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Glossary of Acronyms & Abbreviations
ARRA

American Recovery and Reinvestment Act

ASHRAE

American Society of Heating, Refrigeration, and Air-Conditioning Engineers

BECP

Building Energy Codes Program (US Department of Energy)

CBECS

Commercial Building Energy Consumption Survey

CBSA

Commercial Building Stock Assessment

EUI

Energy Use Intensities

FTE

Full-Time Equivalent

ICC

International Code Council

IECC

International Energy Conservation Code

IRC

International Residential Code

LED

Light Emitting Diode

Low-E

Low Emissivity

LPD

Lighting Power Density

O&M

Operation and Maintenance

HVAC

Heating, Ventilation, and Air Conditioning

NEEA

Northwest Energy Efficiency Alliance

NFRC

National Fenestration Rating Council

NREC

Non-Residential Energy Code

PNNL

Pacific Northwest National Laboratory

PV

Photovoltaics

RBSA

Residential Building Stock Assessment

SHGC

Solar Heat Gain Coefficient

UA

A measure of the amount of heat that would be transferred through a given
surface or enclosure (such as a building envelope) with a one degree Fahrenheit
temperature difference between the two sides. The UA is calculated by
multiplying the U-Value by the area of the surface (or surfaces).

VAV

Variable Airflow Volume

VRF

Variable Refrigerant Flow

WSEC

Washington State Energy Code
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Executive Summary
The Northwest Energy Efficiency Alliance (NEEA) contracted Ecotope, Inc. to conduct a small
Pilot Study to develop and test a methodology for commercial energy code evaluation. The
insights from the Pilot Study will be applied to a large-scale commercial code evaluation in the
Northwest. The methodology has an explicit energy focus and was designed to support efforts to
decrease energy consumption in commercial buildings. Initially, the Pilot was intended to focus
almost exclusively on an approach to commercial code compliance. However, it evolved into a
broader code evaluation in order to respond to a more diverse set of goals and research questions.
Code compliance is an important subset of the evaluation rather than the main objective. The
methodology therefore includes a field review and compliance assessment of completed
buildings, an enforcement assessment including interviews with building code officials, and an
energy performance assessment.
Energy codes have been identified as a key strategy for meeting a number of energy planning
and policy goals, including: integrated resource plans; aggressive regional, state, and municipal
carbon reduction goals; and the Architecture 2030 Challenge. These goals increasingly depend
on dramatic energy reductions in new buildings. For example, the 2030 Challenge asserts that
“all new buildings, developments, and major renovations shall be carbon-neutral by 2030.”1
Washington state law mandates that new buildings permitted under the 2031 energy code use
70% less annual net energy compared to the 2006 code.2 In addition, many dense urban areas in
the Northwest are rapidly adding new commercial and mid- to high-rise multifamily buildings.
Energy codes have typically focused on measures designed to deliver relatively small
incremental energy savings over time. Over the next decades, energy codes will need a major
overhaul to allow building designers and engineers to significantly decrease building energy
requirements. Code evaluations and compliance assessments must be geared to support this
transformation.
To meet policy goals and avoid lost opportunities for deep energy savings in new buildings,
energy codes must be more stringent, buildings must comply with these codes, and the codes
must actually deliver the increased efficiency that policies are counting on. Realizing these
outcomes will require an effective research strategy that can track code progress and guide future
code development and enforcement. However, the commercial sector currently lacks a reliable,
cost-effective, and repeatable methodology for measuring code compliance and evaluating
improvements in energy performance over time. A key driver for this code evaluation Pilot
Study was the need for alternative strategies that can deliver meaningful input for a number of
commercial new construction interventions, including code development and enforcement as
well as utility programs and initiatives.
To support the energy focus of the code evaluation, the compliance assessment method
developed for the Pilot does not attempt to determine compliance on a measure-by-measure
basis. Instead, it focuses on key determinants of energy use such as UA, lighting power density

1
2

For more information, see http://architecture2030.org/2030_challenges/2030-challenge/.
For more information, see http://apps.leg.wa.gov/rcw/default.aspx?cite=19.27A.160.

Ecotope, Inc.

vi

COMMERCIAL CODE EVALUATION PILOT STUDY

FINAL REPORT

(LPD), and specific mechanical and controls components to identify compliance and compare
compliance with the actual energy use of completed buildings. The objective of this
methodology is to get a better sense of how new commercial buildings are actually being built,
what level of code compliance is achieved, and how that compliance influences energy savings.
In developing the code evaluation approach, the project team had several working sessions to
refine goals and confirm various strategies for a comprehensive methodology that would be
relevant for a regional study. While grappling with the challenges inherent in designing a
meaningful and cost-effective methodology for assessing commercial code compliance, it
became clear that framing the study specifically as a “code compliance study” constrained the
uses of the data to a narrow, potentially misleading assessment of commercial buildings. A
general observation during the working sessions was that the stakeholder goals fell more under
the larger rubric of “code evaluation” rather than just “code compliance study.” The primary
focus of the Pilot Study shifted from compliance verification to a methodology for evaluating the
overall efficacy of code efforts in the commercial building sector.
The Pilot Study was designed to deliver a methodology that when fully applied in a larger study
would meet the following five goals:
1.

Identify major compliance gaps in code implementation and enforcement.

2.

Inform commercial code and program development.

3.

Inform enforcement efforts.

4.

Provide feedback on the efficacy of industry efforts.

5.

Provide an improved approach to estimating compliance and demonstrating the value of
codes.

Strategies for these goals coalesced around developing an actionable, meaningful definition of
code compliance in the face of limitations in observing the presence of code elements,
determining the impact of controls on compliance and energy savings, determining how well
code is enforced and whether enforcement and training can affect code compliance, and
assessing code impact via energy performance measurement (benchmarking) once buildings are
occupied.
The Pilot Study methodology was developed as part of an iterative process to refine goals,
objectives, strategies, and limitations. The four main study components are:


Prototype Sample Design. Ecotope developed a rigorous sample that is representative of
commercial buildings in the Northwest. The purpose of this step was to vet the sampling
approach for use in the larger study. However, the Pilot Study sites were recruited from a
targeted list of building types and sizes in Washington State.



Compliance Assessment. Field surveys were conducted on 12 completed and occupied
commercial buildings in Washington State. Ecotope assessed compliance for key
components of the building that are likely to significantly influence building energy
performance. Compliance was reported for each major building system: envelope,
mechanical, lighting, and service water.

Ecotope, Inc.
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Enforcement Assessment. Ecotope interviewed building code officials of eight jurisdictions
located in Oregon, Montana, and Washington. In some cases, the Washington jurisdictions
included buildings reviewed in the compliance survey. The interviews were designed to
characterize the jurisdictions and their enforcement practices. The main goal of the analysis
was to determine whether the methodology can deliver detailed information on enforcement
practices that can be used to identify correlations between these practices and code
compliance in completed buildings.



Energy Performance Assessment. The final step in the Pilot Study was to assess the energy
performance of the small sample of buildings from the compliance assessment. Ecotope
collected electric and gas utility billing data for a minimum of 12 months for each building.
Building energy use was normalized, summarized, and disaggregated by end use. Total and
end-use energy use intensities (EUI) were used to correlate energy use and compliance in the
buildings. These EUIs were then benchmarked against a prior baseline study to test the
potential to identify progress in building energy use over time by building type.

This report includes detailed findings and study design recommendations for the sample design
and each of the three assessments Ecotope tested in the Pilot Study. These recommendations
include specific ideas for changes and improvements, as well as decisions that should be made
based on refined goals and priorities for a larger, regional code evaluation. An overarching
takeaway from the Pilot is that it confirmed that the central framework and strategies of this
methodology can deliver multifaceted and actionable findings. This framework can be used to
focus regional resources on a deeper understanding of energy use in new construction and the
relationship with energy code and enforcement practices over time.
The Pilot Study methodology was designed to gather and analyze data at a level that delivers key
feedback for decision-making as part of a larger evaluation cycle that can be sequenced in
phases. What has clearly emerged from the Pilot Study is the interdependent nature of NEEA’s
Current Practice:
► Buildings
► Enforcement

Code Initiative:
►Development
►Enforcement

Benchmarking

Ecotope, Inc.
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program code efforts. The evaluation methodology should mirror and fully leverage this
interdependency. The graphic below illustrates the role of this type of code evaluation within the
code development and implementation cycle.
The evaluation methodology first assesses current practice in new construction using a detailed
characteristics survey. The building characteristics can be used to assess code compliance and
provide a commercial new construction baseline. The code compliance findings can feed into the
development of a targeted enforcement assessment to understand current practices and the
relationship to compliance at the building system level. EUIs developed for the surveyed
buildings can be correlated with the compliance analysis for the buildings. The EUIs for whole
buildings and end uses can be benchmarked against previous new construction baselines and
then become the new EUI baseline for future code evaluations. The series of EUI baselines can
be evaluated over time to assess progress in the commercial new construction sector. The
findings and insights from these evaluation phases can then feed back into the development of
new codes and enforcement support strategies, which can then cycle back to inform the design of
the next assessment of current practices.
This vision for a regional code evaluation cycle can contribute to a tighter relationship between
NEEA’s code program efforts, market signals, and actual energy use in the new commercial
building stock across the Northwest. It allows the NEEA code program to be responsive to
ongoing market developments in new construction. The integrated code evaluation approach can
deliver diverse data, analysis, and insights within NEEA’s overall market transformation
framework. As the Pilot Study findings show, in some cases such as lighting, the codes may be
significantly lagging behind current practice and need to catch up to market shifts. In other
cases, the market may be lagging and needs a push using codes, new construction programs,
targeted enforcement training and support, and/or larger market transformation efforts focused
on the design community. The interaction of code development, specific energy efficiency
initiatives, and a consistent code evaluation framework can help transform new construction in
the commercial sector.

