration of
certification” is the year following the last year of renewal or the year of certification if the
certificant did not renew certification. 33
A total of 508 individuals had both BOC Level 1 and Level 2 certification, with different
certification and expiration years for the two levels. For each individual, we assigned a single
“first year certified” as the earlier year in which the individual received Level 1 or Level 2
certification; and we assigned a single “last year certified” as the last year in which that

32

33

BOC-E Initiative Market Progress Evaluation Report #2, prepared by Research Into Action, Inc., for the
Northwest Energy Efficiency Alliance, February 28, 2015, Appendix B. http://neea.org/docs/defaultsource/reports/neea-boc-e-mper-2-final.pdf?sfvrsn=8
Note that certificants that do not renew certification in a given year may renew in a later year if they complete
all the continuing education requirements for the missed years. BOC considers those individuals to have
maintained certification continuously. However, if in a given year a certificant did not renew in the previous year,
BOC considers the certification to have expired in the previous year.
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individual was certified at either level – i.e., the year before the first year in which both levels
were expired. Table 17 provides an example to illustrate this.
Table 17: Example Computation of First Year Certified and Last Year Certified
Level

Certified

Expired

Level 1

2001

2005

Level 2

2003

2007

First Year Cert.

Last Year Cert.

2001

2006

Note: The last year certified is the year before the latest expiration date.

To update the count of active BOC certificants from 2013, we calculated: 1) the number of new
BOC certificants – those certified for the first time in 2014; 2) the number of prior certificants
for whom, starting in 2014, NEEA no longer counts savings (“savings-retired certificants”) –
those whose certification had been expired more than five years (the assumed measure life of the
certification) 34; 3) the number of certificants who retired from work or died before their savings
retired; and 4) the number of certificants who were unemployed in 2014. Additional details are in
2014 Count of Active Certificants, below.
In updating the counts of certificants, we incorporated a change in the BOC database that has
affected the pre-2014 year-by-year counts new, savings-retired, and active certificants. After we
produced the certificant counts for MPER #2, Research Into Action and NEEC staff noted that
IBOA’s method for setting the expiration date of each student’s certification differed from
NEEC’s method. Specifically, NEEC sets the expiration year to be the second year following the
certification year, which ensures at least a full year of certification for students who certify late
in a given year. However, IBOA had set the expiration date of each student’s certification to be
the first year after the certification date.
When NEEC integrated IBOA records into its database, NEEC reset the expiration years for the
IBOA records to make them consistent with other records. Research Into Action’s year-by-year
counts of certificants for MPER #2 did not reflect this change, but our new counts for this MPER
do reflect the change. As a result, our year-by-year counts of active operators for the years prior
to 2014 are somewhat different from those we reported in MPER #2. For example, for MPER #2,
we counted 1,420 total active BOC certificants as of 2013. Recalculating this number with the
revised expiration dates for IBOA certificants changed this count to 1,451 – a net increase of 31
active certificants in 2013.

B.2. BOC Expansion Attributes
The 2014 BOC database includes information relevant to the BOC expansion (BOC-E) efforts,
specifically membership in one of three BOC-E special classes or in one of four other groups that

34

For details on the justification for this assumption, see BOC-E Initiative Market Progress Evaluation Report #2,
op. cit.
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the Initiative has targeted. The three special classes are: Large Employer – that is, classes formed
through the Initiative’s outreach to large employers; Underserved – that is, classes held in
previously underserved areas; and Online – that is, classes that incorporate online modules. The
other four groups are: certificants that received training from the International Union of
Operating Engineers (IUOE); returning veterans who served in Afghanistan or Iraq (2001 to
2012); federal employees; and the unemployed. For the purpose of brevity, this memo refers to
membership in the three special classes and the other four groups as BOC-E “attributes.”
As of 2014, a total of 401 individuals fit into one or more of the above special classes or groups.
Of those individuals, 366 received BOC certification for the first time in 2012 through 2014
(“new certificants”) and 35 had received BOC certification prior to 2013 (typically Level 1) but
received an additional certification through BOC-E (typically Level 2) between 2012 and 2014
(“continuing certificants”). Some certificants are both “new” and “continuing” as they received a
Level 1 certification in 2012 or 2013 and Level 2 in 2014 – therefore they were counted as
“new” for the Level 1 certification and as “continuing” for Level 2. Table 18 shows counts for
various attributes of BOC-E certificants.
When NEEA launched the BOC-E initiative, it targeted veterans and unemployed trainees.
Currently, BOC-E does not target these two groups but still tracks them in the BOC database
(Table 19).

B.3. 2014 Count of Active Certificants
In 2014, we identified 213 individuals that received certification (167 through BOC-E) for the
first time, 215 certificants whose savings had retired, and six individuals who left the workforce
before their savings had retired. In all, BOC has certified 2,560 individuals in the Pacific
Northwest since 1996, of whom 1,443 can currently be counted as active certificants.
Table 20 shows the year-by-year counts from 1996 through 2014. Each row shows, for a
particular year, the number of new certificants, the number of prior certificants whose savings
have retired (“savings-retired certificants”), and the cumulative number of active certificants.
The latter number is equal to the number of continuing certificants from the previous year plus
the number of new certificants, minus the number of savings-retired certificants.
In 2014, we identified 17 individuals who reported work retirement or were deceased before
their savings would have retired and eight who were unemployed, for a total of 25 individuals
who should not be counted as active certificants as of 2013. However, the information in the
BOC database did not enable us to identify the year of death, work retirement, or unemployment,
so we could not subtract them from any given year’s cumulative total. We could only subtract
them from the 2013 cumulative total. (See the table row labeled “Retired/deceased/unemployed
pre 2014.”)
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Table 18: BOC Expansion Special Class Type (Multiple Selections Allowed; n = 392)
Continuing BOC-E Certificants
Receiving Additional
Certification2

1

New BOC-E Certificants
Attribute Type

All BOC-E Certificants

2012

2013

2014

Total

2012

2013

2014

Total

2012

2013

2014

Total

Large Employer

38

72

96

206

0

19

4

23

38

91

100

229

Underserved

25

46

70

141

0

10

0

10

25

56

70

151

0

12

95

107

0

0

0

0

0

12

95

107

Any Special Class

62

103

166

331

0

28

4

32

62

131

170

363

IUOE is Education Provider

0

10

1

11

0

0

0

0

0

10

1

11

Veteran (2001-2012)

3

4

5

12

0

2

0

2

3

6

5

14

Federal Employee

1

2

12

15

0

1

0

1

1

3

12

16

Unemployed

24

1

0

25

0

3

0

3

24

4

0

28

Any, Not Special Class4

28

17

17

62

0

5

0

5

28

22

17

67

Any BOC-E Attribute5

87

112

167

366

0

31

4

35

87

143

171

401

Online Class
3

1 These are individuals who received their initial BOC certification between 2012 and 2014.
2 These are individuals who: a) received their initial BOC certification before 2012 and then received a second certification between 2012 and 2014; or b)
received their initial BOC certification in 2012 and then received a second certification in 2013 or 2014. Since BOC-E began in 2012, there are no
continuing BOC-E certificants in that year.
3 Large employer, underserved, and/or online class. An individual may be in more than one of these three groups.
4 Includes IUOE as education provider, veteran (2001-2002), federal employee, and unemployed.
5 Includes large employer, underserved, online class, IUOE as education provider, veteran (2001-2002), federal employee, and unemployed. Some
respondents were in more than one of these groups; therefore, this count is not the sum of the various other counts.
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Table 19: Other Tracked Associations (Multiple Selections Allowed; n = 111)
Pre2012

2012

Returning Veteran (pre-2001)

2

21

21

21

65

IUOE Other Than as Education Provider

10

16

9

18

53

Either of the above

12

35

29

35

111

Association

2013

2014
Total

Table 20: Market Status of Active Certified Building Operators
Annual New1

Annual Retired, Left
Workforce Early, or
Unemployed2

BOC

BOC-E4

BOC

BOC-E

Cumulative
Total
Active3

1996

8

0

0

0

8

1997

1

0

0

0

9

1998

61

0

0

0

70

1999

141

1

0

0

212

2000

152

0

0

0

364

2001

103

0

0

0

467

2002

201

0

0

0

668

2003

165

0

0

0

833

2004

93

0

6

0

920

2005

146

0

88

0

978

2006

101

0

103

0

976

2007

103

1

75

0

1,005

2008

204

1

106

0

1,104

2009

124

0

112

0

1,116

2010

178

2

86

0

1,210

2011

164

17

128

0

1,263

2012

123

92

87

0

1,391

2013

54

111

79

0

1,477

Left workforce pre 2014.5

--

--

18

8

--

2,122

225

888

8

1,451

46

167

215

0

1,449

--

--

5

1

--

2,168

392

1,108

9

1,443

Year

Subtotal in 2013
2014
Left workforce in 2014
Total in 2014

6
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Notes to Table 20, previous page:
1

New = certified in that year.

2

Retired = certification expired more than five years. Left Workforce Early = retired from employment or
deceased before savings would have retired.

3

Cumulative Total Active (present year) = Total Active (previous year) + Annual New - Annual Retired,
Left Work Force Early, or Unemployed.

4

This column records the year of each student’s initial BOC certification; 22 students first certified before
the BOC-E Initiative began in 2012, and then achieved a second certification through BOC-E between
2012 and 2014.

5

Eighteen individuals had left the workforce before their savings would have retired because of work
retirement or death and eight were unemployed as of 2013.

6

Five individuals left the workforce before their savings would have retired, and one new person was
unemployed, in 2014.

The combined 2014 BOC dataset shows the same 17 individuals who left the workforce early
and eight unemployed ones, plus five additional individuals who left the workforce before their
savings retired and one additional unemployed individual. Although the dataset still does not
record the date that these individuals left the workplace, we could infer that their status changed
in 2014 since they were not shown as work retired, deceased, or unemployed in the 2013
combined dataset. Therefore, we included those six individuals in the counts of “Annual Retired,
Left Workforce Early, or Unemployed” for 2014. (See the table row labeled “Retired/deceased/
unemployed in 2014.”)
Table 21 shows the year-by-year counts of new, retired, and total active certificants by the state
the certificant reported working in.
Finally, Table 22 shows the year-by-year counts of new, retired, and total active certificants
grouped into likely NEEC certificants or IBOA certificants. The dataset does not provide
comprehensive information on training provider, so we assumed that all certificants that work in
Oregon or Washington received certification through NEEC and those that work in Idaho or
Montana received IBOA certification.
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Table 21: Market Status of Active Certified Building Operators, by State – All Columns and Rows Defined as in Table 4
Annual New
Year

Annual Retired

Cumulative Total Active

OR

WA

ID

MT

OR

WA

ID

MT

OR

WA

ID

MT

1996

0

0

8

0

0

0

0

0

0

0

8

0

1997

0

1

0

0

0

0

0

0

0

1

8

0

1998

0

49

12

0

0

0

0

0

0

50

20

0

1999

45

78

14

5

0

0

0

0

45

128

34

5

2000

53

76

22

1

0

0

0

0

98

204

56

6

2001

38

58

0

7

0

0

0

0

136

262

56

13

2002

33

123

30

15

0

0

0

0

169

385

86

28

2003

12

93

47

13

0

0

0

0

181

478

133

41

2004

21

38

2

32

0

0

6

0

202

516

129

73

2005

30

88

16

12

20

61

6

1

212

543

139

84

2006

16

64

8

13

36

44

23

0

192

563

124

97

2007

28

61

8

7

23

49

1

2

197

575

131

102

2008

21

121

21

42

19

68

14

5

199

628

138

139

2009

18

67

24

15

19

54

31

8

198

641

131

146

2010

15

96

4

65

16

40

13

17

197

697

122

194

2011

52

101

10

18

26

69

15

18

223

729

117

194

2012

69

112

0

34

20

51

7

9

272

790

110

219

2013

42

103

9

11

21

49

4

5

293

844

115

225

2

21

2

1

Left workforce pre 2014
Subtotal in 2013

493

1329

235

290

202

506

122

66

291

823

113

224

2014

34

132

23

24

28

109

31

47

297

846

105

201

1

2

2

1

231

617

155

114

296

844

103

200

Left workforce in 2014
Total in 2014

527

1461
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Table 22: Market Status of Active Certified Building Operators, by NEEC and IBOA Certificants –
All Columns and Rows Defined as in Tables 4 and 5
New
Year

Cumulative
Total Active

Retired

NEEC

IBOA

NEEC

IBOA

NEEC

IBOA

1996

0

8

0

0

0

8

1997

1

0

0

0

1

8

1998

49

12

0

0

50

20

1999

123

19

0

0

173

39

2000

129

23

0

0

302

62

2001

96

7

0

0

398

69

2002

156

45

0

0

554

114

2003

105

60

0

0

659

174

2004

59

34

0

6

718

202

2005

118

28

81

7

755

223

2006

80

21

80

23

755

221

2007

89

15

72

3

772

233

2008

142

63

87

19

827

277

2009

85

39

73

39

839

277

2010

111

69

56

30

894

316

2011

153

28

95

33

952

311

2012

181

34

71

16

1062

329

2013

145

20

70

9

1137

340

0

0

23

3

0

0

Subtotal in 2013

1822

525

708

188

1114

337

2014

166

47

137

78

1143

306

1

0

0

0

1

8

1988

572

848

269

1140

303

Left workforce pre 2013

Left workforce in 2014
Total in 2014
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Appendix C.