Ecotope, Inc.
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1.

Introduction

The Northwest Energy Efficiency Alliance (NEEA) contracted Ecotope, Inc. to conduct a small
Pilot Study to develop and test a methodology for commercial energy code evaluation. The
insights from the Pilot Study will be applied to a large-scale commercial code evaluation in the
Northwest. The methodology has an explicit energy focus and was designed to support efforts to
decrease energy consumption in commercial buildings. Initially, the Pilot was intended to focus
almost exclusively on an approach to commercial code compliance. However, it evolved into a
broader code evaluation in order to respond to a more diverse set of goals and research questions.
Code compliance is an important subset of the evaluation rather than the main objective. The
methodology therefore includes a field review and compliance assessment of completed
buildings, an enforcement assessment including interviews with building code officials, and an
energy performance assessment.
The need for significant improvements in commercial building energy performance requires a
better understanding of current practices in construction and code enforcement. Code evaluation
methodologies that only fine-tune how to measure compliance for individual measures and
deliver opaque compliance rates, without an understanding of the underlying building practices
or energy use associated with the compliance, provide limited insights for identifying program
opportunities.
To support the energy focus of the code evaluation, the compliance assessment method
developed for the Pilot Study does not attempt to determine compliance on a measure-bymeasure basis. Instead, it focuses on key determinants of energy use such as UA, lighting power
density (LPD), and specific mechanical and controls components to identify compliance and
compare compliance with the actual energy use of completed buildings. The objective of this
methodology is to get a better sense of how new commercial buildings are actually being built,
what level of code compliance is achieved, and how that compliance influences energy savings.

1.1. Background
Energy codes have been identified as a key strategy for meeting a number of energy planning
and policy goals, including: integrated resource plans; aggressive regional, state, and municipal
carbon reduction goals; and the Architecture 2030 Challenge. These goals increasingly depend
on dramatic energy reductions in new buildings. For example, the 2030 Challenge asserts that
“all new buildings, developments, and major renovations shall be carbon-neutral by 2030.”3
Washington state law mandates that new buildings permitted under the 2031 energy code use
70% less annual net energy compared to the 2006 code.4 In addition, many dense urban areas in
the Northwest are rapidly adding new commercial and mid- to high-rise multifamily buildings.

3
4

For more information, see http://architecture2030.org/2030_challenges/2030-challenge/.
For more information, see http://apps.leg.wa.gov/rcw/default.aspx?cite=19.27A.160.

Energy codes have typically focused on measures designed to deliver relatively small
incremental energy savings over time. Over the next decades, energy codes will need a major
overhaul to allow building designers and engineers to significantly decrease building energy
requirements. Code evaluations and compliance assessments must be geared to support this
transformation.
To meet policy goals and avoid lost opportunities for deep energy savings in new buildings,
energy codes must be more stringent, buildings must comply with these codes, and the codes
must actually deliver the increased efficiency that policies are counting on. Realizing these
outcomes will require an effective research strategy that can track code progress and guide future
code development and enforcement. However, the commercial sector currently lacks a reliable,
cost-effective, and repeatable methodology for measuring code compliance and evaluating
improvements in energy performance over time. A key driver for this code evaluation Pilot
Study was the need for alternative strategies that can deliver meaningful input for a number of
commercial new construction interventions, including code development and enforcement as
well as utility programs and initiatives.

1.2. Goals & Objectives
In developing the code evaluation approach, the project team held several working sessions to
refine goals and confirm various strategies for a comprehensive methodology that would be
relevant for a regional study. While grappling with the challenges inherent in designing a
meaningful and cost-effective methodology for assessing commercial code compliance, it
became clear that framing the study specifically as a “code compliance study” constrained the
uses of the data to a narrow, potentially misleading assessment of commercial buildings. A
general observation during the working sessions was that the stakeholder goals fell more under
the larger rubric of “code evaluation” rather than just “code compliance study.” The primary
focus of the Pilot Study shifted from compliance verification to a methodology for evaluating the
overall efficacy of code efforts in the commercial building sector.
The Pilot Study was designed to deliver a methodology that when fully applied in a larger study
would meet the following five goals:
1.

Identify major compliance gaps in code implementation and enforcement.

2.

Inform commercial code and program development.

3.

Inform enforcement efforts.

4.

Provide feedback on the efficacy of industry efforts.

5.

Provide an improved approach to estimating compliance and demonstrating the value of
codes.

Strategies for these goals coalesced around developing an actionable, meaningful definition of
code compliance in the face of limitations in observing the presence of code elements,
determining the impact of controls on compliance and energy savings, determining how well
code is enforced and whether enforcement and training can affect code compliance, and
assessing code impact via energy performance measurement (benchmarking) once buildings are
occupied.

To meet these goals the Pilot Study was designed to accomplish the following objectives:


Define energy code compliance in terms of building systems, including building envelope,
mechanical systems, lighting, and service water heating. Code language provides a variety of
paths and options meant to maximize the flexibility of designs. It does not provide a single
path or a consistent path through the code. This approach allows the analysis to ignore
requirements that are spurious to overall performance and to focus on the aggregate design of
each system.



Develop a compliance protocol based on system design and control requirements assessed
after the building is completed and occupied. The Pilot Study included completed and
occupied buildings in order to constrain onsite survey work to one site visit, and to allow for
an assessment of all building systems in their completed form.



Conduct onsite surveys and plan reviews using “as-built” records at the building, submittals
and documentation made during the construction process, and commissioning manuals (as
available).



Establish a prototype sample design that can be applied to each Northwest state when the
large-scale code evaluation is conducted. (A small convenience sample was used to recruit
the buildings for the Pilot Study.)



Develop and test an approach to assess energy code enforcement attitudes and procedures
among building officials.



Explore the relationship between code enforcement activities and compliance.



Establish the Energy Use Intensity (EUI) for a selection of surveyed buildings using a
consistent approach to utility bill collection and calculation of the overall building energy
performance. Disaggregate EUIs for major building end uses and compare with compliance
results for those end uses.

1.3. Previous Studies
Commercial energy codes have been evaluated in the Northwest on several occasions. The most
comprehensive was conducted in 1997 by Ecotope for the 1994 Washington State Energy Code.
In addition, code compliance was assessed in 1991 (for the 1989 Washington and Oregon energy
codes) and as part of NEEA-sponsored commercial baselines in 2001 (1997–1998 new
construction starts) and in 2008 (2002–2004 new construction starts). All of this work focused
on field evaluation of constructed buildings. Compliance focused on whole building
components, namely: envelope; heating, ventilation, and air conditioning (HVAC); and lighting.
This approach allowed an assessment of both compliance and baseline building practice.
National code compliance efforts have been jump started by requirements of the American
Recovery and Reinvestment Act of 2009 (ARRA), which prioritized performance metrics in
exchange for support in implementing energy codes across the region. One of the most recent
commercial code compliance evaluation methodologies was developed by Pacific Northwest
National Laboratory (PNNL) (PNNL, 2010). The methodology is a recent example of a
comprehensive approach to addressing the sampling, data collection, and analytical challenges
associated with commercial code compliance. Although the PNNL approach provides one of the
most relevant methodologies to consider in the development of a regional code evaluation

approach in the Northwest, the approach had some limitations. For the current Pilot Study,
Ecotope leveraged a number of the lessons learned from pilot studies conducted to test the PNNL
methodology in several states across the nation.
In general, the PNNL methodology was limited to a prescriptive, measure-by-measure review. A
key limitation of this approach is that it emphasizes absolute code requirements while deemphasizing the structure of the commercial codes around component tradeoffs. This limitation
can result in an understatement of compliance rates because modern energy codes are built
around component tradeoffs (especially in the envelope and lighting sections), and legitimate
tradeoffs may not be captured by this prescriptive approach.
The PNNL methodology assessed compliance on an individual component basis. The reviewer
was instructed to look at a sample of buildings as they were constructed and evaluate the items
observed based on the relevant energy code requirements. If the code requirement was met,
compliance was noted for that particular item in that particular building. Compliance was then
assessed as the percentage of all compliant measures reviewed in each building. However, there
was not a requirement to review every item in every building. Indeed, the construction schedules
would preclude such checks since the building reviews were designed to be conducted at many
stages of construction.
Another disadvantage of the PNNL approach is that the characteristics of the building as a whole
would not be assessed, only those code items that were observable when the visits occurred.
This approach requires considerable resources and time to recruit and review a sample of
commercial buildings but does not produce the necessary data to assess building-wide
compliance for individual buildings or the design features of the buildings that may have
compromised or enhanced its efficiency.
The net result of this approach is to prioritize compliance (as a ratio of code compliant measures)
over building energy use and the key determinants of energy consumption. This bias has the
effect of assessing the performance of the designers and building officials without assessing the
performance of the buildings in terms of energy use.
There are a number of additional statistical pitfalls to the PNNL and similar approaches skewed
toward component-level compliance. For example, multiple site visits to a particular building are
discouraged in the PNNL methodology. Thus, the result of the compliance assessment of any
one component is based on the subset of buildings that were in that stage of completion when the
site visit was conducted. Statistical rigor is also difficult to achieve because the building type
and size depend on both the building owner’s willingness to participate and on the stages of
construction available when field reviews are done. For example, the number of visits per key
stratum could be limited. Variance of buildings by type and size adds complexity to componentlevel compliance because the particular requirements are often different from other commercial
buildings. In such cases, the assessment of component-level compliance across all the portions of
the building would not be subdivided by building type. While overall compliance might be
defensible, summarizing by building type or other sampling subsets would be less credible.
Overall, it is difficult to interpret a compliance assessment strategy that is rooted in a review of a
wide variety of components and avoids the overall compliance of the individual buildings. An
evaluation of the energy code on the scale of building-level response and overall actual energy

performance would allow energy codes to be evaluated based on their effects on building
efficiency.

1.4. Key Methodological Challenges
Commercial codes in virtually all Northwest jurisdictions are actually an amalgam of three
prescriptive codes, each aimed at different parts of the building (envelope, mechanical systems,
and lighting systems). Within each code, the designer is allowed to trade off requirements within
the design context. In some cases, this tradeoff is obvious and traceable (e.g., heat loss rate of
building envelope components and glazing area, lighting power in one part of the building
against decreased lighting power in another part of the building). This feature complicates most
decisions on compliance. It also suggests that the underlying structure of a compliance review
should be subdivided into the four major commercial building code systems (envelope,
mechanical systems, lighting, and service water heating).
This conclusion is supported by the fact that in all but the simplest or smallest commercial
buildings, code compliance decisions are made by different people. Understanding this design
context is critical for effective code evaluation. The architect typically controls the building
envelope and decides on tradeoffs of building component performance that would allow the
design of the building to be executed; the mechanical engineer has complete control over the
mechanical system and compliance with that section of the code; and the lighting designer
develops the lighting system to meet the code LPD requirements and the lighting control
requirements. Each of these areas can and should be evaluated separately as cohesive systems.
The complexity of the commercial codes is further increased by a fourth code path available in
most energy codes: the energy performance path. This path allows designers to use an energy
simulation approach to trade off code components across the three major code sections. For
example, a large improvement in lighting efficiency (beyond code) can be traded off against
larger glazing areas and reduced envelope performance. However, actual building performance
is determined not by simulation results but rather by the components and controls installed in the
building. In spite of the fact that the performance path does not require compliance in any
particular system, these systems should still be evaluated independently against the relevant code
sections. There are no easy solutions to these complex issues when assessing compliance in the
new commercial building market using traditional approaches to measuring compliance. Hence,
studies need to refocus the evaluation of energy codes around their outcomes in completed and
occupied buildings rather than a narrow assessment of individual code requirements using
modeling or measure-level compliance checklists.
On the sampling side, difficulties arise from several factors. Commercial buildings vary widely
in their use, materials, systems, and time-to-build. The challenges posed by this heterogeneity are
compounded by the fact that anecdotal evidence suggests that compliance may vary by building
type, building complexity, and jurisdiction. These issues are further compounded by the fact that
there may not be enough buildings of particular type/complexity under construction at any given
time to allow a researcher to make statistically reliable projections from the sample to the whole
market.

Even if the sampling issues could be adequately addressed, system controls and implementation
present another set of challenges. The effectiveness of many key code elements requires controls
to be in place and have optimal settings (e.g., temperature setbacks, resets, and deadbands).
Estimates vary, but significant amounts of energy savings anticipated to flow from mechanical
and lighting code requirements are dependent on the implementation of controls. It is necessary
to identify the presence of controls and the behavior that optimizes the equipment in order to get
an accurate “measure” of compliance.

1.5. Study Limitations
The Pilot Study tested the key data collection and analysis techniques required to meet project
goals. This section discusses limitations to the Pilot Study methodology in relation to its use as a
larger, regional study.
The commercial sector is essentially characterized in contrast to the definition of residences.
With the exception of mid- and high-rise multifamily buildings, the commercial sector consists
of all buildings that are not homes, including the building-related aspects of industrial facilities.
The diversity of this classification ensures that any review of commercial building design will be
complex and will require certain accommodations to ensure a reliable characterization. There
are several limitations of this study that spring from this diversity:


This Pilot Study was designed to explore approaches to stratify the population of commercial
buildings in order to develop a representative sample that can characterize buildings across
the large range of sizes typical of this sector. However, the prototype sample does not
necessarily include the same diversity of building types that occur in the population. Thus
the sample might not be representative by building type while representing building size.



The representativeness of the sample depends on recruiting a set of buildings that are part of
the sample design. Each stratification division needs a minimum sample, and the need to
recruit these specific buildings can be both expensive and uncertain.



Field reviews require that documentation of the building components collected in the as-built
specification are representative of the building as built. In the commercial sector, design
professionals take the primary responsibility for the building design. This protocol assumes
that the as-built documentation they produce for the building is an accurate representation of
the building as built even when the field team cannot directly observe the building
component after the building is occupied.



Energy performance depends on a stable occupancy. In most building types, this assumption
is reasonable and the energy performance assessment includes careful review of billing data
for each building to identify potential occupancy variances. In some cases, however, it is
difficult to ensure that the occupancy is stable. If the occupancy is not stable, the energy
performance estimates will be biased low due to reduced energy use associated with reduced
demand.



The methodology developed in the Pilot Study will not be sufficient to address individual
measure savings regardless of sample size, but with modest samples large trends can be
recognized.

2.

Methodology

This section discusses an overview of the methods for each of the Pilot Study assessments:
compliance, enforcement, and energy performance. The findings sections include more detailed
descriptions of the methods for each assessment.

2.1. Prototype Sample Design
As part of the Pilot Study, Ecotope developed a prototype sample design to explore sample
design challenges and approaches for a larger code evaluation. The overall goal of the sample
design was to provide a broadly representative sample of new commercial construction in Idaho,
Montana, Oregon, and Washington. A full discussion of the prototype sample goals,
methodology, and results is included in Appendix A.
The Pilot Study compliance assessment did not use the prototype sample design. For the Pilot
Study, Ecotope recruited sites from a targeted list of building types and sizes in Washington
State.

2.2. Compliance Assessment
Code compliance was determined by reviewing completed and occupied buildings in a small
sample of 12 commercial buildings in Washington State. The building review included a
combination of code and as-built documentation as well as field review of building
characteristics. Compliance analysis focused on key components of the building that are likely
to be significant to the building’s overall energy performance.5 Ecotope conducted a compliance
assessment for each building system in all surveyed buildings: envelope, HVAC, lighting, and
service water. Compliance was first established for a subset of key code requirements for each
system, and these results were used to determine compliance for each system. Overall building
compliance was determined based on full compliance in each system.

2.3. Enforcement Assessment
Ecotope interviewed building code officials responsible for energy code enforcement. Officials
from a total of eight jurisdictions were interviewed, including four jurisdictions that included
buildings reviewed in the compliance assessment. The enforcement assessment characterized
each jurisdiction and energy code enforcement practices. In some cases, the interview results
were compared with the compliance reviews for buildings in those jurisdictions. The results of
these interviews were used to assess the utility of jurisdiction interviews in understanding the
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These judgements were made based on several sources: 1) Simulation-based code evaluation
conducted on energy codes over the last 20 years. These simulations use the suite of prototypes
developed for the region modified with audit information compiled in several baseline studies over that
period. 2) Feedback from design information developed by Ecotope in doing high-efficiency designs in the
Seattle area. These include a sensitivity analysis done for office buildings (NBI, 2011). 3) Detailed
review of the Washington State Energy Code, including review of each section of the code individually to
establish the actual key requirements. In some cases, these requirements may not be applicable for the
buildings reviewed but they allow an overall assessment for each building.

compliance and energy performance identified in the compliance and energy performance
assessments.

2.4. Energy Performance Assessment
The final step in the Pilot Study was to assess the energy performance of the small sample of
buildings from the compliance assessment. Ecotope collected electric and gas utility billing data
for a minimum of 12 months for each building. Building energy use was normalized,
summarized, and disaggregated by end use. Total and end-use EUIs were used to correlate
energy use and compliance in the buildings. These EUIs were then benchmarked against a prior
baseline study to test the potential to identify progress in building energy use over time by
building type.

3.

Compliance Assessment

3.1. Introduction & Goals
The Pilot Study compliance assessment was designed to gather new construction building
characteristics and assess compliance for a subset of components at the building system level:
envelope, mechanical, lighting, and service water.
The main compliance assessment goals included:


Develop and test a methodology to measure commercial code compliance.



Attempt to resolve methodological challenges associated with new commercial building
sampling, data collection, and analysis.



Link building characterization and compliance assessment goals.