Market Characterization Memo

Memorandum
To:

Amy Webb, Project Manager

From: Ryan Bliss, Research Into Action
Date: March 30, 2015; Finalized April 15, 2015
Re:

Characterization of Idaho and Montana Building Operator Market

This memorandum documents findings from research activities that Research Into Action carried
out from February through March, 2015, to update information on the building operator market
in the Northwest Energy Efficiency Alliance (NEEA) region, particularly in Idaho and Montana.
Research Into Action conducted this research to inform Market Progress Evaluation Report
(MPER) # 3 for NEEA’s Building Operator Certification Expansion (BOC-E) Initiative.
Prior to 2014, BOC-E did not cover Idaho and Montana, and so the market characterization for
MPER #1 did not cover those states. For MPER #2, we extended the market characterization to
include Idaho and Montana as NEEA had made those states part of the initiative. As part of that
effort, we estimated the size of the building operator market (the number of building operators)
in Idaho and Montana as well as in Washington and Oregon.
For this memorandum, we have updated the previous market size and penetration estimates for
the four states based on new data. As explained below, our method for estimating the number of
building operators in the market includes estimating the mean building area per building operator
in buildings of at least 50,000 square feet and then dividing that figure into the total area of
buildings of that size in a given state. Previously, our estimate of mean building area per operator
came from surveys of building operators employed largely in Washington and Oregon. For
MPER #3, we have added data from a survey of BOC operators in Idaho and Montana.
In addition, our previous estimates of the total building area in the large (at least 50,000 square
feet) building tier came from the 2009 Commercial Building Stock Assessment (CBSA), which
was then the most up-to-date data source on the building stock in the Pacific Northwest. For
MPER #3, NEEA staff provided data collected in 2014 for the new edition of CBSA. 35
For this memorandum, we conducted the following additional research activities:

35

2014 Commercial Building Stock Assessment: Final Report. Prepared for the Northwest Energy Efficiency
Alliance by Navigant Consulting, December 16, 2014.
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〉

We reviewed registration data from NEEC and IBOA to examine whether BOC course
availability relative to the market size differs for Washington/Oregon and
Idaho/Montana.

〉

We used the 2014 CBSA data to update the secondary research we conducted for MPER
#2.

C.1. Online Survey of Idaho and Montana Building Operators
For MPER #3, we conducted an online survey of building operators located in Montana and
Idaho, using the same methodology as in MPER #1. The BOC database showed 572 evercertified building operators in Idaho and Montana who were not identified as deceased or retired
from work. We sent an initial email survey invitation to the 408 of those 572 building operators
(71%) for which the BOC database listed valid email addresses. We sent up to three reminders to
non-responders over a three-week period. We received notification that 136 of those 408 initial
email invitations (33%) were undeliverable.
To increase the sample, we made calls to an additional 104 building operators for whom the
database listed a phone number. We reached 12 of those operators and asked for their email
address and a soft commitment to complete the survey. Of those, ten provided their email
address and two refused. With the additional ten who provided email addresses, we sent the
survey invitation to a total of 418 operators.
Of the 92 operators we were unable to reach by phone, in 36 cases coworkers reported that they
were no longer employed at the company (32), were retired (2), or were deceased (2); in the
other 56 cases, 13 of the phone numbers were wrong or non-working numbers and we were
unable to reach 43 despite repeated attempts and voice messages.
Between the email and phone attempts, we made contact attempts with 512 operators, 86% of
those listed in the database. A total of 72 certified operators started the survey. This represents
14% of all those we attempted to reach, 17% of the 418 to whom we sent survey invitations, and
26% of those not returned as undeliverable. Of the 72 who started the survey, two indicated that
they did not have any O&M-related work responsibilities. We removed those two cases from the
survey data, leaving a final sample of 70.
To determine whether the survey results represent the population of Idaho and Montana BOC
operators, we compared those who completed or partially completed the survey (“respondents”)
with the entire population on employer type, work state, number of years since initial
certification, and number of years certified. We could not reliably compare respondents with the
BOC population on building size as that information is missing for 86% of the operators in the
BOC database.
Figure 10 shows that survey respondents were very much like the population in terms of
employer type. In addition, nearly identical percentages of operators from Montana and Idaho
responded to the survey (12% and 11%, respectively).
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Percent of Group
(Respondents / Non-Respondents)

Figure 10: Comparison of Survey Respondents with Non-Respondents on Employer Type

39% 39%
20% 21%

Government

K-12 School

16%

19%

Healthcare

Survey Respondents (n = 70)

9%

17% 16%
6%

College/University

Other

Population (n = 244)

Respondents differed from the overall population in terms of how long ago they obtained
certification and how long they maintained their certification (Figure 11). It is not surprising that
operators who obtained certification more recently were more likely to respond to the survey
than those who certified longer ago. Given that they certified more recently, it is also not
surprising that they have not been certified for as long, on average, as the population in general.

Percent of Group
(Respondents / Non-Respondents)

Figure 11: Comparison of Survey Respondents with Non-Respondents on When and How Long Certified

71%
60%
47%
37%

Certified in Past Five Years
Survey Respondents (n = 70)

Certified for at Least Five Years
Population (n = 596)

These differences between respondents and the population on recency or tenure of certification
could be important if they are related to workplace size or the number of building operators at
the workplace – the inputs to our method for estimating the market size in the large (50,000
square feet and above) building tier. Among survey respondents in the large building tier, we
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found greater recency and shorter tenure of certification to be related to fewer operators and a
greater workplace size (Table 23).
Table 23: Relationship of Number of Operators and Workplace Area to Recency and Tenure of Certification
Amond Respondents Reporting Buildings At Least 50,000 Square Feet
Mean Number of Operators

Mean Workplace Area

HOW LONG AGO CERTIFIED

≤ Five Years

7.0

646,609

> Five Years

12.3

356,341

HOW LONG MAINTAINED CERTIFICATION

< Five Years

6.7

680,090

≥ Five Years

12.0

354,897

As explained below, we already knew from CBSA that the mean building square footage is
greater for survey respondents than for the population as a whole. Because of that difference, we
weighted survey responses to adjust for the difference between the sample and the population in
the distribution of building size.

C.2. Revised Market Size and BOC Penetration Estimates
For MPER #1, we estimated the number of building operators in NEEA territory to be about
10,020 and calculated BOC penetration to be about 20% of the market. For MPER #2, we
revised our method for estimating the number of building operators based on feedback from
NEEA staff and updated the inputs we used for the estimate. Based on those revisions, we
estimated the number of building operators in NEEA territory to be 12,544 and BOC penetration
to be about 18% of the market. We also provided estimates of the building operator population
and penetration estimates separately for Montana and Idaho versus Washington and Oregon. For
this memorandum, we have updated the estimates of the building operator populations and the
penetration rates with additional new data, as described below.

Review of Method for Estimating Operator Population for MPER #1
For MPER #1, we based our estimate of the regional building operator population on three
assumptions:
〉

36

About 75% of the square footage of applicable buildings 36 of at least 100,000 square feet
has in-house operators.

As explained in the previous memo, we excluded groceries and restaurants, as they typically use service
providers to manage energy-using equipment.
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〉

About 5% of applicable buildings of at least 5,000 square feet but less than 100,000
square feet have one in-house operator. (In other words, the number of in-house operators
in the below-100,000-square-feet tier is equal to 5% of the number of buildings in that
tier.)

〉

About 0% of buildings smaller than 5,000 square feet have an in-house operator.

We document the reasons for the above assumptions in MPER #1.37 Those reasons included
several converging lines of evidence that well fewer than 10% of buildings smaller than 100,000
square feet have operators.
We estimated the number of operators in the large (at least 100,000 square feet) tier in the
following way. We first used data on building size and number of operators from our survey of
BOC-certified operators to calculate the mean number of building square feet per operator, and
then divided that figure into the total regional building area for applicable buildings of 100,000
square feet or larger, as identified in the 2009 CBSA. Since the surveyed BOC operators reported
working in larger buildings, on average, than those in the general commercial building
population, we used the CBSA data to weight the survey responses by size, as explained in
MPER #1.
Our analyses resulted in a mean of 72,935 square feet per operator in the large tier. The 2009
CBSA reported a total of somewhat more than 740 million square feet of building space in that
tier. 38 Dividing that total by the mean square footage per operator gave an estimate of 7,609
operators in that tier. From the 2009 CBSA data, we also estimated that there are approximately
48,217 buildings in the smaller tier 39; multiplied by 5%, this yielded an estimate of 2,411
operators in that tier. Thus, we estimated a population of 10,020 operators overall.

37

BOC-Expansion Initiative Market Progress Evaluation Report #1 (Report #E14-277). Prepared by Research
Into Action, Inc. for Northwest Energy Efficiency Alliance, April 24, 2014. Available at:
http://neea.org/docs/default-source/reports/boc-expansion-initiative-market-progress-evaluation.pdf?sfvrsn=4.
See Appendix D, pp. D-2 to D-7.

38

The 2009 CBSA did not provide estimates of number of buildings in each size tier. However, for MPER #1 and
MPER #2, we calculated estimates from data on the total floor area by building type and the percentage of floor
space of each building type by size tier. For each tier, we divided the total floor space for each tier by the
presumed mean value for that size tier. The presumed mean values were not the midpoint, nor were they the
same for each tier; rather, we chose a different value for each tier to approximate the skewed distribution of
building size across all tiers. From this method, we estimated there are about 3,300 buildings of at least 100,000
square feet in the region. In practice, the results were relatively insensitive to the presumed mean value of each
tier.

39

This estimate comes from the method described in the previous footnote. The total area for that tier (excluding
restaurants and grocery stores) was 1,196,300,000 square feet.
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Review of Revised and Updated Method for Estimating Operator Population for
MPER #2
For MPER #2, we slightly updated our method for estimating operator population. The overall
approach was the same as we used in MPER #1, with the exception that we redefined the large
tier as buildings of at least 50,000 square feet (rather than at least 100,000 square feet) and the
small tier as those from 5,000 to 49,999 square feet. 40 Since the small tier now excluded
buildings 50,000 to 99,999 square feet, we also reduced the assumed percentage of buildings in
this size range with in-house operators to 3%.
We also updated the inputs by incorporating additional data from a survey of non-certified
building operators we conducted for MPER #2. We used this additional data, combined with the
data from the 2013 survey of BOC-certified operators, to recalculate the mean square footage per
building operator. Using the expanded combined sample of building operators produced a new
mean of 57,280 square feet per operator. Dividing that into the total market square footage for
the redefined large tier (and multiplying by 75% as in MPER #1) produced an estimate of 13,973
operators in that tier. Using the redefined small tier produced an estimate of 1,283 operators in
that tier, for a total of 15,256 operators in the region – a 50% increase over the MPER #1
estimate.
Much of the increase in the estimated market size came from an increase in the estimated number
of operators in buildings of 50,000 to 99,999 square feet. We concluded that either the revised
method overestimated the number of operators in that size tier or the percentage of small-tier
buildings with building operators is closer to 10% than to 5%. We proposed a compromise
method by which we cut in half the increase in the estimated number of operators in the 50,000
to 99,999 square feet tier. This produced a revised estimate of 12,544 operators in the region.

2015 Estimates of Operator Populations and Penetration Rates
For 2015, we used the same approach to estimate the operator population as for MPER #2. We
divided the estimated mean square feet of building space per operator in buildings of at least
50,000 square feet into the total estimated building square footage for that tier and multiplied the
product by 75%. We assumed that 3% of the buildings greater than 5,000 and less thant 50,000
square feet have one operator each. We calculated separate estimates for the two subregions –
Idaho/Montana and Washington/Oregon – using inputs specific to each subregion.
We used data from the 2014 CBSA to update our calculations of the total building square footage
in the large tier and the total number of buildings in the small tier for the two subregions. 41 As

40

Based on discussions with NEEA staff, we concluded that the 100,000-square-foot cutoff for defining the large
building tier, used in MPER #1, possibly under-estimated the number of operators in buildings from 50,000 to
100,000 square feet, as it is likely that most of those buildings are at least 50,000 square feet and those buildings
likely have more than one operator, on average.

41

The 2014 CBSA does not show building counts and square footage by state and end-use. NEEA staff used data
from by the U.S. Bureau of Labor Statistics to allocate CBSA estimates of regional building counts and square
Continued…
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detailed below, using the new CBSA data considerably increased our estimates of the operator
population. The 2014 CBSA reports about 45% more total large-tier building space (about 1.6
billion square feet, compared to 1.1 billion) than did the 2009 CBSA. In addition, the 2014
CBSA’s estimate of the total regional number of small-tier buildings (85,989) is about twice the
number (42,772) we previously estimated using 2009 CBSA data. 42
We calculated the mean square feet per operator for Idaho/Montana from our new survey of
Montana and Idaho building operators. As before, we applied weights to the individual cases to
adjust for the fact that the distribution of workplace sizes in the survey sample differed from that
in the population. We collected data specifically from 70 operators located in Montana and
Idaho. Of those operators, 63 reported both building square footage and the number of operations
and maintenance (O&M) staff that currently work at their workplace.
We used the 2014 CBSA data to create new data weights to update our estimate of the mean
square feet per operator for Washington/Oregon from our previously collected survey data from
records from MPER #1 and MPER #2 operator surveys. Each record in the combined data set of
314 certified (n = 212) and non-certified operators (n = 102) provided workplace square footage
and number of O&M staff employed for a single, unique workplace.
Calculation of Mean Building Square Footage per Operator
For each record in each dataset (Washington/Oregon and Idaho/Montana), we calculated the
building square footage per building operator employed. In our research for MPER #1, we found
that survey respondents tended to inflate the reported counts of building operations staff by
including some staff that were not responsible for operations or maintenance of energy-using
equipment – our definition of building operator. 43 We found that the more staff a respondent
reported, the higher was the percentage that did not meet our definition of building operator. To
reduce the survey burden in subsequent surveys, we did not ask for the titles of O&M staff, as we
did for MPER #1, but asked only for the total number of staff. We then used ratios calculated
from the MPER #1 survey data to adjust the reported count of building operations staff for each
respondent in the subsequent surveys. 44

footage among the four states for all end-uses except hospitals and universities. We allocated the regional
counts and totals for those end-uses based on each state’s share across all end-uses.
42

The 2009 CBSA data used in MPER #2 did not provide information on number of buildings by size tier, so we
estimated the number of buildings by dividing the total floor space in the tier by an estimated mean size for that
size tier. Assuming a skewed overall distribution of building sizes, we selected 20,000 square feet, somewhat
below the tier’s midpoint, as the estimated mean. Clearly, the distribution of building sizes is more skewed than
we had anticipated, as the 2014 CBSA data show that the mean building size in the small tier is closer to 7,000
square feet.

43

The survey for MPER #1 asked respondents how many O&M staff were employed at their workplace and asked
them to identify the titles of all O&M staff and the number of staff with each title. Many reported types of staff
that did not meet our definition of building operator, such as painters and janitorial and grounds staff.

44

For those reporting only one O&M staff, 100% were building operators by our defnition; for those reporting
two to five staff, 86% were building operators; for those reporting six to 20 staff, 71% were building operators;
Continued…
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For each dataset, we then calculated the number of square feet per operator for each record and
then eliminated any outliers using the same approach used in MPER#1. 45 In calculating the mean
square feet per operator in each dataset, we applied weights to the individual responses to adjust
for the fact that the distribution of reported workplace sizes in the survey dataset differed from
the distribution in the population (Table 24).
Table 24: Weights to Adjust for Sample-Population Differences in the Distribution of Workplace Size
Washington/ Oregon

Idaho/ Montana

Percent of
Population
(2014 CBSA)*

Percent of
Sample

Weight

Percent of
Sample

Weight

50,001 to 500,000

99%

55%

1.81

79%

1.26

Over 500,000

1%

45%

0.02

21%

0.04

100%

100%

n/a

100%

n/a

Workplace Size
(Square Feet)

Total

* The population distribution was approximately the same for both Washington/Oregon and Idaho/Montana.

Applying the above weights to the samples produced a new Washington/Oregon mean of 77,721
square feet per operator in the large tier – somewhat higher than the estimate for MPER #1. The
mean for Idaho/Montana – 30,374 square feet per operator – was considerably lower.
Calculation of Operator Population Estimates
Dividing the above mean square footage per operator values into the total large-tier square
footage in each subregion – about 1.426 billion square feet in Washington/Oregon and about 154
million square feet in Idaho/Montana, and multiplying the product by 75% (the assumed
percentage of building space with in-house operators) produced estimates of 13,759 and 3,799
operators, respectively, in the large tier.
The 2014 CBSA showed 85,898 buildings in the small (5,001 to 50,000 SF) tier – 70,168 in
Washington/Oregon and 15,730 in Idaho/Montana. Assuming 3% of those buildings have one
building operator produces estimates of 2,105 and 472 operators, respectively, in that tier.
Table 25 shows the revised estimated size of the regional building operator market resulting from
the above methods.

for those reporting 21 to 50, 53% were operators, and for those reporting more than 50, 40% were building
operators.
45

For each record, we identified a respondent as an outlier if that respondent’s square footage per operator was at
least 2.5 standard deviations different from the mean square footage per operator for all respondents who
reported both building square footage and number of operators.
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Table 25: Estimated Size of Regional Building Operator Market

Number of Operators
Size Tier
(Square Feet)
Large (> 50,000)

Small
(5,001 to 50,000)

How Number of Operators in Tier is
Calculated

Region

Washington
/ Oregon

Idaho /
Montana

Total area of buildings in tier…

1,579 B

1.426 B

154 M

…divided by square feet per operator* times
75%

17,558

13,759

3,799

Number buildings in tier…

85,898

70,168

15,730

…times three percent

2,577

2,105

472

20,135

15,864

4,271

Total

* The square feet per operator was 77,721 for Washington/Oregon and 30,374 for Idaho/Montana.

2015 Estimates of BOC Market Penetration Rate
Together, NEEC and IBOA have certified 2,563 BOC operators through 2014 – 1,988 in
Washington and Oregon and 575 in Idaho and Montana. 46 In MPER #1, we reported that the
BOC database identifies about 1% of the operators as either retired from the workforce or
deceased, and we estimated that as many as 5% of operators may be retired, deceased, or no
longer doing building operations work. Applying the midpoint of 3% to the 1,988 in Washington
and Oregon yields an estimate of 1,928 certified operators still in the workforce.
The high percentage of unreachable Idaho and Montana operators in our 2015 online survey (see
Online Survey of Idaho and Montana Building Operators, above) suggests that the BOC
database may undercount the Idaho and Montana operators that have left the workforce. 47 In
total, we could not reach 180 operators, 35% of all we tried to reach, because the email
invitations were undeliverable; a coworker reported they were retired, deceased, or no longer at
the company; or we left multiple unreturned voice messages in general company voice mails
(i.e., voice mails that did not identify the target operator by name). By contrast, none of the email
invitations to our Oregon/Washington survey for MPER #1 came back undeliverable.
It is possible that many of those we were not able to reach have simply moved to another
company; however, it is also possible that some part of those we could reach have exited the
workforce. We therefore calculated penetration estimates for Idaho/Montana under three
assumptions about the percentage of certified operators that are no longer in the workforce: 1) a

46

2014 BOC Program Database. Memorandum prepared for the Northwest Energy Efficiency Alliance by
Research Into Action, February 28, 2014.

47

As described in our earlier memorandum on the BOC database (ibid.), IBOA had maintained records on all
Montana and Idaho certificants up to 2013, when NEEC began to integrate information from IBOA into the
NEEC database. Therefore, NEEC may not have had time to update the status of all IBOA students since the
transition.
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“low” assumption that is the same percentage assumed for Washington/Oregon (3%); 2) a “high”
assumption of 17%, which is about half of the “unreachable” percentage of Idaho and Montana
operators; and 3) a “middle” assumption of 10%, midway between the low and high assumptions
for Idaho and Montana.
Table 26 shows the resulting estimated penetration rates: from 10% to 13% for Idaho/Montana;
and about 12% for Washington/Oregon and the region as a whole. The Washington/Oregon
estimates are roughly three-quarters the rate reported in MPER #2 and the regional estimates are
about two-thirds of those from MPER #2. The differences from MPER #2 are owing largely to
the increase in the operator population estimates resulting from the increased total building area
in the large tier.
Table 26: Estimated Penetration Rates: Washington/Oregon, Idaho/Montana, and Region
Assumed Percentage of Operators that have Left the Workforce
3%

10%

17%

n/a

n/a

558

502

417

Estimated operator population

4,271

4,271

4,271

Estimated penetration

13.1%

11.8%

9.8%

WASHINGTON/OREGON

BOC certified, in workforce

1,928

Estimated operator population

15,864

Estimated penetration

12.2%
IDAHO/MONTANA

BOC certified, in workforce

REGION

BOC certified, in workforce

2,486

2,430

2,34

Estimated operator population

20,135

20,135

20,135

Estimated penetration

12.3%

12.1%

11.6%

The penetration rate for Idaho/Montana is much lower than what we estimated in MPER #2
(from 32% to 47%) and is in line with that for Washington/Oregon, particularly under the
“midpoint” assumption that 10% of the Idaho/Montana operators in the BOC database have left
the workforce. These new, lower estimated penetration rates are more consistent than were the
previous estimates with the fact that several market informants we interviewed for MPER #2
reported low general awareness of BOC in Idaho and Montana.
Whether or not the BOC database overcounts the number of Idaho/Montana operators is an open
question, which likely will be resolved in the next year or two when NEEC updates the
information in the database.
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C.3. Course Capacity Relative to Operator Population
We reviewed registration data provided by NEEC and IBOA on BOC courses offered in 2013
and 2014 to assess the course capacity relative to the size of the non-certified operator population
and whether there are differences between Washington/Oregon and Idaho/Montana. Table 27
shows that there are about 13% more non-certified operators (the target for training registration)
per course offered in Washington/Oregon than in Idaho/Montana. However, the
Washington/Oregon courses had more registrants, on average, than did the Idaho/Montana ones.
Because of the greater registration numbers per course, Washington/Oregon courses reach a
greater share of the targeted population than do Idaho/Montana courses.
Table 27: BOC Level I Courses Offered Between 2013 and 2015, by State
Year

Washington and Oregon

Idaho and Montana

NUMBER OF COURSES

2013

12

3

2014

14

5

26

8

536

473

Total
1

Non-certified operators per course offered

NUMBER OF REGISTRANTS

2013

206

42

2014

264

51

470

93

3.4%

2.5%

Total
1

Percentage of non-certified operators

MEAN CLASS SIZE

2013

17

14

2014

19

10

Total

18

12

1

We calculated the number of non-certified operators in each subregion as the estimated total operator
population for that subregion (13,935 for Washington/Oregon and 3,713 to 3,855 for Idaho/Montana) minus
the estimated number of BOC certified operators currently in the workforce in that subregion. Since we
estimated the number of BOC operators currently in the Idaho and Montana workforce as a range of values,
we used the midpoint of that range for this table.

Without a separate metric for course demand, it is not possible from the above data to determine
the degree to which course offerings and registration meet demand. Our survey of Washington
and Oregon non-BOC operators for MPER #2 provides some data that we may use to provide a
rough estimate of the maximum likely level of demand. That study found that 72% of
respondents said they would be likely to take BOC training if their company gave them paid time
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off to take the training and paid all of the costs. 48 Most of those (60% of the total) said that they
would be likely to take BOC training only in those circumstances, while a few (12% of the total)
said they would be likely to take BOC training even if their employer did not pay their salary and
expenses.
The same study found that 27% of building owners and managers that did not have BOC
operators said it was likely they would pay the training and certification fees for someone to take
BOC training.
Assuming that the percentage of operators who would take BOC training only if their employers
paid their salary and expenses is independent of the percentage of employers who would pay the
expenses – that is, that workers are equally likely to take BOC training if they work for a
company that is likely to pay for BOC training and certification or if they work for a company
that is not likely to pay – then the product of those two percentages (16%) represents the
percentage of non-BOC operators who would be likely to take BOC training if their company
paid for it and who work for a company that is likely to pay for it.
Adding the percentage who said they were likely to take the training even without employer
financial support (12%) yields a sum of 28% of operators who are likely to take BOC training. 49
Initiative staff should take several factors into consideration in interpreting the above. First,
operators who are not aware of BOC training are not likely to take the training unless they are
made aware of it. Our survey of non-BOC operators found that 23% of operators had not heard
of BOC or did not know what it was. Thus, at any given time, the actual percentage of operators
who are likely to take BOC training is probably more like 22% (28% x 77%).
Various other factors might prevent someone from taking available training in any given year,
even given a high level of interest. Therefore, the “demand” for training in any given year is
likely less than 22%. However, we cannot with present data estimate how much less. Moreover,
we caution that the 22% figure may not apply to Idaho and Montana operators.

C.4. Secondary Research
As part of MPER #2, we reviewed secondary sources to determine the distribution of building
square footage by end-use and government ownership for Washington/Oregon and
Idaho/Montana. Our analysis of the 2009 CBSA data suggested that the distribution of building
stock across end-uses is similar in Idaho/Montana and Washington/Oregon, with the exception
that K-12 schools and colleges represented a higher proportion of the total building stock in
Idaho/Montana than in Washington/Oregon. However, other secondary data (described below)

48

Respondents rated their likelihood of taking BOC training on a scale from 1 (not at all likely) to 5 (very likely).
Here we define “likely” as a response of 4 or 5.