3.2. Methodology
3.2.1.

Recruiting

Ecotope recruited and surveyed a total of 12 new commercial buildings. All compliance
assessment site visits were conducted in Washington State. The buildings were distributed
throughout King (without Seattle) and Pierce counties. A diverse subset of building types were
targeted to ensure that the compliance protocol could be tested on a variety of systems and
building types. The primary building types selected for the Pilot Study were Education,
Multifamily, Office, Other Health, Retail, and Warehouse.
Ecotope assembled a targeted recruiting list using the Dodge Data & Analytics
(www.construction.com) database of new commercial construction starts. The database included
construction starts from 2009 until the beginning of 2013 in order to capture completed buildings
with a high likelihood of being occupied for 12 to 18 months. Recruiters used contact
information from the Dodge data as a starting point for tracking down better contacts for the
individual buildings. Recruiters identified themselves as Ecotope representatives implementing
a code evaluation on behalf of NEEA. Multiple contacts were usually needed for each building in
order to gather documentation and to schedule site visits.
During recruitment, buildings were vetted for eligibility, code path, and construction type
(additions versus new construction). Eligibility was confirmed again during the site visits.
Building contacts agreed to allow a site visit and access to billing data. Recruiters then requested
as-built plans and other building documentation for the recruited sites (plans, commissioning
documents, testing/balancing results, and operation and maintenance manuals). This step
generally involved the project architect as well as the current building operator.
In a larger study, data from recruitment could be used to post-stratify the sample if there was
enough evidence to show that the recruited dataset differed from the assumed population found
in the cleaned Dodge data. For this type of recruitment, post-stratification is usually necessary to
correct for the uncertainty in these data source types.

3.2.2.

Plan Reviews & Onsite Surveys

The survey was conducted using a survey protocol focused on the characteristics of each
building system. The onsite survey form is located in Appendix B. Plan reviews and onsite
surveys used a paper-based survey form for collecting information. The form included the
following data:


General project characteristics (building types, areas, contact information, building
operations)



Code jurisdiction and code paths



Commissioning and documentation



Utility service and utility billing releases



Occupancy schedules



Lighting (interior, exterior, controls)



Mechanical (individual equipment characteristics, controls, fans, heat recovery)



Service water (individual equipment characteristics, water use types, circulation loops)



Envelope (individual component characteristics)



Miscellaneous (servers, pools/spas, other uses specific to certain building types)

As-built drawings and field observations were the primary data sources for assessing building
characteristics. Much of the form was filled out prior to the field visit, using information from
the recruiting call and plan review processes. Information was then verified in the field. Data
were transferred into an Excel workbook, one workbook per site. The workbook contained data
entry fields for key items related to the compliance analysis. The goal of the Excel workbook
was to provide a calculation tool for aggregated summaries, such as LPD and overall heat loss.
The workbook also provided areas for recording compliance logic and decisions, which were
often free-response based on the complexities found in the code language.

3.2.3.

Compliance Assessments

For each of the four areas of compliance (envelope, mechanical, lighting, and service water), the
plan review and onsite survey data were reviewed against the code requirements. The analyst
then manually assessed and recorded compliance as yes/no for each subcomponent of the review
and for each of the four main systems. Binary compliance logic was used to combine the
subcomponents and assess the overall compliance of each system. For example, if the interior
lighting power was not in compliance, the entire lighting system was listed as non-compliant
regardless of the characteristics or compliance of the other components of the lighting code. The
pros and cons of this approach are discussed in the Key Findings section below (Section 3.3).
Controls were reviewed, but in many cases insufficient data were available to assess compliance.
A deeper control survey was implemented on two of the 12 buildings in order to obtain better
information that can be used to assess code compliance for HVAC and lighting controls. The
results of this ancillary study are included in Appendix C

3.3. Key Findings
3.3.1.

Building Profiles

The Pilot Study compliance sites are located in the Puget Sound area and Spokane. Figure 1
shows the geographic distribution of sites. The graphic shows all the buildings in the Dodge
database from 2011 until early 2013. The lightest dots are the raw Dodge data sites that did not
pass screening. The next darker shade dots represent the screened sites that were not in the
selected recruiting geographies. The dark gray dots are the screened sites, and the red dots are the
12 Pilot Study sites.
Figure 1: Location of 12 Sites for Commercial Code Compliance Pilot
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Table 1 shows the general characteristics of the 12 Pilot Study sites. One site, 11805, had two
main functions, a retail spa and a real-estate office. In this case, two separate survey forms were
used and combined into one in the analysis. Site 12018 was the only site to use the performance
path, so in the table below and in all the graphics this site is presented last.

Table 1: General Characteristics of Pilot Sites
Area
Code
Type
Code Path
Lighting Path
(SqFt)
Year
11051
4,400 Warehouse 2009 Prescriptive
Unknown
11537
17,862 Med. Office 2009 Prescriptive
Whole Building
11678
2,700 Office
2009 Prescriptive
Whole Building
5,895 Office
Space-by-Space
11805
2009 Prescriptive
7,515 Other
Whole Building
12503
82,537 Schools
2009 Prescriptive
Whole Building
12504
83,913 Schools
2009 Prescriptive
Space-by-Space
12505
77,021 Schools
2009 Prescriptive
Whole Building
12512
74,433 Schools
2009 Prescriptive
Whole Building
12514 162,151 Multifamily
2009 Prescriptive
Whole Building
12608 132,808 Med. Office 2009 Prescriptive
Whole Building
12610 153,760 Multifamily
2009 Prescriptive
Whole Building
12018* 151,749 Retail
2009 Performance Performance
* Site 12018 was the only site to use the performance modeling path.
Site

3.3.2.

Compliance Assessments

Compliance for each of the four major areas of the code is shown in Figure 2. Each area contains
compliance subcomponents, which are discussed in the following subsections. Compliance is
based on the binary compliance logic discussed in Section 3.2.3, where if any subcomponent
does not meet the code, then the overall system does not meet the code and the overall building
does not meet the code. Using this setup, only half of buildings meet all four parts of the code. In
the Pilot Study, failure to comply was equally distributed across the envelope, mechanical, and
service water. All buildings complied with the lighting requirements used for the Pilot Study.
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Figure 2: Overall Compliance by Major Code Components

3.3.2.1.

Building Envelope Compliance

For envelope compliance, 11 of the 12 projects had enough information to evaluate compliance
for the overall heat loss of the building. The two buildings at project 11805 did not have enough
envelope information included with the submission forms, and envelope components were not
evaluated in the field due to the difficulty of accessing some of the components. For all projects,
heat-loss estimates for the code allowance and actual building performance are based on
calculating heat loss for individual components and aggregating the results. The heat loss rates
were derived from the specifications and details provided in the as-built drawings. In some
cases, additional information was included in the code documentation supplied by the
jurisdictions. Field checks of these details were very limited and only occasionally could be used
to confirm the assumptions made based on the permit and as-built sources.
Of the 11 projects evaluated for envelope compliance, two did not comply with the heat loss
specified in the code. One of the buildings used a performance approach to trade off other
components of the building to compensate for non-compliance of the envelope. The large
difference between the code requirement and the as-built heat loss for this building (35%) was
made up by an efficient lighting system with substantial savings in exterior lighting and interior
lighting through extensive use of light emitting diode (LED) technologies. In the other noncompliant building, the difference between the envelope requirements and what was built was
much smaller. Most of the shortfall was the result of an uninsulated slab on grade throughout the
entire building, which was a requirement of the 2009 Washington State Energy Code (WSEC).
Figure 3 compares the observed heat loss for the all the buildings reviewed and the code
requirements for those buildings. Ten of the 12 buildings did meet the code, although usually by
a small margin. The two smallest buildings in the sample (11051 and 11678) substantially outperformed the code requirements for building envelope.
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Figure 3: Building Heat Loss Estimate Normalized by Floor Area

3.3.2.2.

Mechanical System Compliance

The mechanical equipment requirements in the code generally vary with the system selected. In
summarizing the compliance of these systems, the compliance was developed in three categories:
equipment efficiency, economizer, and heat recovery. About half the sample did not require heat
recovery, but almost all buildings were required to meet the economizer requirements. Only one
building had no cooling equipment and was exempt from this requirement. The intent of the
original survey protocol was to assess the HVAC controls in these buildings; however, the data
for this controls review were not readily available. This approach was abandoned in favor of a
more complete controls survey in two buildings where sufficient information was available (see
Appendix C for the results of this ancillary controls review). It should be pointed out that the
controls requirements in the code are not operational requirements. Building operators are free
to change setpoints, deadbands, temperature resets, etc. as they see fit. Thus, even if noncompliance could be established, it is probably not an appropriate criterion to determine
mechanical system compliance. What can be determined is the capability of the control system
to deliver the code settings required.
Figure 4 shows HVAC system compliance. Three buildings did not pass the mechanical code
evaluation; one building failed to meet the efficiency requirement of the cooling tower, and two
other buildings did not have the necessary heat recovery for large ventilation systems. The one
building that did not meet the economizer criteria had an economizer in the main HVAC system,
which was a variable airflow volume (VAV) system, but did not economize the server and
equipment rooms as required by the code.
Figure 4: Mechanical Subcomponent Compliance
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3.3.2.3.

Service Water Heating System Compliance

Energy code requirements for building service water are a subsection of the mechanical code.
However, they were separated for this Pilot Study because they can be a significant part of the
overall energy use of many buildings, especially schools and multifamily dwellings. To evaluate
these systems, three requirements were selected:
1. The efficiency of the hot water tank or demand system
2. The presence of pump controls on circulating pumps
3. The presence of pipe insulation on the circulating loop (where applicable)
Circulating hot water systems are present in only some of the buildings, and compliance with
these requirements was considered only for the buildings where such a system was present.
Figure 5 shows that three of 12 buildings did not comply with the service water requirements.
Figure 5: Service Water Subcomponent Compliance
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3.3.2.4.