49

However, if the percentage of workers that would take BOC differed based on the actual likelihood that a
company would pay for the training and certification, multiplying the two percentages would not provide a
good estimate of the percentage who would likely take the training.
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suggested that the 2009 CBSA undercounted education-related building space in Oregon.
Additionally, data from the U.S. General Services Administration (GSA) suggested that the
amount of federally owned property was greater across the region than the 2009 CBSA indicates.
For 2015, we used 2014 CBSA data to update the distribution of building square footage by enduse and used updated data from the GSA to estimate the amount of federal-government-owned
square footage in the region.
We used data from the 2014 CBSA to compare the distributions of building square footage
across end-use types, separately for Idaho and Montana and for Washington and Oregon. Total
commercial buildings in Idaho and Montana comprised approximately 527 million square feet
(MSF) of space, compared to 2.8 billion square feet in Washington and Oregon.
For most end-uses, the proportions of square footage for various building end-uses in Idaho and
Montana were similar to those in Washington and Oregon. However, the combined
“retail/service” end-use occupied a greater share of building space in Idaho and Montana than in
Washington and Oregon (Figure 12).
Figure 12: Proportion of Building Square Footage, by End-Use and Region

Percentage of Floor Space

100%

75%

50%

25%

10%11%

23%
16%

19%22%
2% 2% 3% 3% 5% 5%

3% 4% 2% 1%

5% 8% 4% 4%

12%13% 12%10%

0%

Idaho and Montana

Oregon and Washington

In MPER #2 we reported evidence that the 2009 CBSA estimates may have been undercounting
square footage associated with colleges and universities. Specifically, 2009 CBSA data showed
Oregon colleges and universities comprised 6.2 MSF, which was considerably lower than the
25.8 MSF estimated by the Oregon University System in 2012. 50 The 2014 CBSA appears to

50

The Oregon University System consists of Portland State University, Western Oregon University, Oregon State
University, University of Oregon, Oregon State University Cascades, Eastern Oregon University, Southern
Oregon University, and Oregon Institute of Technology.
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have addressed the discrepancy: it shows that colleges and universities in Oregon comprise 36.5
MSF and universities make up the same percentage (4%) of total building square footage in
Washington/Oregon and Idaho/Montana.
Additionally, in MPER #2 we noted inconsistencies between the total square footage of federalgovernment-owned-buildings in the 2009 CBSA compared to data obtained from the 2009
Federal Real Property Statistics (FRPS). The latter showed more than twice as much federally
owned property in Washington/Oregon (93.3 MSF compared to 38.2 MSF) and nearly eight
times as much in Idaho/Montana (34 MSF compared to 4.5 MSF).
The 2014 CBSA data did not show the total square footage of federal-government-ownedbuildings, so we could not determine whether the current CBSA correctly counts that property.
However, the inclusion of additional federally owned property could be one reason that the total
square footage recorded in the 2014 CBSA is so much higher than in the 2009 CBSA.
We were able to obtain updated 2013 FRPS data, which shows about 99.3 MSF of federalgovernment-owned buildings in Washington/Oregon and 31.2 MSF in Idaho/Montana –
comprising about 4% and 6%, respectively, of total building square footage (Table 28). 51 The
federal government also leases another 8.8 MSF in Washington/Oregon and 4.0 MSF in
Idaho/Montana. Overall, the 2013 FRPS data show that the percentage of Idaho/Montana
building square footage that the Federal government owns or leases is almost twice as great (7%)
as the percentage in Washington and Oregon (4%).
Table 28: Square Footage of Federally Owned and Managed Buildings
Oregon / Washington

Idaho / Montana

Percent of
Total Building
Square
Footage
(CBSA)
3.66%

Square
Footage
31,194,896

Percent of
Total
Owned and
Leased
89%

Percent of
Total Building
Square
Footage
(CBSA)
6.20%

Legal
Interest
Owned

Square
Footage
99,320,489

Percent of
Total
Owned and
Leased
92%

Leased

8,834,470

8%

0.33%

4,037,523

11%

0.80%

108,154,959

100%

3.98%

35,232,418

100%

7.00%

Total

C.5. Summary and Conclusions
We updated the estimated market size and penetration rates for Washington/Oregon,
Idaho/Montana, and the region as a whole and used the new 2014 CBSA data to update previous
comparisons of the two sub-regions on the distribution of building end-uses. Key findings are:

51

Source: http://www.gsa.gov/portal/getMediaData?mediaId=195863
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〉

Our estimate of the size of the regional building operator population has increased from
12,923 (in MPER #2) to 20,135 operators. The updated estimates for Washington/Oregon
and Idaho/Montana are 15,864 and 4,271, respectively.

〉

Based on the revised population estimate, we now estimate BOC market penetration to be
about 12% for Washington/Oregon and 10% to 13% for Idaho/Montana (based on the
assumed percentage of certified operators that have left the workforce); overall, we
estimate penetration to be 12% for the region.

〉

Analysis of secondary data suggests that the distribution of building stock across enduses is similar in Idaho/Montana and Washington/Oregon across most end-uses, although
retail and service end-uses represent a higher proportion of the total building stock in
Idaho/Montana than in Washington/Oregon. It does not appear that the 2014 CBSA
undercounts building square footage associated with universities, as it appears that the
2009 CBSA did.
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Appendix D.

ACE Model Review Memo

Memorandum
To:

Amy Webb, Project Manager

From: Ryan Bliss, Research Into Action
Date: April 16, 2015; Finalized May 6, 2015
Re:

ACE Model Review for BOC-E Initiative MPER #3

As part of our activities to evaluate the Northwest Energy Efficiency Association’s (NEEA’s)
Building Operator Certification Expansion (BOC-E) Initiative, Research Into Action has reviewed
key input assumptions of the initiative’s Alliance Cost Effectiveness (ACE) Model. For MPER #1,
we used data from surveyed BOC-trained operators in Washington and Oregon, together with
secondary data to estimate the size of the building operator market, to generate recommended
inputs to the model. 52 In MPER #2, based on a comparison of the MPER #1 survey results with
those from a new survey of non-BOC operators, we confirmed our earlier recommendations. 53
For MPER #3, we have estimated inputs to the ACE Model specifically for Idaho and Montana.
We have estimated these inputs from a 2015 survey of the operations and maintenance (O&M)
practices of building operators in Montana and Idaho with the Building Operator Certification
(BOC) credential (“certified operators”), together with secondary data to estimate the size of the
building operator market. We documented the market size estimate in a separate memorandum to
NEEA. 54
Our estimates from MPER #1 continue to apply to Washington and Oregon, except that we have
updated the estimated size of the Washington/Oregon building operator market. Table 29 shows
the estimated input assumptions for the two subregions. Note that the estimated electricity
savings for Idaho/Montana are similar to those for Washington/Oregon, but the estimated natural
gas savings is about twice as great for the former than the latter.

52

BOC-Expansion Initiative Market Progress Evaluation Report #1, prepared for the Northwest Energy
Efficiency Alliance by Research Into Action, August 21, 2013 and finalized April 24, 2014. Available at:
http://neea.org/docs/default-source/reports/boc-expansion-initiative-market-progress-evaluation.pdf?sfvrsn=6.

53

BOC-Expansion Initiative Market Progress Evaluation Report #2, prepared for the Northwest Energy
Efficiency Alliance by Research Into Action, July 18, 2014 and finalized February 18, 2015. Available at:
http://neea.org/docs/default-source/reports/neea-boc-e-mper-2-final.pdf?sfvrsn=8.

54

Memorandum: Characterization of Idaho and Montana Building Operator Market. Submitted to NEEA on
March 30, 2015, and revised on April 15, 2015. Available at:
https://neeanet.neea.org/sites/programs/boce/Documents/BOC%20E%20MPER%203/BOC%20E%20MPER%2
03%20Market%20Characterization/NEEA%20BOCE%20MPER%203%20Market%20Characterization%20Memo.docx
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Table 29: BOC-E ACE Model Estimated Key Input Assumptions for Washington/Oregon and Idaho/Montana
Input Assumptions
Washington / Oregon1
Var.
No.3

Prior to
MPER #1
(Regional)

Variable: Definition

Idaho / Montana2

BOCInfluenced

Total4

BOCInfluenced

Total

KWH SAVINGS

1a

kWh/ft^2/year: Electric consumption per square foot.

16.7

15.5

11.1

2a

% savings: Percentage of savings for participating buildings.

2.50%5

4.27%

2.03%

6.27%

2.29%

3a

kWh-saved/ft^2/year: Consumption * % of savings.

0.418

0.662

0.315

0.710

0.254

5a

kWh/operator/year: Calculated savings per operator.

119,405

286,299

136,272

62,419

22,349

THERM SAVINGS

1b

Therms/ft^2/year: Gas consumption per square foot.

n/a

0.40

0.34

2b

% savings: Percentage of savings for participating buildings.

n/a

6.28%

3.58%

14.73%

8.01%

3b

Therms-saved/ft^2/year: Consumption * % of savings.

n/a

0.025

0.014

0.050

0.027

5b

Therms/operator/year: Calculated savings per operator.

n/a

10,899

6,218

4,384

2,384

OTHER INPUTS

4

ft^2/operator: Researched square footage per BOC operator.
6

286,000

432,768

87,931

5,856

15,864

4,271

1,140

303

6

Number of operators: Total number of building operators.

6a

BOC operators: Number of currently active BOC operators.7

1,263

8

Years: Retirement rate.

5

No change

9

Dollars: Any additional costs associated with having a
certified building operator.

$1,129.29

No change

1 Based on MPER #1 results, except for number of operators (Variable 6) and BOC operators (Variable 6a), which we updated for MPER #3. See separate
footnote for Variable 6.
2 Based on MPER #3 results.
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Table 29 notes, continued from previous page
3 The variable numbers correspond to the numbering introduced in MPER #1.
4 Total savings represent the combined savings of all reported O&M activities. BOC-influenced savings are the savings after applying the percentage
influence of BOC training. Total minus BOC-influenced savings represent savings from efficiency actions that would have occurred in this population
without BOC training.
5 The 2.5% figure is a NEEA planning assumption based on a Northwest Power and Conservation Council estimate of electricity savings achievable through
building operations. There was no similar source for gas savings.
6 We updated the estimated number of Washington and Oregon operators for MPER #3, as documented in our Memorandum: Characterization of Idaho
and Montana Building Operator Market (op. cit.).
7 “Active” operators are those whose certifications are still in effect or have not been expired more than five years.
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The rest of this memorandum describes the sources and methods we used to generate the
recommended inputs. Where we already have described specific methods in detail elsewhere, we
reference that source and summarize here.

D.1. Sources
The primary source for updating the former ACE Model inputs is a survey of Idaho and Montana
BOC operators we conducted in February of 2015. This was a mixed-mode – online and
telephone – survey of 70 Idaho and Montana BOC certificants to gather information about their
operations and management practices, as well as workplace characteristics and certificants’ own
perceptions and attitudes. For this review of ACE Model input assumptions, we primarily use
data on work practices and workplace characteristics; we report on respondent perceptions and
attitudes elsewhere. The other main source for updating estimates for the ACE model inputs is
the Commercial Building Stock Assessment (CBSA) 55 as described in more detail below.

D.2. Methods and Results
The following subsections describe how the evaluators used the above sources to address the
ACE Model input assumptions and the results we obtained.

Energy Consumption per Square Foot and Energy Savings (Variables 1-3 and 5)
The Research Into Action team evaluated current measure savings assumptions using secondary
research, the evaluation team’s extensive engineering experience with measure-specific data and
program implementation, and survey research with BOC certificants.
Survey of BOC Operators
As described in detail in our market characterization memorandum, 56 we conducted an online
survey of building operators located in Montana and Idaho, using the same methodology as in
MPER #1. We sent an initial email survey invitation and up to three reminders to a total of 418
Idaho and Montana BOC-certified building operators in the BOC database for whom the
database provided an email address and who the database did not identify as having left the
workforce. This represented 70% of the 596 BOC-certified Idaho and Montana operators in the
BOC database. A total of 70 operators completed the survey, 26% of all those with deliverable
emails.
This survey captured detailed data on facility system characteristics and operator activities across
nine energy-using building systems: boilers, chilled-water systems, economizers and ventilation

55

2014 Northwest Commercial Building Stock Assessment: Final Report. Prepared by Navigant Consulting for the
Northwest Energy Efficiency Alliance, December 16, 2014.

56

Memorandum: Characterization of Idaho and Montana Building Operator Market , op. cit.
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control, compressed air, fans and air distribution, domestic water heaters, lighting, pumps, and
motors.
Of the 70 survey respondents, 52 provided details about building characteristics and O&M
practices, allowing us to calculate energy usage and savings values. Table 30 shows that the 18
who did not provide O&M details were similar in most respects to those who provided the details
and were included in the savings analyses. Note, however, that compared to those who were
included in the savings analyses, those who were not included were less likely to report
responsibility for boiler systems, which generate the majority of therm savings, and reported
workplaces with somewhat more than half the floor area. Below, we discuss how we addressed
this.
Table 30: Comparison of Respondents Who Provided O&M Details with Those Who Did Not
Provided O&M Details
(n = 52)

Did Not Provide O&M
Details (n = 18)

Manages O&M staff

62%

78%

Does O&M work

92%

94%

Works in standalone building

31%

33%

Boiler systems

100%

67%

Economizers and ventilation control

96%

94%

Fans & air distribution system

98%

94%

Chilled water system

73%

61%

Domestic water heating

96%

100%

Lighting

96%

94%

Pumps

98%

100%

Compressed air

71%

67%

Motors

98%

100%

Has received non-BOC technical training in past five years

65%

50%

Has recommended BOC training to others

77%

72%

Mean number of years working in O&M

13.8

14.6

474,929

271,807

Responsible for:

Mean facility size (square feet)