Lighting System Compliance

Lighting system compliance was developed with both interior and exterior maximum lighting
power requirements. In all cases, the lighting power requirements were met by the buildings
reviewed.
To varying degrees, all the buildings reviewed made use of LED lighting in their interior lighting
designs. In most cases, the LED technology was used to substitute for applications that would
have used incandescent lamps. Only the multifamily buildings used some incandescent lamps,
but in most of those cases they were part of the lighting in the individual units. Information
gathered on the interior lighting controls was insufficient to assess compliance with the
requirements of the energy code (see Appendix C for the results an ancillary controls review).
Figure 6 compares the interior LPD code allowance with the LPD of the Pilot Study buildings.
Overall, the LPD observed in these buildings was about 25% less than the code allowance in the
WSEC.
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Figure 6: Interior Lighting Power Density by Building
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Exterior lighting was often a significant part of the lighting power (although usually less than a
quarter of the interior lighting power). In the Pilot Study buildings, parking area lighting was
exclusively LED-based lighting, and many applications, such as walkways and building façade
lighting, were usually based on LED technologies. This approach typically resulted in substantial
reductions in exterior lighting power when compared to the allowances in the energy code. In all
cases, the exterior lighting controls were code-compliant, using either photocell controls or timer
controls to control lighting during daytime hours. Figure 7 shows compliance with the exterior
lighting allowance. The exterior lighting was normalized by building area to make them
graphically more comparable with one another and with the interior lighting summaries.
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Figure 7: Exterior Lighting Power Normalized by Building Area
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In the case of site 12018, the improvement in lighting power was used to provide the margin
needed for the building to comply using the performance path described in WSEC Reference
Standard 29 (RS-29). In this case, the envelope did not comply with the prescriptive standard nor
did the mechanical system, but the leverage provided by the lighting system led to a compliant
building.

3.4. Lessons Learned & Recommendations
3.4.1.

Recruitment

The compliance assessment required extensive automated and manual screening of recruiting
lists in addition to telephone screening and Internet research to establish eligibility and recruit
buildings. These efforts increased recruiting costs and delayed the field review timeline. The
Dodge dataset described in Section 3.2.1 is a good starting place for recruitment, but it was not
without challenges. There were some screening and data quality issues, but the main challenges
were caused by exogenous factors such as the economy and the timeframe chosen for the Pilot
Study building cohort.
Screening the Dodge data involves filling in missing data, translating categorizations, screening,
and ultimately manually sifting through the results to verify proper assignment. Even with this
effort, many buildings were contacted that did not meet basic screening criteria, thereby
plummeting the recruiting incidence rate and increasing the time required to find eligible sites.
The buildings in the sample timeframe used for the Pilot Study were permitted and built during
the economic downturn in the late 2000s, which was marked by a slow and often turbulent
recovery in the construction industry. As a result, the size of the new commercial building stock
available and reported in Dodge was relatively small.

In addition, a key part of the Pilot Study design was the assessment of energy performance in the
context of energy code compliance and response. This study design requirement added further
complexity to the recruiting process. The need to recruit buildings into the sample so that the
energy performance could be gathered at the same time as the survey (at least two years after the
certificate of occupancy) meant that the construction files and even the architect and contractor
were not reliable contacts. The owners and other contacts in the Dodge dataset had often
changed, and the operators were unaware of the documentation at the building.
These issues combined to deliver a response rate of about 24%. This response rate may not be as
problematic for an opinion survey, but for a commercial building field review a non-response of
75% could compromise entire sample strata due to limited sample available for certain building
sizes. This outcome could make post-stratification problematic. For the larger study, we
recommend sampling buildings from the Dodge dataset that are fairly close to completion or at
most a year after the “certificate of occupancy.” This strategy would help ensure that the
contacts from the Dodge data are more up-to-date and the building designers and owners are
more likely to remember the projects and have access to building documentation. If building
energy performance is to be gathered, a later phase would be needed after the building has been
occupied for about two years.
We also recommend offering a substantial incentive during the recruiting process. Considering
the length and character of a commercial building survey, the incentive may need to be $250 to
$500. These costs should be considered for future studies.

3.4.2.

Plan Reviews & Onsite Surveys

3.4.2.1.

Onsite Data Collection Form

The survey protocol developed for this review was based on the new construction protocol used
in the new commercial building characterization done between 2006 and 2008 (Baylon and
Kennedy 2008a). This protocol was designed to characterize the new commercial buildings
across the Northwest region. It was not designed to address code measures beyond the higher
level characteristics (e.g., LPD, UA, etc.). There are several areas where the survey should be
modified to meet the goals of a code compliance review:


Provide a better definition of sub-spaces, especially for lighting systems.



Review “Server” section to determine if the level of characterization is appropriate to a
compliance review.



Add occupancy sensor checks to the lighting control assessment.



Clarify the heat pump section, especially for variable refrigerant flow (VRF) and related heat
pumps.



Include heat recovery in the description of fan and ventilation systems.



Assess the equipment inventory to reduce items that do not affect energy code requirements.



Develop a default U-value for envelope component characteristics.



Develop solar heat gain coefficient (SHGC) and window U-values using National
Fenestration Rating Council (NFRC) default ratings.

3.4.2.2.

Data Collection Tool

The data collection tool used in the compliance assessment relied on a paper form filled out by
the surveyors. This approach has the advantage of allowing freeform data entry so that surveyor
observations and notes can be preserved. The disadvantage is that data collected in this form
must be processed and entered to facilitate analysis and compilation. Ecotope recommends using
an electronic data collection tool. This tool should be based on existing commercially available
energy surveying platforms. Such platforms should be reviewed based on the ability to
customize data collection based on the data needs for the code review.
3.4.2.3.

Plans Review versus Onsite Data Collection

Overall
The availability of drawing sets for each building was invaluable for determining energy code
compliance, both for timeliness of completion and accuracy. In many cases, the envelope
components could be evaluated only from plans. Further, the use of lighting and mechanical
schedules and drawings increased the accuracy of the onsite system characterization and ensured
that systems were not missed. Onsite visits were necessary to determine mechanical operations
(provided a knowledgeable staff member was able to provide this information), to characterize
windows, and to confirm and describe lighting, particularly exterior lights. Plans, permit
materials, and onsite findings generally aligned. The most frequent disagreements appeared to be
due to the use of default values, tables, components, and figures that were not properly updated
to reflect the specifics of the building. Overall, documentation was mostly accurate when it was
possible to verify it onsite.
The documentation available directly from the building department was more limited. In about
half the cases, the jurisdiction required and maintained the Washington Non-Residential Energy
Code (NREC) compliance forms. This form is not required in every jurisdiction, and
jurisdictions that did not use the form did not maintain documentation of energy code
compliance from the permitting process. In the past, some documentation was available at the
jurisdiction while the building was under construction, but we were unable to verify this factor
given the amount of time since the buildings had been constructed.
It was occasionally difficult to determine whether alterations to lighting, envelope, and
equipment had been made after the certificate of occupancy was issued. Some buildings which
had been in operation for more than a year had additional lighting installed, HVAC equipment
added, or spaces reconfigured. It was not always possible to determine when these deviations had
occurred. Surveyors generally recorded the building as found and noted when comments were
made by the operators.

Envelope
It was rarely possible to confirm envelope characteristics onsite. Occasionally, exposed
insulation and framing allowed for confirmation of that component. In cases where the energy
code compliance forms for envelope could be obtained, there were occasional deviations
between the U-value claimed and the component diagramed in plans. These were generally
misidentifications of component type and subsequent U-value assignment.
Most drawing sets contained typical assembly sheets which described the walls, roofs, and floors
in enough detail to determine approximate U-value. In more urban jurisdictions, code
compliance forms were frequently available from the jurisdiction that reported assembly Uvalues as specified by the architect.
Window schedules that were still obtainable a couple years after project completion mostly did
not provide information about the U-values, SHGC, thermal breaks, or assembly types of
windows, and this information was never available by observation of the windows. When code
compliance documentation could be obtained from the permit office or drawing tables, these data
were reported. Otherwise, it was necessary to approximate U-values based upon component
drawings and descriptions found in plans. Direct field observations were also helpful especially
when verifying low emissivity (low-e) coatings.

Mechanical
Equipment schedules were available, and access to equipment to confirm the systems was
possible at every site. In all cases, systems verified onsite aligned with those specified in plans;
if equipment was substituted, it was replaced with analogous equipment. Mechanical schedules
were available and could easily be compared to equipment in the field for almost all sites.
Conversely, controls drawings were available in only one case, evidence of commissioning was
not present in plans, and in most cases no commissioning records were found onsite.

Service Water
Service water schedules and equipment were readily available. There were no instances where
record drawing and field installation disagreed. In all cases, the efficiency of the water heater or
boiler could be confirmed from nameplate information onsite. However, it was not possible to
identify the R value of pipe insulation either onsite or from plans.

Lighting
It was straightforward to determine or confirm fixture counts room by room and correlate this
with fixture schedules and lighting plans, which were available for all cases. However, lighting
in mechanical spaces was occasionally not installed as shown on plans (which often noted lights
should be relocated as needed to accommodate equipment) and lighting installed in these cases
was generally less than what was called for in the plans. Conversely, exterior lighting, which was
often ill documented on plans to begin with, was increased from what had been indicated on
plans in two cases, and it was not possible to determine whether this happened after final
inspection and certificate of occupancy.
Occupants and architects were generally unaware of which compliance path had been used to
calculate building LPD. Ballast information for lighting was rarely reported, and ballast factor

was given only for some lights at one of the 12 sites. Onsite verification of ballast factors is costprohibitive and, in many instances, impossible to implement. The detail provided about energy
usage of lights varied greatly, with small sites generally having much less documentation than
large buildings. Best judgment was used to identify lamps in many of these cases; model
numbers and lighting schedules on as-built plans assisted in this effort. Lighting code compliance
forms were of limited assistance in identifying systems as their formatting does not require each
fixture or lamp to be identified. Therefore, they did not provide a quick alternative to detailed asbuilt and onsite data collection. Exterior lighting plans were commonly omitted from the drawing
sets. Generally, surveyors were able to assess and record actual fixtures and wattage for exterior
lighting in the field.

3.4.3.

Compliance Assessments

The technique used in analyzing code compliance in this Pilot Study involved a binary
aggregated approach. This binary approach is straightforward, but it is not very forgiving. For
each code requirement, the characteristic of the building was reviewed and compliance was
assessed. If the component was not compliant with the code requirements, it was deemed noncompliant. For example, if a building heat loss is above the maximum allowance, it receives the
same non-compliance score whether the excess is a mere 5% or a much more significant 50%.
This process was repeated for each code requirement reviewed, which in this study included
about a dozen separate requirements.
Another aspect to consider is the various possible goals of the compliance rate. For example, if
the compliance rate is intended to indicate enforcement performance, a binary approach is
desirable. The reviewed buildings were permitted and it is meaningful to better understand the
rate of “approved” and permitted buildings that actually do not comply. Alternatively, when
assessing the degree of compliance by the designers and the potential impact on energy use, it
may be more beneficial to determine a scale of non-compliance.
A non-binary alternative could be developed and be based on the relative importance of each
code requirement. This determination would be made in advance based on building use. This
approach requires a review of prototype buildings and an assessment of the impact of code
requirements on those prototypes. This technique has been used for more than 20 years to assess
commercial energy code impacts in the Northwest. Given this experience, many of the code
requirements could be weighted for individual building uses. Using component weighting, a
simple binary approach could be adapted to give a more nuanced assessment of non-compliance
for individual code requirements.
We recommend implementing both a binary and prototype-based weighted analysis in order to
address multiple compliance evaluation objectives. This approach can also be used to evaluate
the whole building across all components

3.4.4.

Prescriptive versus Performance Code Compliance

Performance-based code compliance has been a part of energy codes since the first commercial
codes were developed in the 1970s. The argument has been that code compliance that allowed
tradeoffs across major building components would lead to increased efficiency and design
innovation. This approach has been based on computer simulations that are difficult to review.
As a result, the performance analyses have been effective at increasing design flexibility but do
not necessarily result in improved energy efficiency or energy performance of code compliant
buildings. In this Pilot Study, one building out of the 12 reviewed used the performance path. In
that case, a very efficient lighting design allowed for a substantially less efficient envelope. In
addition, the building would have required some type of heat recovery ventilation, but the base
case modeling requirement does not include this requirement, and so the energy impact of the
system was not taken into account in the performance model. For this Pilot Study, we treated
non-compliance in this case as we did in the remaining buildings (in relation to the prescriptive
requirements). With the small sample, we could not compare the building with other compliant
buildings to see if the impact of the reduced envelope and HVAC performance was significant.
We recommend that future compliance assessments determine prescriptive compliance when
reviewing buildings permitted through the targeted performance path. This approach provides a
clearer picture of the compliance of major components. It also compensates for the fact that the
actual simulations and documentations are rarely available for review, and no real compliance
beyond the individual components can be assessed. It may be desirable, however, to count these
buildings as compliant overall in spite of deficiencies in particular components.

3.5. Compliance Assessment Recommendations
Key study design recommendations include:
Recruiting





Consider recruiting sites right before or after the certificate of occupancy is issued. This
timing will ensure that the relevant designers, owners, and code officials are still
actively engaged with the building and the permitting process. This approach could
improve the recruiting rate and reduce recruiting costs by ensuring more up-to-date
contacts and availability of documentation.



If the sites are recruited closer to the completion of the buildings, it may be possible to
coordinate the recruiting directly with the jurisdictions, thereby mitigating the
challenges of cold-call recruiting using contacts from the Dodge database described in
Section 3.2.1. However, this approach limits the number of buildings available at any
given point in the recruiting and would require ongoing coordination with jurisdictions
throughout the sampling and field review phase.



Include an incentive for the building contact (typically owner or manager) during the
recruiting process. Considering the length and character of a commercial building
survey, the incentive may need to be $250 to $500. These costs should be considered
for future studies.

Code Cycles & Timing





Considering the relatively small number of new commercial buildings built across the
region in each code cycle, it may be necessary to include more than one code cycle in
the larger study. This approach could improve recruiting rates and representation of
some building types.



Timing of assessments should support code development cycles in each state. For
Washington State, the compliance assessment should be complete by the end of 2017 to
support the 2018 WSEC code development cycle. At the time of this writing, the next
major revision to the Oregon energy code is scheduled for early 2019. The Oregon
compliance assessment should be complete by the end of 2018. Idaho and Montana
adopt the International Energy Conservation Code (IECC) with amendments. These
states will develop IECC amendments after the release of the next IECC in 2018.
Therefore, the Idaho and Montana compliance assessments should be complete after
2018.
Onsite Data Collection





We recommend using an electronic data collection tool for future code evaluations.
This tool should be based on existing, commercially available energy auditing
platforms. Such platforms should be evaluated on the ability to customize data
collection based on the data needs for the code review.



Whether in electronic or paper format, the survey form must be revised to ensure
alignment with code compliance assessment and characteristics of interest for each
future code evaluation (see Section 3.4.2.1 for detailed survey recommendations).



There should be some standard and ongoing characteristics included in the survey form,
but for each code evaluation, key measures of interest from the relevant code cycles
should be incorporated into the survey form so that compliance and prevalence in the
new commercial building stock can be assessed. This approach would help align the
code evaluation with the code development process, thereby creating feedback loops
for NEEA efforts to support development and implementation of the IECC, WSEC, and
Oregon Specialty code.



The Washington NREC compliance forms may be more widely used if they are revised
and transition to an electronic, online format. It is likely that that requiring these forms
would greatly increase their usability in tracking code compliance and code
documentation. In any case, widely used electronic forms would be very beneficial for
NEEA’s ongoing code evaluation efforts.



In addition to the compliance analysis, detailed characteristics collected for the
compliance assessment should be summarized to a degree that can be compared with
the previous NEEA commercial new construction baseline (Baylon & Kennedy 2008a).
These characteristics would constitute a recurring regional new construction baseline
that can inform future code changes and measure development for new construction
programs.



Compliance Assessment


We recommend assessing compliance for all buildings (including buildings permitted
via the targeted performance path) using prescriptive compliance (in relation to the
prescriptive requirements). This approach provides a clearer picture of the compliance
of major components. It also compensates for the fact that the actual simulations and
documentations are rarely available for review and no real compliance beyond the
individual components can be assessed.



We also recommend continued efforts to explore and define the most relevant and
actionable definition of compliance. The binary approach is technically accurate, but
may not be useful for understanding the degree or spectrum of compliance for
requirements such as UA and LPD. An alternative would be based on the relative
importance of each code requirement. This approach would require a review of
prototype buildings and an assessment of the impact of code requirements on those
prototypes. We recommend implementing both a binary and prototype-based weighted
analysis in order to address multiple compliance evaluation objectives. In addition, the
binary approach could be buffered by adding ± 5% to 10% to the compliance
determination to allow for analysis error.

4.

Enforcement Assessment

4.1. Introduction & Goals
A key factor in assessing commercial energy code compliance is the impact of direct building
department enforcement activities. The enforcement assessment included interviews with
building officials to explore enforcement practices, staffing levels, and training. The timing of
the field compliance assessment after the building has been occupied did preclude direct
observation of enforcement activities and procedures by the building departments. In a larger
study, this type of information could be used to analyze correlations between compliance and
differences in jurisdiction characteristics and activities. The pilot enforcement methodology was
intentionally quantitative in hopes of obtaining some concrete statistics that could be used for
this analysis. However, as the findings below indicate, it was difficult to obtain enforcement
tracking at a granular level. As a result, one of our overall recommendations is to shift to a more
qualitative approach focused on higher-level tracking data and jurisdiction and design
community attitudes toward enforcement and opportunities for improvement.
Representatives from eight jurisdictions were interviewed, including four with compliance
assessment sites in Washington and an additional four in Montana and Oregon. The interviews
were structured to characterize the building department and enforcement practices but also
included some open-ended questions.
The main goals of the enforcement assessment were to:


Test a methodology for understanding energy code enforcement procedures and priorities
among Northwest jurisdictions.



Determine whether the interview structure and questions can deliver useful data for assessing
the correlation between jurisdiction commitment to code enforcement and actual code
compliance as determined by plan reviews and site visits of completed buildings.



Provide recommendations for how to implement the code enforcement assessment as part of
a full-scale commercial code evaluation study.