Analysis Approach
The engineering team used engineering analyses, together with a savings database built from
extensive retrocommissioning evaluation experience, to calculate the energy savings (kWh and
therms) that would result from respondent’s self-reported O&M practices. The assigned savings
values were percentages of baseline buildingwide energy consumption that the practices would
produce.
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The engineering team then used data on building size, end-use type, and climate zone to estimate
each building’s baseline energy consumption – what it would consume if operators used standard
building operations practices. By applying the building-specific savings percentages to the
baselines, the engineering team was able to calculate the total energy savings (kWh and therms)
for each building. For each fuel type, the summed energy savings across all buildings, divided by
the summed baseline consumption, represented the mean energy savings.
We adjusted each respondent’s savings based on the rated influence of BOC training on
participant activities. Respondents rated the influence of the BOC training on O&M activities
relating to each equipment type for which they were responsibile, using a scale from 0 to 10. We
converted influence ratings into a 0% to 100% influence score (where a rating of 1 indicates 10%
influence, 2 indicates 20% influence, and so forth). We then multiplied each respondent’s
calculated savings for each equipment type by the appropriate influence percentage.
We identified outliers based on calculated therm and kWh savings percentages. Since
respondents reported responsibility for varying numbers of equipment types, we identified
outliers for each equipment type and excluded respondent from fuel-specific savings analyses if
any of the equipment-specific savings values for a fuel type were outliers. In total, we excluded
one respondent from both kWh and therm savings.
We document the above approach in greater detail in MPER #1 and MPER #2.
Results
From the above methods, we calculated that, on average, buildings with BOC operators in the
sample use 6.27% less electricity and 14.73% less natural gas than their buildings would use
under standard building operations practices. Based on the surveyed operators’ ratings of how
much BOC training influenced their O&M practices, we calculated that the BOC training is
responsible for a reduction in the buildings’ electricity consumption by 2.29% and a reduction in
the buildings’ natural gas consumption by 8.01%.
The above gas savings figures may somewhat over-estimate the actual therm savings. While all
of the 52 respondents who provided O&M details practices reported responsibility for boilers, six
of the other 18 said they did not have responsibility for boilers. Boilers accounted for 80% of
total therm savings, so if those 18 respondents had provided O&M data and been included in the
savings analyses, it is likely they would have brought the mean savings level down somewhat.
We attempted to estimate what the overall mean savings might have been had those 18
respondents been included in the analysis. We assumed essentially the same level of O&M rigor
as the other 52 respondents. Thus, assuming comparable facility sizes, 12 of the 18 would have
had the mean therm savings calculated from the other 52 respondents, six of them would have
had 20% of that mean (because they did not get boiler savings), and all would have the mean
baseline consumption of the other 52 respondents. However, the mean facility size for these 18
respondents was 57% of that for the other 52 respondents, so we multiplied the summed savings
and summed baseline by 57%. The above is summarized in the following equations:
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(1)

((mean savings for 52 respondents with O&M data * 12) +
(mean savings for 52 respondents with O&M data * 20% * 6)) * 57%

(2)

mean baseline consumption for 52 respondents with O&M data * 18 * 57%

Adding the estimated additional savings and baseline consumption for the 18 respondents to
those for the other 52 resulted in an estimated mean total therm savings of 14.08%, and mean
BOC-influenced therm savings of 7.73%, compared to the initial analyses of 14.73% and 8.01%,
respectively.
Given that the above exercise makes assumptions about the level of O&M rigor of those who did
not answer the O&M questions and that it did not decrease the mean savings percentage by very
much, we recommend using the estimated input assumptions as initially calculated.

Number of Operators in the Market (Variable 6)
For 2015, we used the same approach to estimate the operator population as for MPER #2. We
divided the estimated mean square feet of building space per operator in buildings of at least
50,000 square feet into the total estimated building square footage for that tier and multiplied the
product by 75%. We assumed that 3% of the buildings greater than 5,000 and less thant 50,000
square feet have one operator each. We calculated separate estimates for the two subregions –
Idaho/Montana and Washington/Oregon – using inputs specific to each subregion.
We used data from the 2014 CBSA to update our calculations of the total buiding square footage
in the large tier and the total number of buildings in the small tier for the two subregions. 57
We calculated the mean square feet per operator for Idaho/Montana from our survey of Montana
and Idaho building operators. As before, we applied weights to the individual cases to adjust for
the fact that the distribution of workplace sizes in the survey sample differed from that in the
population. Of the 73 survey respondents, 63 reported both building square footage and the
number of O&M staff that currently work at their workplace.
We used the 2014 CBSA data to create new data weights to update our estimate of the mean
square feet per operator for Washington/Oregon from our previously collected survey data from
records from MPER #1 and MPER #2 operator surveys. Each record in the combined data set of
314 certified (n = 212) and non-certified operators (n = 102) provided workplace square footage
and number of O&M staff employed for a single, unique workplace.
For each record in each dataset (Washington/Oregon and Idaho/Montana), we calculated the
building square footage per building operator employed. For each dataset, we then calculated the
number of square feet per operator for each record and eliminated any outliers using the same

57

The 2014 CBSA does not show building counts and square footage by state and end-use. NEEA staff used data
from by the U.S. Bureau of Labor Statistics to allocate CBSA estimates of regional building counts and square
footage among the four states for all end-uses except hospitals and universities. We allocated the regional
counts and totals for those end-uses based on each state’s share across all end-uses.
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approach used in MPER#1. In calculating the mean square feet per operator in each dataset, we
applied weights to the individual responses to adjust for the fact that the distribution of reported
workplace sizes in the survey dataset differed from the distribution in the population (Table 31).
Table 31: Weights to Adjust for Sample-Population Differences in the Distribution of Workplace Size
Washington/ Oregon

Idaho/ Montana

Percent of
Population
(2014 CBSA)*

Percent of
Sample

Weight

Percent of
Sample

Weight

50,001 to 500,000

99%

55%

1.81

79%

1.26

Over 500,000

1%

45%

0.02

21%

0.04

100%

100%

n/a

100%

n/a

Workplace Size
(Square Feet)

Total

* The population distribution was approximately the same for both Washington/Oregon and Idaho/Montana.

Applying the above weights to the samples produced means of 77,721 square feet per operator in
the large tier for Washington/Oregon and 30,374 square feet per operator for Idaho/Montana.
Dividing the above mean square footage per operator values into the total large-tier square
footage in each subregion – about 1.426 billion square feet in Washington/Oregon and about 154
million square feet in Idaho/Montana, and multiplying the product by 75% (the assumed
percentage of building space with in-house operators) produced estimates of 13,759 and 3,799
operators, respectively, in the large tier.
The 2014 CBSA showed 85,898 buildings in the small (5,001 to 50,000 SF) tier – 70,168 in
Washington/Oregon and 15,730 in Idaho/Montana. Assuming 3% of those buildings have one
building operator produces estimates of 2,105 and 472 operators, respectively, in that tier.
Table 32 shows the revised estimated size of the regional building operator market resulting from
the above methods. We document our methods in greater detail in our market characterization
memorandum. 58

58

Memorandum: Characterization of Idaho and Montana Building Operator Market. Op. cit.

ACE Model Review Memo | Page F-8

BOC-Expansion Initiative Market Progress Evaluation Report
Table 32: Estimated Size of Regional Building Operator Market, Using Combined Certified and Noncertified Operator Dataset

Number of Operators
Size Tier
(Square Feet)
Large (> 50,000)

Small
(5,001 to 50,000)

How Number of Operators in Tier is
Calculated

Region

Washington
/ Oregon

Idaho /
Montana

Total area of buildings in tier…

1,579 B

1.426 B

154 M

…divided by square feet per operator (77,721)
times 75%

17,558

13,759

3,799

Number buildings in tier…

85,898

70,168

15,730

…times three percent

2,577

2,105

472

20,135

15,862

4,271

Total

Mean Square Feet per BOC Operator (Variable 4)
We also used data from the BOC certificant survey to estimate mean square feet of facility area
per active BOC-credentialed operator in Montana and Idaho. As when calculating the mean
square footage for all operators, each unique facility in the survey sample represented a single
data point.
Calculating the mean square feet of facility area per BOC-credentialed operator was more
straightforward than calculating the comparable figure for all operators. The surveyed operators
reported the number of BOC-credentialed operators employed at their workplace. For each
respondent that reported both facility size and the number of BOC operators (n = 58), we
calculated the square feet per BOC operator.
We then calculated the simple, unweighted mean of those 58 records. We did not consider it
necessary to apply data weights in this case because we are extrapolating the sample results to
the population of BOC operators and the survey sample was representative of the population on
key parameters, as documented in our market characterization memorandum. 59
The above methods produced a mean of 87,931 square feet per BOC operator in Idaho and
Montana.

Retirement Rate (Variable 8)
For MPER #1, to assess the reasonableness of the five-year measure life for BOC savings, we
examined the correlation between kWh and therm savings, on one hand, and length of time since
certification and since last year of certification. None of the correlations was statistically

59

Memorandum: Characterization of Idaho and Montana Building Operator Market. Op. cit.
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significant, which indicates no evidence of a reduction in the amount of savings over time. Based
on that finding, we recommended maintaining the retirement criterion (BOC “measure life”) at a
minimum of five years from the year that certification expires.
We repeated the correlation analyses with the new savings data for Idaho and Montana operators.
Again, we found no statistically significant correlations. Therefore, we continue to recommend
maintaining the retirement criterion (BOC “measure life”) at a minimum of five years from the
year that certification expires.

Additional Costs Associated with Certification (Variable 9)
For MPER #1, implementation staff provided documentation of the cost assumptions. Based on
our review of that documentation, we determined the costs were reasonable and did not
recommend any changes. We found no reason to review the cost assumptions for the current
MPER.
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Appendix E.

BOC Certificant Survey Instrument

Thank you for agreeing to take this survey! Please read each question carefully and select the
response that best represents your experience. If you are not sure about any answer, please
provide your best guess - that is much better than having no information!
In multiple choice questions, please try to choose one of the options we have provided. However,
we realize that often the responses we provided are not sufficient, so we have included “other”
options where you can provide a brief explanation if you wish.

E.1. Screening
First, we have just a few questions about your role in your company or organization’s building
operations and maintenance, or O&M, and about your workplace in general.
By O&M, we are referring to operating, maintaining, or repairing HVAC, life safety, electrical,
or plumbing systems, or performing general building maintenance to optimize equipment
performance and maintain the building’s operability.
[ASK ALL A1-A5]
A1.

Which of the following best describes your responsibilities?
()
I am in charge of or manage other employees who perform building operations
and maintenance services and I also perform building operations and maintenance
myself
()
I am in charge of or manage other employees who perform building operations
and maintenance services but I do not perform building operations and
maintenance myself
()
I am not the only employee who performs building operations and maintenance
services but I am not in charge of other building operations and maintenance
employees
()
I am the only employee who performs building operations and maintenance
services for my employer
()
I am not involved in managing or performing building operations and
maintenance SKIP TO TERMINATION SECTION

A2.

Which of the following describe your job or are included in your job title? (Please check
all that apply.)
[]
Property or facility director, manager, or supervisor
[]
Custodial Manager or Supervisor
[]
Other manager, team leader, supervisor position
[]
Custodian/Custodial staff
[]
Engineer
[]
Electrician or other mechanical/technical staff
[]
General contractor
[]
Other – please specify: ____________________
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A3.

About how many years have you been employed in building operations and maintenance?
()
Less than one year in the O&M field
()
Number of years (please enter only a numeral)___________

A4.

Which of the following best describes your workplace?
()
I work mainly in a single standalone building
()
I work mainly in a single building that is part of a campus or complex of buildings
in a central location
()
I work in more than one building in a complex of buildings in a central location
()
I work in multiple buildings that are in separate locations
()
Other environment ____________________
()
I’m not sure

A5.

Does your business or organization provide operations and maintenance services to other
businesses and buildings?
()
Yes
()
No

[ASK A6 AND A7 IF A1 <> 4]
A6.

About how many operations and maintenance staff work at your workplace, other than
yourself? That would include any employees who are responsible for the operations and
maintenance of energy-using equipment. YOUR BEST GUESS IS FINE
()
___________ (please enter only a numeral)

A7.

And how many of those [PIPE IN A6 RESPONSE] have the Building Operator Certification
(BOC) credential? YOUR BEST GUESS IS FINE
()
All of them
()
Not all – number of O&M staff that are BOC certified___________ (please enter
only a numeral)

[ASK A8 IF A1=4 (SOLE O&M EMPLOYEE)]
A8.

In the following table, for each equipment type, please tell us whether or not your
responsibilities include that equipment type. By responsibility, we mean either operating
or maintaining that equipment.
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Equipment or System Type

System Q No.

Do you have
responsibility for this
equipment type?

1

Boiler system

() Yes () No

3

Economizers & ventilation controls

() Yes () No

5

Fans & air distribution system

() Yes () No

2

Chilled water system

() Yes () No

6

Domestic water heating

() Yes () No

7

Lighting

() Yes () No

8

Pumps

() Yes () No

9

Motors

() Yes () No

4

Compressed air system

() Yes () No

[ASK A9 IF A1<>4 (NOT SOLE O&M EMPLOYEE)]
A9.

We would like to understand how the building operations staff is organized at your
workplace. Again, that would include any employees who are responsible for the
operations and maintenance of energy-using equipment. In the following table, for each
equipment or system type, please tell us:
a. how many operators in your work place other than yourself have responsibility for
that equipment, and
b. of those operators other than yourself with responsibility for that equipment, how
many have the BOC credential and
c. how many report to you, if any.
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System
Q No.
Equipment or System Type

Item asked IF
“YES” was
selected in
A8…

How many O&M
staff, besides
yourself, have
responsibility?

How many
(besides
yourself)
have BOC
credential?

How many
report to
you, if any?

1

Boiler system

IF A8.1 = 1

[Numeric]

[Numeric]

[Numeric]

3

Economizers & ventilation
controls

IF A8.2 = 1

[Numeric]

[Numeric]

[Numeric]

5

Fans & air distribution system

IF A8.3 = 1

[Numeric]

[Numeric]

[Numeric]

2

Chilled water system

IF A8.4 = 1

[Numeric]

[Numeric]

[Numeric]

6

Domestic water heating

IF A8.5 = 1

[Numeric]

[Numeric]

[Numeric]

7

Lighting

IF A8.6 = 1

[Numeric]

[Numeric]

[Numeric]

8

Pumps

IF A8.7 = 1

[Numeric]

[Numeric]

[Numeric]

9

Motors

IF A8.8 = 1

[Numeric]

[Numeric]

[Numeric]

4

Compressed air system

IF A8.9 = 1

[Numeric]

[Numeric]

[Numeric]

E.2. Training & Certification
[ASK ALL B1]
B1.

In the past five years, have you received other technical training or certification(s) related
to building operations and maintenance that was not provided by BOC?
()
Yes
()
No
()
DK

[ASK Error! Reference source not found. IF B1 = 1 (YES)]
B2.

Please select which non-BOC operations, maintenance, or facilities professional
organizations provided training for you. (SELECT ALL THAT APPLY.)
()
International Facilities Management Association (IFMA)
()
International Association of Lighting Management Companies (NALMCO)
()
National Association of Power Engineers
()
BOMI International
()
Green Building Initiative
()
BOMA
()
Association for Facilities Engineering
()
ASHRAE
()
American Trainco
()
Association of Energy Engineers (AEE)
()
Other training organization/certificate – specify: _____________

[ASK B2_1 IF B1, 1 IS SELECTED]
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B2_1 Did you receive “Certified Facility Manager” training from International Facilities
Management Association?
()
()

Yes
No

[ASK B2_1 IF B1, 2 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() Certified Apprentice Lighting Technician (CALT)
() Certified Senior Lighting Technician (CSLT)
() Certified Lighting Management Consultant (CLMC)
() Certified Sustainable Lighting Consultant (CSLC)
[ASK B2_1 IF B1, 3 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() Basic Boiler Operator Certification
() Advanced Boiler Operator Certification
() A/C Refrigeration Operator Certification
() Gas Turbine & Cogeneration
() Water Treatment
() Refrigeration & AC Plant Operation
() Boiler Plant Operation (Basic)
() Boiler Plant Operation (Advanced)
[ASK B2_1 IF B1, 4 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() Buildings System Technician (SMT)
() Building Systems Maintenance Certificate (SMC)
() Property Administrator Certificate (PAC)
() Facilities Management Certificate(FMC)
() High-Performance Certificate (HP)
[ASK B2_1 IF B1, 5 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() Green Globes Professional (GGP)
() Green Globes Assessor (GGA)
() Guiding Principles Compliance Professional (GPCP)
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[ASK B2_1 IF B1, 6 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() BOMA 360 Performance Program
() BOMA Energy Efficiency Program (BEEP)
() BOMA Sustainable Operations Series
[ASK B2_1 IF B1, 7 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() Certified plant engineer
() Certified plant maintenance manager
() Certified plant supervisor
() Government operator of high performance buildings
[ASK B2_1 IF B1, 8 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() Building energy assessment professional
() Building energy modeling professional
() Commissioning process management professional
() Healthcare facility design professional
() High performance building design professional
() Operations and performance management professional
[ASK B2_1 IF B1, 9 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() Mechanical/Industrial
() HVAC
() Electrical
() Plant management
[ASK B2_1 IF B1, 10 IS SELECTED]
B2_2 From the list below, please select the training or certification you completed. (SELECT
ALL THAT APPLY)
() Certified Energy Manager (CEM)
() Certified Energy Manager in Training (CEIT)
() Certified Building Commissioning Professional (CBCP)
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() Certified Lighting Efficiency Professional (CLEP)
() Existing Building Commissioning Professional (EBCP)
() Certified Business Energy Professional (BEP)
() Certified Energy Auditor (CEA)
[ASK ALL B3-B5]
B3.

Which of the following are true of your company? Your company... (SELECT ALL
THAT APPLY)
[]
...encourages O&M-related certification for building O&M staff that do not have
such certification
[]
...pays at least some of the costs associated with O&M-related certification
[]
...allows O&M staff to attend O&M-related training during paid working hours
[]
None of the above
[]
Don’t know

B4.

Are you authorized to make decisions about training for O&M staff at your work place?
()
Yes
()
No
()
I don’t recall

B5.

Are you aware that some utility companies offer to pay part of the cost of BOC tuition?
()
Yes
()
No
()
Not sure – I may have heard about it

[ASK B6 IF B4 = 1 (YES)]
B6.

How likely are to authorize additional staff to attend BOC training in the next two years
if your utility paid the following portion of the cost of tuition?
Not at all likely

Somewhat likely

Very likely

I don’t know

1

0% of the cost

()

()

()

()

2

25% of the cost

()

()

()

()

3

50% of the cost

()

()

()

()

4

75% of the cost

()

()

()

()

[ASK B7 IF B6.4 = “Not at all likely” or “Somewhat likely”]
B7.

You indicated you were not very likely to authorize additional staff to attend BOC
training in the next two years even if your utility paid 75% of the cost. Why is that?
(SELECT ALL THAT APPLY)
[]
Cost would still be a barrier
[]
It keeps staff out of work for too much time
[]
The class schedule is inconvenient
[]
All O&M staff currently have the needed skills
[]
Other (specify): _____
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[ASK B8 IF Error! Reference source not found. <> 1 (YES) AND Error! Reference source
not found. = 1 (YES)]
B8.

Have you ever discussed utility subsidies for BOC tuition with the person(s) who are
responsible for making training decisions in your company?
()
Yes
()
No
()
I don’t recall

[ASK B9 IF B8 <> 1 (YES)]
B9.

To the best of your knowledge, do the person(s) who are responsible for making training
decisions in your company know about utility subsidies for BOC tuition?
()
Yes, to the best of my knowledge, they know about it
()
No, to the best of my knowledge, they don’t know about it
()
I don’t know whether or not they know about it

[ASK B10 IF EITHER (CERTIFICATION LAPSED AND HAVE NEVER RENEWED) OR
(RECENTLY CERTIFIED, NOT YET UP FOR RENEWAL)]
B10.

Are you aware that maintaining BOC certification requires annual renewal?
()

Yes

()

No

()

I don’t know (comment if desired)_________________________________

[ASK B11 IF (CERTIFICATION HAS BEEN LAPSED AT LEAST TWO YEARS]
B11.

Are you aware that if you have let your BOC certification lapse, you can still renew your
certification by making up the outstanding points and fees?
()

Yes

()

No

()

I don’t know (comment if desired)_________________________________

[ASK B12 IF EITHER (CERTIFICATION LAPSED AND HAVE NEVER RENEWED) OR
(RECENTLY CERTIFIED, NOT YET UP FOR RENEWAL)]
B12.

Do you plan to renew your BOC certification?
()

Yes

()
()

No
I don’t know
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[ASK B13 IF B12 <> 1 (YES)]
B13.

Why do you think you may not renew your BOC certification?
__________________________________________________ [TEXT BOX]

[ASK ALL B14]
B14.

Which of the following are true of your company regarding maintenance (renewal) of
O&M-related certifications? Your business ... (SELECT ALL THAT APPLY)
[]
...encourages building O&M staff to maintain O&M-related certifications
[]
...pays fees for continuing education classes needed to maintain O&M-related
certifications
[]
...pays at least some of the expenses associated with maintenance of O&M-related
certification
[]
...allows staff to attend continuing education classes needed to maintain O&Mrelated certifications during paid working hours
()
None of the above

[ASK B15 AND B16 IF ATTENDED BOC BUT DID NOT GET CERTIFIED]
B15.

Our records indicate that you attended the BOC training, but did not get certified. Which
of the following things have happened as a result of your BOC training? (SELECT ALL
THAT APPLY) [ITEMS RANDOMIZED ON PRESENTATION]
[]
Improved work performance
[]
More autonomy at work
[]
Increased work responsibilities
[]
Increased authority over other staff
[]
Increased pay
[]
Greater role in building operations and management decisions
[]
Greater recognition from my work superiors
[]
Greater ability to find other employment if I want to
[]
Other – please, specify:______________
()
No benefits that I can think of

B16.

Why did you decide not pursue full BOC certification?
__________________________________________________ [TEXT BOX]

[ASK B17 AND B18 IF CERTIFIED]
B17.

Which of the following things have happened as a result of your BOC certification?
(SELECT ALL THAT APPLY) [ITEMS RANDOMIZED ON PRESENTATION]
[]
Improved work performance
[]
More autonomy at work
[]
Increased work responsibilities
[]
Increased authority over other staff
[]
Increased pay
[]
Greater role in building operations and management decisions
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[]
[]
[]
()
B18.

Greater recognition from my work superiors
Greater ability to find other employment if I want to
Other – please, specify:______________
No benefits that I can think of

Which of those things do you think would still have happened if you had taken the BOC
training but had not gotten the BOC certification? (SELECT ALL THAT APPLY)
[DISPLAY ONLY ITEMS SELECTED IN B17]
[]
Improved work performance
[]
More autonomy at work
[]
Increased work responsibilities
[]
Increased authority over other staff
[]
Increased pay
[]
Greater role in building operations and management decisions
[]
Greater recognition from my work superiors
[]
Greater ability to find other employment if I want to
[]
Other – please, specify:______________
()
No benefits that I can think of

[ASK ALL B19]
B19.

Have you recommended BOC training to anyone else?
()
Yes
()
No
()
I don’t recall

[ASK B20 IF B19 = 1 (YES)]
B20.

Who have you recommended BOC training to? (SELECT ALL THAT APPLY)
()
Coworkers
()
My employer(s), manager(s), or supervisor(s)
()
Other O&M workers outside of my company
()
Other building or business owners
()
Other (please describe): _____________

[ASK B21 IF A1<>4 (SOLE O&M EMPLOYEE) AND A7<>1 (ALL O&M STAFF HAVE
BOC)]
B21.

To what degree have you transferred knowledge gained from your BOC training to other
operations or maintenance staff?
()
To a very great degree
()
To a large degree
()
Somewhat
()
To a small degree
()
Not at all
()
Don’t Know
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E.3. Working Environment & Employee Profile
[ASK C1 IF A4 = 2 OR 3]
C1.

You said you worked in a complex of buildings. How many buildings are in the complex
you work in?
()
Two or three
()
Four or five
()
Six to 10
()
More than 10
()
Other response ____________________
()
I’m not sure

[ASK C2 IF A4 = 3 OR 4]
C2.

How many buildings do you work in?
()
Two or three
()
Four or five
()
Six to 10
()
More than 10
()
Other response ____________________
()
I’m not sure

[ASK ALL C3]
C3.

How many total square feet of conditioned space do the building or buildings you work
in have? (By ‘conditioned’ we mean that the space is reached by the facility’s heating or
air conditioning methods and excludes garages, decks, plazas, patios, and so forth.)
___________total square feet (please provide your best guess to the nearest 10,000
square feet)
()
Don’t know or not sure

[ASK C4 IF C3 = DON’T KNOW OR NOT SURE]
C4.

Which of the following size ranges do the building or buildings you work in fall in?
(Again, we are asking only about heated or air conditioned space, excluding garages and
outdoor areas.)
()
Up to 5,000 square feet
()
5,001 to 20,000 square feet
()
20,001 to 50,000 square feet
()
50,001 to 75,000 square feet
()
75, 001 to 100,000 square feet
()
100,001 to 500,000 square feet
()
More than 500,000 square feet
()
I’m not sure
()
Other response ____________________

[ASK ALL C5]
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C5.

Which of the following best describes your organization’s type of business?
()
Office
()
Retail
()
Grocery
()
K-12 School
()
College/University
()
Restaurant
()
Healthcare / Hospital / Medical
()
Warehouse
()
Industrial / Process
()
Hotel / Motel
()
Residential / Apartment
()
Government
()
Mixed Use
()
Property Management and Facility Services
()
Other – please, specify:___________________

E.4. Building Operations & Maintenance
[DISPLAY FOLLOWING TEXT IF CONTRACT SERVICES EMPLOYEE (A5 = 1, Yes)]
Now we would like to learn about your organization’s operations and maintenance, or
O&M practices, including practices of those working under your supervision. Unless
otherwise specified, please focus on your practices over the past year. If you have worked
in buildings for multiple clients, please focus on your typical practices.
[DISPLAY FOLLOWING TEXT IF IN-HOUSE EMPLOYEE (A5 = 2, No)]
Now we would like to learn about your organization’s operations and maintenance, or
O&M practices, including practices of those working under your supervision. Unless
otherwise specified, please focus on your practices over the past year.
[DISPLAY BOILER SECTION (F1 TO F14) ONLY IF RESPONSIBILITY FOR BOILER
INDICATED IN A8; OTHER DISPLAY/SKIP INSTRUCTIONS WITHIN THIS SECTION
MAY APPLY]
Please tell us about your work with boilers, including the work of others you supervise.
[DISPLAY FOLLOWING TEXT IF RESPONSIBLE FOR BOILER AND A5 = 1]
If you have worked for multiple clients, please focus on your typical practices.
[ASK ALL RESPONSIBLE FOR BOILERS]
F1.

Please provide some information about the boiler: (Please provide your best guess if you
are not sure)

Fuel
Efficiency

Boiler Product

Other
Boiler
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Heating

Fuel Type
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Fuel
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(%)

0-100

Hot water

Product

Input

Text

Numeric

Type

Text

Natural Gas

Steam

Oil

Other

Propane

Don’t know

Electricity
Other
Don’t know

F2.