4.2. Methodology
4.2.1.

Structured Interview Questionnaire

The questionnaire consisted of 48 questions covering:


Building department characterization



Energy code enforcement activities



Staff energy code training



Overall attitudes toward energy code review and compliance in the respondent’s jurisdiction

The questionnaire was partly informed by the State Energy Code Jurisdictional Interview6
developed by the U.S. Department of Energy Building Energy Codes Program (BECP). The
enforcement questionnaire for the Pilot Study is more detailed than the BECP survey and
includes the following sections: jurisdiction profile, training, compliance enforcement processes,
technical support, and attitudes. The findings for the enforcement assessment are broken out into
these general sections and also include detailed feedback on specific questions. The
questionnaire was designed to take less than 60 minutes to implement. A copy of the jurisdiction
questionnaire is included in Appendix D.

4.2.2.

Jurisdiction Sample & Recruiting

In order to assess the correlation between jurisdiction practices and code compliance in surveyed
buildings, the enforcement assessment targeted four Washington jurisdictions with the highest
concentration of surveyed buildings. In addition, Ecotope recruited two jurisdictions in Oregon
and two in Montana. The recruiters started with general building department contacts and phone
numbers. An effort was made to recruit the most qualified representative, preferably with the
ability to answer questions about both plan review and inspection practices. In some cases, more
than one representative participated in the interview in order to provide a more complete
response.

4.2.3.

Survey Data Collection

The data collection started during the recruiting phase. Recruiters requested a copy of the
department’s annual report (where available) and provided jurisdictions with a copy of the
questionnaire. Recruiters requested that the contacts fill out as much of the questionnaire as
possible prior to the interview. The intent was to obtain jurisdiction and enforcement details prior
to the interview so that interviewers could focus interview time on open-ended and follow-up
questions. Some jurisdictions provided annual reports and completed questionnaires, which
enabled interviewers to test the survey with varying levels of advance information.
Two of the interviews were conducted in-person and six were conducted by telephone. Three of
the interviews were conducted by interviewers with extensive background with the WSEC. A
trained survey researcher performed the remaining interviews.

4.2.4.

Enforcement Analysis

Ecotope developed an enforcement data entry form and database in Excel. Questionnaire data
were entered and checked for quality and consistency. In some cases, Ecotope requested
additional details from jurisdictions to ensure correct totals for quantitative questions such as
number of permits and staffing levels. Responses to all questions with sufficient data were
summarized. In addition, analysts tried to assess the correlation between the jurisdiction
enforcement practices and the compliance found in surveyed buildings in those jurisdictions. In
particular, analysts looked at the potential influence of jurisdiction population, staffing levels, inhouse versus third-party review, and plan review practices for individual code requirements.
Since the Pilot Study sample was not representative, this analysis was intended to provide

6

See https://www.energycodes.gov/sites/default/files/documents/JurisdictionalSurvey.doc.

insights into the enforcement assessment methodology and its ability to answer these types of
research questions.

4.3. Key Findings, Lessons Learned, & Recommendations
The following discussion presents the salient findings and lessons learned from the interviews. In
order to provide focused recommendations on the interview questionnaire content and structure,
the findings are presented according to the sequence of questions in the questionnaire. Refer to
Appendix D for the full interview questionnaire.

4.3.1.

Jurisdiction Profiles

4.3.1.1.

Overview of Jurisdictions and Representatives Surveyed (Q#1–7)

The enforcement assessment surveyed eight jurisdictions, all of which were cities. As shown in
the graphic below, the cities serve populations ranging in size from 25,000 to slightly over
200,000 people.
Figure 8: Population Served by Local Jurisdiction

In five of the eight jurisdictions, a single individual participated in the interview. Two to three
individuals participated in the interview in the other three jurisdictions. The staff participating in
the interviews included: five building officials, one plans examiner supervisor, three plans
examiners, and one field inspector.
Although each building official has a broad overview and can provide annual reports and
permitting statistics, the actual code enforcement staff provided the most detailed responses.
Consequently, it is recommended that plans examiners and field inspectors (preferably both) be
interviewed whenever possible. At a minimum, the questionnaire should be sent out ahead of
time, so that building officials can consult with plans examiners and field inspectors as necessary
to be able to fully answer questions.

4.3.1.2.

Permits Issued: Number, Square Footage, and Valuation (Q#8–9)

Detailed tracking data are required to assess the relationship, if any, between building
department workload, resources, and compliance. However, it was difficult to obtain data in a
consistent format from jurisdictions on construction permits. Some jurisdictions do not track or
report detailed permit information such as the total number of permits or valuation broken out by
building system. Other jurisdictions provide the data for an hourly fee.
Information on square footage of buildings was difficult to get; only one jurisdiction provided
square footage. In some instances, the jurisdictions did not track square footage; in others they
did not provide it in response to several attempts to collect it.
Given the absence of information on square footage, we attempted to collect data on permit
valuation to gain a sense of the magnitude of the construction taking place in each jurisdiction.
However, an obstacle was encountered here as well as jurisdictions do not have a common
method for categorizing permits. For example, jurisdictions typically distinguish between
residential construction and commercial construction; however, their definition of commercial
often does not align with the WSEC.7 The combination of these factors made it difficult to tease
out enough comparable data to analyze. Table 2 presents the permit totals for the jurisdictions
that were able to provide this information.
Table 2: Total Number of Permits for Key Permit Types Related to the Energy Code

Jurisdiction

Building Types

Building
Permits

Mechanical
Permits

Electrical
Permits

Plumbing
Permits

MT4

Res+Comm

1427

1097

1085

944

WA8

Res+Comm

2649

1972

616

1138

WA8

Comm only

1231

373

150

306

Test Location

Res+Comm

1120

741

917

741

It is not possible to obtain permit and valuation tracking data at a granular level (e.g., making
distinctions between code sections). Though specifics on permits issued by category and square
footage are lacking, it is possible to use less detailed permit and staffing levels to develop an
indication of code enforcement resources. Even the ratio of overall permits issued and/or
valuation of permits issued per staff member provide insight as to whether a jurisdiction is likely
to perform more detailed reviews of permit applications and field inspection of construction, or
less detailed reviews compared to other jurisdictions. With a broad enough sample, ideally these
staffing ratios could be used to determine correlations with commercial building compliance. We
recommend that interviewers request data for the total number of permits, and the corresponding
total valuation for those permits, without attempting to distinguish sector or building system
splits.

7

Under the WSEC, multifamily dwellings taller than three stories are classified as commercial
construction.

4.3.1.3.
14)

Agency Funding and Staffing for Commercial Energy Code Enforcement (Q#10–

These questions were designed to obtain information on agency funding sources and staffing
decisions regarding energy code enforcement. Jurisdictions readily provided responses to these
questions, and the data are suitable for both summaries and compliance correlations. In a larger
study with a representative sample, these insights could be used to assess whether compliance
rates correlate with different types of funding sources or the use of jurisdiction staff versus third
parties for plan reviews and inspections.
In five of the eight jurisdictions, 100% of the funding for commercial energy code enforcement
was from revenue taken in for permits. In one jurisdiction, the funding source was 25% from
permit revenue and the remaining 75% directly from the jurisdiction’s budget. In another
jurisdiction, the funding source was 100% directly from the jurisdiction’s budget. In the
remaining jurisdiction, the building department did not do any direct commercial energy code
enforcement, and the permit applicant was required to hire a third party to perform the plan
review and field inspection of the construction. Consequently, the applicant directly paid a third
party, and the building department did not receive any funding to do this work. All the
jurisdictions that performed their own commercial energy code enforcement said that this work
was done as part of overall plan review or field inspection, rather than as a distinct activity
performed by specialized staff. In the future study, the interview should further explore
jurisdiction attitudes regarding this arrangement. For example, do they feel that having
specialized staff would lead to better energy code enforcement?
Figure 9 presents the percentage of in-house versus third-party review for each jurisdiction. With
three exceptions, the jurisdictions performed the plan review in-house for the building envelope,
mechanical system, lighting system, and service water heating system requirements in the
commercial energy code. In one jurisdiction, half of the plan review work was done by a third
party for all requirements in the energy code. In another jurisdiction, almost all of the plan
review work was done in-house, except that less than 5% was outsourced to a third party on an
overflow basis only. As noted above, the building department in one jurisdiction required the
permit applicant to hire a third party to do the plan review for requirements in the commercial
energy code.

Figure 9: Responsibility for Energy Code Plan Review (Question 13)
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Figure 10 presents the percentage of in-house versus third-party review for field inspections in
each jurisdiction. The results for inspections align closely with plan reviews, with one exception.
In one jurisdiction, almost all of the field inspection work was done in-house, except inspections
concerning the building envelope requirements for building air leakage testing and
commissioning for the mechanical and lighting systems.
Figure 10: Responsibility for Energy Code Inspections (Question 14)
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This series of questions delivered complete information for the analysis. In addition, it would be
useful to compare the staffing information to the results of the compliance assessment. For

example, in this small sample there were differences between projects where the jurisdiction
reviewed the application in-house versus the jurisdiction that required a third party to do the plan
review and field inspection. When conducted with a larger, representative sample of buildings,
this type of comparison could provide useful insights into the impact of third-party enforcement
on code compliance.
4.3.1.4.