How frequently do you or someone working under your supervision perform the
following maintenance activities?
Frequency

Check boiler supply and return temperatures

1=At least once a day

Check boiler stack temperature

2=At least once a week
3=At least once a month
4=Less than once a month
5=Only as needed
6=Never have done
Don’t Know

F3.

And how about...?
1=At least
once a
quarter

2=2-3
times a
year

3=About
once a
year

4=Less
than once
a year

5=Only as
needed

6=Never
have done

Don’t
Know

Check
combustion
efficiency

F4.

And the following...?
1=At least
once a year

4=Less than
once a year

5=Only as
needed

6=Never
have done

Don’t
Know

Check for corrosion or scaling
Clean fire tubes
Check and clean heat exchangers
Replace leaking tubes
Inspect insulation on piping and boilers
Clean/replace fuel oil burner tip
Calibrate sensors
Inspect steam traps

F5.

Have you implemented hot water reset or cutout controls for any of the boilers at your
facilities?
()
Yes
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()
()

No
I don’t know

[DISPLAY F6 IF F5 = YES]
F6.

Is the hot water temperature reset based on outdoor air temperature?
()
Yes
()
No
()
I don’t know

[DISPLAY F7 TO F8 IF F6 = YES]
F7.

What are the high and low hot water temperature set points, in degrees Fahrenheit (°F)?
High Temp Set Point (°F)
Low Temp Set Point (°F)
Other response

F8.

At what OUTDOOR air temperatures (°F) do hot water temperatures change and does the
system shut down?
Other response
OUTDOOR air temperatures (°F) at which hot water temperatures change
OUTDOOR air temperature (°F) at which the system shuts down

[ASK ALL RESPONSIBLE FOR BOILERS]
F9.

How often do you perform boiler tune-ups?
()
At least once per year
()
Less than once per year
()
Never
()
Other response ____________________
()
As needed

F10.

What do you typically do as part of a boiler tune-up? (Check all that apply)
[]
Measure flue gas oxygen content
[]
Measure flue gas carbon monoxide content
[]
Measure flue gas combustibles content
[]
Measure flue gas emissions content (NOx)
[]
Measure flue flow rate
[]
Measure flue gas temperature
[]
Measure steam flow rate (if steam boiler)
[]
Adjust combustion control positioning to achieve desired combustion
characteristics (targets will generally be in accordance with Manufacturer’s
Specifications)
[]
Document pre- and post-tune-up conditions as well as any modifications/repairs
made
[]
Other – specify: ____________________

F11.

What instrumentation do you use in evaluating boiler operating conditions? (Check all
that apply)
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[]
[]
[]
[]

Portable combustion analyzer
Infrared thermometer (temperature gun)
Thermocouple Probe
Other – specify: ____________________

F12.

How often do you calibrate boiler controls?
()
At least annually
()
Every one to two years
()
Less frequently than every two years
()
Never
()
Other response ____________________
()
As needed

F13.

Have you implemented any energy-saving modifications to boiler equipment scheduling?
If so, what were they?
()
Yes (please describe) ____________________
()
No
()
Other response ____________________

F14.

Have you implemented any other boiler or steam-system-related O&M measures that we
have not asked about yet? If so what were they?
()
Yes (please describe) ____________________
()
No
()
Other response ____________________

[END OF BOILER SECTION]
[DISPLAY CHILLED WATER SECTION (F15 TO F23) ONLY IF RESPONSIBILITY FOR
CHILLED WATER SYSTEM INDICATED IN A8; OTHER DISPLAY/SKIP INSTRUCTIONS
WITHIN THIS SECTION MAY APPLY]
Please tell us about your work with chilled water systems, including the work of others you
supervise.
[DISPLAY FOLLOWING TEXT IF A5 = 1]
If you have worked for multiple clients, please focus on your typical practices.
[ASK ALL RESPONSIBLE FOR CHILLED WATER]
F15.

What is the nominal cooling capacity of the chiller(s), EITHER in tons OR BTU/hr of
input? (Please record one or the other)
()
BTU/hr ____________________
()
Other response ____________________
()
I don’t know
()
Tons ____________________
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F16.

What is the chiller system’s rated operating efficiency? (Provide as many of these as you
easily can)
Design efficiency %
Coefficient of Performance (CoP) %
Integrated part-load value (IPLV) %
Non-standard part-load value (NPLV) %
Other response

F17.

What O&M practices have you implemented to optimize chiller performance?

F18.

Have you implemented chilled-water reset controls at any of your facilities?
()
Yes
()
No
()
I don’t know

[DISPLAY F19 TO F20 IF F18 = YES]
F19.

What is the normal chilled-water operating temperature (°F) during peak cooling season?
()
Temperature (°F) ____________________
()
Other response ____________________
()
I don’t know

F20.

By how many degrees (°F) is temperature offset?
()
Other response ____________________
()
Degrees (°F) ____________________
()
I don’t know

[ASK ALL RESPONSIBLE FOR CHILLED WATER]
F21.

Do any of your facilities feature cooling towers?
()
Yes
()
No
()
Don’t know

[DISPLAY F22 IF F21 = YES]
F22.

Have you implemented condenser water supply temperature reset controls at any of these
facilities?
()
Yes
()
No
()
Other response ____________________

[ASK ALL RESPONSIBLE FOR CHILLED WATER]
F23.

Have you implemented any other chilled-water system-related O&M measures that we
have not asked about yet? If so, what were they?
()
Yes (please describe) ____________________
()
No
()
Other response ____________________
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[END OF CHILLED WATER SECTION]
[DISPLAY ECONOMIZERS AND VENTILATION CONTROL SECTION (F24 TO F35)
ONLY IF RESPONSIBILITY FOR ECONOMIZERS AND VENTILATION CONTROL
INDICATED IN A8; OTHER DISPLAY/SKIP INSTRUCTIONS WITHIN THIS SECTION
MAY APPLY]
Please tell us about your work with economizers and ventilation control, including the work of
others you indicated.
[DISPLAY FOLLOWING TEXT IF A5 = 1]
If you have worked for multiple clients, please focus on your typical practices.
[ASK ALL RESPONSIBLE FOR ECONOMIZERS AND VENTILATION CONTROL]
F24.

Have you installed carbon monoxide (CO) based ventilation controls at any of your
facilities?
()
Yes
()
No
()
Other response ____________________

F25.

Have you evaluated the amount of outside air supplied by the central HVAC system at
any of your facilities?
()
Yes
()
No
()
Other response ____________________

F26.

Do any of your facilities have HVAC systems equipped with air-side economizers?
()
Yes
()
No
()
I don’t know

[DISPLAY F28 TO F31 IF F27 = YES]
F27.

Have you added air-side economizers to any of the HVAC systems at your facilities?
()
Yes
()
No
()
Other response ____________________

F28.

Have you repaired inoperable pre-existing air-side economizers? If so, how did you do it?
()
Yes - please briefly describe how ____________________
()
No
()
Other response ____________________

F29.

Have you done anything to optimize pre-existing air-side economizers? If so, what did
you do?
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()
()
()
F30.

Yes (please briefly describe) ____________________
No
Other response ____________________

Have you upgraded pre-existing outside-air dry-bulb economizers to dual-enthalpy
economizers?
()
Yes
()
No
()
Other response ____________________

[ASK ALL RESPONSIBLE FOR ECONOMIZERS AND VENTILATION CONTROL]
F31.

Have you implemented supply air temperature reset strategies at any of your facilities?
(For example, using free cooling provided by an economizer to increase supply air
temperature set points and decrease cooling system operating hours)
()
Yes
()
No
()
Other response ____________________

F32.

Have you incorporated optimal start algorithms into any of the central HVAC control
systems serving the facilities you operate or manage?
()
Yes
()
No
()
I don’t know

[DISPLAY F34 TO F35 IF F33 = YES]
F33.

Is optimal start being used during heating and cooling seasons?
()
Yes
()
No
()
I don’t know

F34.

Were nighttime setbacks in place before you implemented optimal start logic?
()
Yes
()
No
()
I don’t know

[ASK ALL RESPONSIBLE FOR ECONOMIZERS AND VENTILATION CONTROL]
F35.

Have you implemented any other economizer-related O&M measures that we have not
asked about? If so, what were they?
()
Yes (please describe) ____________________
()
No
()
Other response ____________________

[END OF ECONOMIZERS AND VENTILATION SECTION]
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[DISPLAY COMPRESSED AIR SECTION (F36 TO F41) ONLY IF RESPONSIBILITY FOR
COMPRESSED AIR INDICATED IN A8; OTHER DISPLAY/SKIP INSTRUCTIONS
WITHIN THIS SECTION MAY APPLY]
Please tell us about your work with compressed air systems, including the work of others you
indicated.
[DISPLAY FOLLOWING TEXT IF A5 = 1]
If you have worked for multiple clients, please focus on your typical practices.
[ASK ALL RESPONSIBLE FOR COMPRESSED AIR]
F36.

Have you incorporated regular compressed air leak surveys into standard O&M
procedures at any of these facilities?
()
Yes
()
No
()
I don’t know

[DISPLAY F37 TO F40 IF F36 = YES]
F37.

How often do you perform leak surveys?
()
At least annually
()
Less than annually
()
Never
()
Other response ____________________
()
As needed

F38.

What instrumentation do you use to identify leaks?
[]
Ultrasonic leak detectors
[]
Infrared camera
[]
Audible sound (human ear)
[]
Other - specify: ____________________

F39.

Has this program been successful?
()
Yes
()
No
()
I don’t know

F40.

How many leaks have you identified and repaired within the past 12 months?
()
Number of leaks ____________________
()
I don’t know
()
Other response ____________________

[ASK ALL RESPONSIBLE FOR COMPRESSED AIR]
F41.

Have you implemented any other compressed air O&M measures that we have not asked
about yet? If yes, what were they?
()
Yes (please describe) ____________________
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()
()

No
Other response ____________________

[END OF COMPRESSED AIR SECTION]
[DISPLAY FANS AND AIR DISTRIBUTION SYSTEMS SECTION (F42 TO F52) ONLY IF
RESPONSIBILITY FOR FANS AND AIR DISTRIBUTION SYSTEMS INDICATED IN A8;
OTHER DISPLAY/SKIP INSTRUCTIONS WITHIN THIS SECTION MAY APPLY]
Please tell us about your work with fans and air distribution systems, including the work of
others you sindicated.
[DISPLAY FOLLOWING TEXT IF A5 = 1]
If you have worked for multiple clients, please focus on your typical practices.
[ASK ALL RESPONSIBLE FOR FANS AND AIR DISTRIBUTION SYSTEMS]
F42.

How frequently do you clean heat exchangers and/or cooling coils?
()
At least once a year
()
Less than once a year
()
Never
()
Other response ____________________
()
As needed

F43.

Do you inspect motor bearings and drive belts at least once a year?
()
Yes
()
No
()
I don’t know

F44.

What methods do you use to evaluate motor conditions?
()
Load measurements
()
Vibration analysis
()
Other - specify: ____________________
()
None
()

I don’t know

What types of instrumentation do you use to evaluate motor conditions?
()
Multi-meter
()
Power meter
()
Amprobe
()
Vibration analysis
()
Other - specify: ____________________
()
None
()
I don’t know
F45.

Do you or those you supervise perform temperature or vibration analyses as part of
normal motor maintenance?
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()
()
()

Yes
No
I don’t know

F46.

Have you implemented Demand Controlled Ventilation controls at any of your facilities?
()
Yes
()
No
()
I don’t know

F47.

Have you evaluated duct static pressure or reduced/reset duct static pressure at any of
your facilities?
()
Yes
()
No
()
I don’t know

F48.

Have you installed variable frequency drives (VFDs) on any fan systems at your
facilities? If so, how many?(Again, please provide your best guess)
()
Yes - number of VFDs (best guess) ____________________
()
No

[DISPLAY F49 IF F48 = YES]
F49.

What is the approximate total CFM (or cubic feet per minute) of the supply fans?
()
Total CFM (best guess) ____________________
()
Other response ____________________
()
I don’t know

[ASK ALL RESPONSIBLE FOR FANS AND AIR DISTRIBUTION SYSTEMS]
F50.

Have you implemented any energy saving modifications to main air handling units
(AHUs)? If so, what were they?
()
Yes (please describe) ____________________
()
No
()
Other response ____________________

F51.

Have you implemented any energy saving modifications to fan-powered box or variable
air volume (VAV) box scheduling? If so, what were they?
()
Yes (please describe) ____________________
()
No
()
Other response ____________________

F52.

Have you implemented any other fan optimization/air distribution system related O&M
measures that we have not asked about yet? If so, what were they?
()
Yes (please describe) ____________________
()
No
()
Other response ____________________

[END OF FANS AND AIR DISTRIBUTION SYSTEMS SECTION]
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[DISPLAY DOMESTIC WATER HEATERS SECTION (F53) ONLY IF RESPONSIBILITY
FOR DOMESTIC WATER HEATERS INDICATED IN A8; OTHER DISPLAY/SKIP
INSTRUCTIONS WITHIN THIS SECTION MAY APPLY]
Please tell us about your work with domestic water heaters, including the work of others you
indicated have responsibilities for domestic hot water.
[DISPLAY FOLLOWING TEXT IF A5 = 1]
If you have worked for multiple clients, please focus on your typical practices.
[ASK ALL RESPONSIBLE FOR DOMESTIC WATER HEATERS]
F53.

Have you implemented any hot water O&M energy efficiency measures? If so, what were
they?
()
Yes (please describe) ____________________
()
No
()
Other response ____________________

[END OF DOMESTIC WATER HEATERS SECTION]
[DISPLAY LIGHTING SECTION (F54 TO F63) ONLY IF RESPONSIBILITY FOR
LIGHTING INDICATED IN A8; OTHER DISPLAY/SKIP INSTRUCTIONS WITHIN THIS
SECTION MAY APPLY]
Please tell us about your work with lighting, including the work of others you indicated.
[DISPLAY FOLLOWING TEXT IF A5 = 1]
If you have worked for multiple clients, please focus on your typical practices.
[ASK ALL RESPONSIBLE FOR LIGHTING]
F54.

Have you conducted a lighting system survey and savings opportunity assessment at any
of your facilities? If so, in what year?(Your best guess is fine)
()
Yes - what year? (best guess) ____________________
()
No
()
I don’t know

F55.

Does your facility include a central energy management system, or EMS?
()
Yes
()
No
()
I don’t know

[DISPLAY F56 IF F55 = YES]
F56.

Does your facility’s EMS automatically turn lights on or off based on time of day?
()
Yes
()
No
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()
()

I don’t know
Other basis - specify ____________________

[DISPLAY F57 TO F58 IF F56 = YES]
F57.

At what hours does the system turn the lights on and off?

F58.

Are these settings modified throughout the year, as days become longer or shorter?
()
Yes
()
No
()
I don’t know

[DISPLAY F59 TO F60 IF F58 = YES]
F59.

How often are set points changed within the Energy Management System?
()
More than four times a year
()
About four times a year
()
About three times a year
()
About twice a year
()
About once a year
()
Less than once a year
()
Never
()
I don’t know
()
As needed

F60.

Does the system control all interior and exterior lighting at the facility?
()
Yes
()
No
()
I don’t know

[ASK ALL RESPONSIBLE FOR LIGHTING]
F61.

Is lighting at your facility controlled by occupancy sensors?
()
Yes
()
No
()
Don’t know

[DISPLAY F62 IF F61 = YES]
F62.

What space types are occupancy sensors being used in?
[]
Warehouse
[]
Conference room
[]
Restroom, bathroom
[]
Hallway
[]
Other – specify: ____________________
[]
I don’t know

[ASK ALL RESPONSIBLE FOR LIGHTING]
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F63.

Have you made any other modifications to standard O&M procedures at the facility that
would have resulted in a reduction in lighting operating hours and/or energy
consumption? If so, what were they?
()
Yes (please specify) ____________________
()
No
()
I don’t know

[END OF LIGHTING SECTION]
[DISPLAY PUMPS SECTION (F64) ONLY IF RESPONSIBILITY FOR PUMPS INDICATED
IN A8; OTHER DISPLAY/SKIP INSTRUCTIONS WITHIN THIS SECTION MAY APPLY]
Please tell us about your work with pumps, including the work of others you indicated.
[DISPLAY FOLLOWING TEXT IF A5 = 1]
If you have worked for multiple clients, please focus on your typical practices.
[ASK ALL RESPONSIBLE FOR PUMPS]
F64.

Have you implemented any energy saving modifications to pump scheduling? If so, what
were they?
()
Yes (please describe) ____________________
()
No
()
I don’t know

[END OF PUMPS SECTION]
[ASK ALL RESPONDENTS]
F65.

Have you implemented any other scheduling-related O&M measures that we have not
asked about yet?
()
Yes
()
No
()
Don’t know

[DISPLAY F66 IF F65 = YES]
F66.

What other scheduling-related O&M measures have you implemented? (Please provide a
very brief description in the appropriate space - for example, describe any boiler-related
O&M measures you haven’t already told us about in the box next to ‘Boilers’)
[DISPLAY ONLY ITEMS RESPONSIBLE FOR, AS INDICATED IN A8 OR A9]
[]
Boilers
[]
Chilled-water system
[]
Economizers and ventilation control
[]
Compressed air
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[]
[]
[]
[]
[]
[]

Fan optimization / air distribution
Hot water
Lighting
Pumps
Motors
Other - please describe: _________________

[DISPLAY F68 IF A8, 1 IS SELECTED]
F68.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on boilers?
()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very Much
Don't know

[DISPLAY F69 IF A8, 2 IS SELECTED]
F69.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on the chilled-water system?
()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very much
Don't know

[DISPLAY F70 IF A8, 3 IS SELECTED]
F70.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on economizers and ventilation controls?
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()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very much
Don't know

[DISPLAY F71 IF A8, 4 IS SELECTED]
F71.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on compressed air systems?
()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very much
Don't know

[DISPLAY F72 IF A8, 5 IS SELECTED]
F72.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on fans and air distribution systems?
()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very much
Don't know

BOC Certificant Survey Instrument | Page F-26

BOC-Expansion Initiative Market Progress Evaluation Report

[DISPLAY F73 IF A8, 6 IS SELECTED]
F73.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on hot water heaters?
()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very much
Don't know

[DISPLAY F74 IF A8, 7 IS SELECTED]
F74.

You said you had replaced one or more a standard tank-type water heater with a tankless
water heater. How much did your BOC training affect your decision to do that?
()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very much
Don't know

[DISPLAY F75 IF A8, 8 IS SELECTED]
F75.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on lighting systems?
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6

BOC Certificant Survey Instrument | Page F-27

BOC-Expansion Initiative Market Progress Evaluation Report

()
()
()
()
()

7
8
9
10 - Very much
Don't know

[DISPLAY F76 IF A8, 9 IS SELECTED]
F76.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on pumps?
()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very much
Don't know

[DISPLAY F77 IF A8, 10 IS SELECTED]
F77.

How much did your BOC training affect the types and frequency of O&M activities you
carried out on motors?
()
()
()
()
()
()
()
()
()
()
()
()

0 - Not at all
1
2
3
4
5
6
7
8
9
10 - Very much
Don't know

E.5. Survey End
Thank you very much for all of your valuable time. We know it was a significant investment,
and we appreciate it.
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CLICK “SUBMIT” IF YOU ARE FINISHED WITH YOUR SURVEY QUESTIONS.
THANKS AGAIN!

E.6. Termination
This survey is targeting individuals currently employed in managing or performing building
operations and maintenance services. Therefore, we do not need to take up any more of your
valuable time.
PLEASE CLICK “SUBMIT” TO SAVE YOUR RESPONSES AND EXIT THE SURVEY.
THANKS AGAIN!
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Appendix F.

Evaluation Sources

This appendix lists sources used in this MPER and the associated memoranda. We first list
general sources, used throughout the MPER and memoranda, followed by sources specific to the
market characterization and the ACE Model review.

F.1. General Sources
Research Into Action, Inc. (2015). BOC-Expansion Initiative Market Progress Evaluation Report
#2 Final Report (Report No. E15-305). Prepared for Northwest Energy Efficiency
Alliance. Retrieved from http://neea.org/docs/default-source/reports/neea-boc-e-mper-2final.pdf?sfvrsn=8.
Navigant Consulting, Inc. and Research Into Action, Inc. (2015). Comprehensive Review of
Training and Education Programs: Draft Final Report in the Cross-Cutting Research
Areas of Behavior and Education. Prepared for Massachusetts Program Administrators
and the Energy Efficiency Advisory Council.
Research Into Action, Inc. (2014). BOC-Expansion Initiative Market Progress Evaluation Report
#1 (Report #E14-277). Prepared for Northwest Energy Efficiency Alliance. Retrieved
from http://neea.org/docs/default-source/reports/boc-expansion-initiative-marketprogress-evaluation.pdf?sfvrsn=4.
Navigant Consulting, Inc. (2014). 2014 Northwest Commercial Building Stock Assessment: Final
Report. Prepared for Northwest Energy Efficiency Alliance. Retrieved from
http://neea.org/docs/default-source/reports/2014-cbsa-final-report_05-dec2014.pdf?sfvrsn=12.
The British Standards Institution (2012). Conformity Assessment – General Requirements for
Bodies Operating Certificationof Persons. Document No. BS EN ISO/IEC 17024:2012.
BSI Standards Limited.
Research Into Action, Inc. (2001). Regional Building Operator Certification Venture: Final
Market Progress Evaluation Report (Report No. E01-088). Prepared for Northwest
Energy Efficiency Alliance. Retrieved from http://neea.org/docs/reports/market-progressevaluation-report-no-7-e01-088.pdf?sfvrsn=7.

F.1.1. Primary Data Sources
BOC certificant survey conducted for this evaluation (described in Appendices C and D).
NEEC BOC Program Database. Retrived from
https://neeanet.neea.org/sites/programs/boce/Documents/BOC%20E%20MPER%203/BO
C%20E%20MPER%203%20NEEC%20Database%20Review/Combined%20BOC%20da
ta%20for%20PNW.xlsx
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GSA eLibrary.
http://www.gsaelibrary.gsa.gov/ElibMain/searchResults.do;jsessionid=A1C1E0C40BA5
74C906D41054D83606C2.prd2pweb.

F.1.1. NEEA Program Documentation
BOC 2 Logic Model v13. Retrieved from
https://neeanet.neea.org/sites/programs/boce/Documents/BOC%20E%20MPER%203/BO
C%20E%20MPER%203%20Logic%20Model%20Review/BOC2_Logic_Model_V13.pd
f
BOC 2 Logic Model Assumption Tables v13-Draft. Retrieved from
https://neeanet.neea.org/sites/programs/boce/Documents/BOC%20E%20MPER%203/BO
C%20E%20MPER%203%20Logic%20Model%20Review/BOC%202%20Logic%20Mo
del%20Assumption%20Tables_v13-Draft.xlsx
2014-15 ANSI Milestones. Retrieved from
https://intranet.neea.org/Initiatives/BOCE/Lists/InitiativeDocuments/201415%20ANSI%20Milestones.docx.
2014 Certification Tables Quarterly Update. Retrieved from
https://neeanet.neea.org/sites/programs/boce/Documents/2014%20Certification%20Table
s%20Quarterly%20Update.xlsx.
Note on calculation of certification rates:
Some registrants do not certify in the same year they complete the course. Therefore,
calculating the certification rate based only on the new certificants in a given cohort will
underrepresent the actual certification rate for that cohort. To address this, NEEC adds
new certificants from previous cohorts to the certification total for the current cohort.
NEEC identifies the new certificants from previous cohorts as “miscellaneous
certificants” and identifies their BOC class as “varies.” The formula for calculating a
given cohort’s certification rate is:
new certificants from current cohort + “miscellaneous certificants”
/ total registrants from current cohort
Over 2013-2014, the number of new certificants from previous cohorts averaged 7% of
the current cohort’s registrants. Given that the total number of registrants will vary from
year to year, with the resulting possibility that non-certifying students from a large cohort
may be added to the certificant total for a later, smaller cohort, or vice versa, this practice
likely introduces variability into the year-by-year certification rate (above and beyond the
random variability that would occur). NEEA staff should take this into consideration
when interpreting trends in certification rates.
The comparison between 2013, with a certification rate of 83%, and 2014, with a
certification rate of 75%, illustrates the above process and shows how it can increase the
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year-to-year variability in certification rates. Considering only the individuals who
certified in the year in which they completed training, the 2013 and 2014 certification
rates are 72% and 71%, respectively. Since these rates do not include individuals who
will certify later, they underestimate the eventual certification rates. Therefore, NEEA
includes, in each of those years’ certificant total, the individuals who certified that year
but who took the BOC course in a previous year. In 2013, 29 individuals certified who
took the course in an earlier year. Adding those 29 new certificants to 2013 count, when
the registrant total was 260, produced a large increase in the rate, from 72% to 83%. By
contrast, in 2014 there were fewer new certificants who took the course in an earlier year
– 13 – but more total registrants – 314. Therefore, adding those 13 individuals to the 2014
total produced a modest increase in the certification rate, from 71% to 75%.

F.2. Market Characterization
For the market characterization, in addition to relying on the above-mentioned general sources,
we relied on a data from the 2014 Commercial Building Stock Assessment (see reference below)
and data from the 2013 Federal Real Property Statistics (FRPS).
FY 2014 Federal Real Property Statistics. Published by GSA Office of Governmentwide Policy.
Retrieved from http://www.gsa.gov/portal/getMediaData?mediaId=195863)
2014 Northwest Commercial Building Stock Assessment (Navigant, 2014).

F.3. Ace Model Review
For the ACE model review, in addition to relying on the above-mentioned general sources and
market size estimates from our market characterization, we relied on data from online energyrelated sources, a variety of program technical reference manuals, and program data from
Nexant-implemented retro-commissioning, building tune-up, and O&M programs, which include
project- and measure-specific data for 50 to 60 typical O&M measures.
The Regional Technical Forum Unit Energy Savings (UES) Measures and Standard Protocols:
http://rtf.nwcouncil.org/measures/
State of Illinois Energy Efficiency Technical Reference Manual
State of Wisconsin Public Service Commission of Wisconsin – Focus on Energy Evaluation –
Business Programs: Deemed Savings Manual V1.0
Pennsylvania Public Utility Commission Technical Reference Manual – State of Pennsylvania
Act 129 Energy Efficiency and Conservation Program
Massachusetts Technical Reference Manual
New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs:
Commercial/Industrial Measures
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State of Ohio Energy Efficiency Technical Reference Manual prepared for the Public Utilities
Commission of Ohio by Vermont Energy Investment Corporation
State of Arkansas Deemed Savings - Quick Start Program – Commercial Measures Final Report
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