Detailed Staffing Allocations for Energy Code Enforcement (Q#15–17)

This series of questions is designed to better understand full-time equivalent (FTE) staffing ratios
for commercial energy code plan review and inspections; Jurisdictions often do not track FTE
staffing allocations by sector or code section, so specific energy code enforcements activities
could not be separated. As an alternative approach, the interviewers obtained more general
staffing information for all code activities and then attempted to ask additional questions that
could be used to approximate the portion of staff time allocated to commercial energy code
enforcement. Figure 11 presents the staffing totals for jurisdictions that provided total staffing
information.
Figure 11: Total Staffing Levels for all Energy Code Areas (Question 15)
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Jurisdiction staff worked on a range of building types, and jurisdictions did not track the time for
these separate categories. Generally, the respondents could estimate what percentage of the
work for building permits, mechanical permits, electrical permits, and plumbing permits was for
“residential” buildings versus that for “commercial” buildings. They also provided percentages
for individual commercial code sections such as envelope and mechanical.
In sum, the data collected for these questions were more qualitative in nature than was expected
prior to conducting the study. Nevertheless, there seemed to be some evidence that more time
was spent on energy code enforcement of the building envelope and mechanical system
requirements than on the lighting system and service water heating system requirements. Figure
12 presents the percentage of total FTE devoted to energy code enforcement. Further, the amount

of time spent on energy code enforcement for commercial buildings seemed to range from 10–
15% of the total staff time spent on code enforcement for commercial buildings, though this did
range down to as low as 0% for service water heating in certain jurisdictions.
Figure 12: Percentage FTE on Energy Code Tasks (Question 15) 8
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These staffing questions, when kept at a high level, can provide useful data for exploring the
relationship between staffing levels and compliance.

4.3.2.

Training

4.3.2.1.

Staff Training (Q#18–21)

In order to focus regional support for code enforcement training, it would be helpful to know if
increased training correlates with better compliance and, if so, what types of training do the
jurisdictions feel would have the biggest impact on compliance. Figure 13 presents the
percentage of jurisdictions providing training. All of the jurisdictions except one reported that
staff generally had training on all portions of the commercial energy code. One other jurisdiction
reported that training for staff in their group was limited to the building envelope and mechanical
system requirements in the commercial energy code.

8

Note that OR1 did not provide an estimate for this question and WA7 uses third-party inspectors and,
therefore, could not provide FTE estimates.

Figure 13: Commercial Energy Training Available (Question 18)
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Training tended to be periodic. Several jurisdictions reported on-the-job training. In some cases,
staff members were required to maintain professional certification.
The number of hours of training on the commercial energy code that staff received during a
three-year code cycle was never more than eight hours, and as few as one hour each for the
building envelope, mechanical system, lighting system, and service water heating system
requirements.
Most of the training was received in the classroom or in webinars. Some jurisdictions indicated
that since it is not practical to close the department down for a whole day for training, they prefer
training that can fit into a one-hour weekly staff meeting or a similarly brief webinar. On the
other hand, a half-day or full-day class out of the office provides an opportunity to focus without
the other distractions. In this case, staff must rotate through offsite training to minimize
disruptions to enforcement work.
Overall, the responses to this set of questions serve primarily as a needs assessment. Although
this information provides some perspective on training levels, it is not clear that this is integral to
an enforcement assessment. Alternately, these questions could be useful if they are oriented
toward investigating how jurisdictions perceive the relative importance of training for improving
enforcement and increasing compliance. We recommend keeping this series of questions and
enhancing it with more qualitative, open-ended questions.

4.3.3.

Compliance Enforcement

4.3.3.1.

Compliance Paths (Q#22–25)

These questions are intended to quantify the percentage of projects taking the prescriptive
compliance path versus the performance path (modeling). This information is useful for
understanding the nature of the enforcement reviews implemented by the jurisdictions.
Prescriptive compliance reviews require somewhat different skillsets, training, and level of effort
than reviewing models and other documentation for performance path compliance. Compliance
path information was not directly tracked by any of the jurisdictions, but the respondents
provided estimates. Figure 14 presents the distribution of code paths used across all jurisdictions.
The responses align with generally held assumptions about the split, namely that most projects
choose the prescriptive compliance path with only about 5% going the modeling route.
Figure 14: Code Paths Used in Jurisdictions (Question 22)

OR1
OR2
MT3
MT4

% Whole Building
Performance

WA5

% Prescriptive

WA6
WA7
WA8
0%

25%

50%

75%

100%

For these questions to be more useful, the jurisdictions should be asked their opinions about the
relative difficulty of enforcing the performance path. In addition, for the building envelope, we
recommend subdividing the categories for the building envelope into three: prescriptive, target
UA/SHGC, and COMcheck.9
Jurisdictions were also asked about the distribution of space-by-space versus the building area
method to determine lighting compliance. As Figure 15 shows, jurisdictions reported a wide
range of estimates as an answer for this question. It is apparent that the question would need to
be more specific to deliver a usable assessment. In general, the building area compliance method
was favored over the space-by-space compliance method in all three states.

9

COMcheck is the U.S. Department of Energy commercial energy code compliance tool used in some
Northwest states. See https://www.energycodes.gov/comcheck for more information.

Figure 15: Lighting System Compliance Option Chosen by Applicant
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Performance

Average Hours for Plan Review and Field Inspection (Q#26–27)

Only two jurisdictions attempted to provide a numerical estimate of hours spent on plan review
and field inspection. Others replied that the answer varied widely, or that there was “no real
average” and they did not want to guess. We recommend deleting these questions. They provided
limited information and are largely redundant to the questions discussed in Section 4.3.1.4
focused on staffing allocations for energy code compliance.
4.3.3.3.

Plan Review and Field Inspection Practices (Q#28–29)

These questions were designed to determine whether jurisdiction energy code reviews were
comprehensive and, if not, which building systems were receiving more or less review. Because
of the high-level nature of the questions, we were not able to explore these topics with enough
care to provide us confidence in answers provided. The interviewers recognized this early in the
interview phase and added a series of specific follow-up questions. These questions targeted
specific energy code requirements for each of the building systems.
In general, the respondents were receptive to the additional questions, though better answers
could probably have been obtained from building officials if they had seen the questions
beforehand and been able to check with their plans examiners and field inspectors. With the
more detailed questions included in the full-scale study, the responses could inform enforcement
training efforts by revealing what energy code requirements are being checked, why they are
being checked, and whether those practices align with more or less compliance across each state.
We recommend adding the detailed questions relating to a selection of specific code
requirements. In addition, these straightforward detailed questions would be better suited for a
pre-questionnaire and should be included in an online survey. This approach would allow
respondents to quickly work through the questions and seek input from other staff where and
when appropriate in order to provide complete responses.

4.3.3.4.

Information Available During Field Inspections (Q#30)

The jurisdictions unanimously reported that approved plans were available during field
inspections. In most cases, checklists and code books were also available. This question does not
provide significant insight into jurisdiction behavior and we recommend removing it.
4.3.3.5.

Acceptance of Compliance Forms in Lieu of Plan Review (Q#31)

Six of the eight jurisdictions reported that they do not accept compliance forms in lieu of doing
their own plan review for commercial energy code compliance.
This question provided additional background information, but it should be relocated to the
section on questions about the enforcement process, perhaps after questions 2225 (see Section
4.3.3.1), to provide a more logical flow to the interview.
4.3.3.6.

Impediments & Limitations (Q#32–33)

Jurisdictions reported a broad range of impediments and limitations experienced in the
enforcement process, many of which have been commonly reported in the past such as staff
training, incomplete submittals, and code complexity (see Figure 16). This question may seem
like just an opportunity for respondents to share some of their frustrations and enforcement
challenges. Nevertheless, it still could be relevant for this enforcement assessment methodology.
For example, it would be useful to have the jurisdictions rank the significance of each challenge
and for the interviewer to ask some more probing questions about what the respondents think is
driving these challenges and what their ideas are for resolving them. Admittedly, this line of
questioning would start to veer more toward a needs assessment, but it would remain germane if
it sustains its focus on the relationship between enforcement and compliance.

Figure 16: Impediments Identified by Jurisdictions (Question 33)
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Common Non-compliance Issues for Plan Review and Field Inspection (Q#34–

These questions are the first in a sequence of questions designed to describe which building
features are out of compliance with energy code requirements, whether correction memos are
issued for non-compliant features, and most importantly whether “red tags” are issued that delay
construction and/or the certificate of occupancy until corrections are made. The questions
together are intended to help identify a relationship, if any, between more rigorous and restrictive
enforcement practices and compliance rates. Figure 17 and Figure 18 present the common areas
of non-compliance for plan reviews and inspections, respectively. For plan review, building
envelope sealing was the only issue that at least half of the jurisdictions reported as being a
common non-compliance issue. Non-compliance with lighting controls was reported by three of
the jurisdictions. For field inspection, some issues were reported with similar frequency. Others
were not mentioned; including lighting power, HVAC specifications, and window specifications.
The structure of the questions was too generic to correlate with the subsequent corrections memo
and red tag questions, or with compliance findings for surveyed buildings. For example, the
questions asked respondents to identify which of a selection of building features most often do
not comply in their jurisdictions. We recommend revising these questions to ask what percentage
of projects typically does not comply with requirements such as lighting controls, LPD, and
window areas/specifications, etc.

Figure 17: Common Areas of Non-compliance, Plan Review (Question 34)
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Figure 18: Common Areas of Non-compliance, Inspection (Question 35)

Lighting
Controls
Lighting
HVAC
Controls
HVAC

% of Jurisdictions

Win. Specs
Env. Sealing
Envelope
0%

50%

100%

4.3.3.8. Red Marks and Correction Memos (Q#36–38)
Most jurisdictions reported using red marks and correction memos for communicating
non-compliant building features to applicants. However, whether or not they use corrections
memos in general across all building systems and code requirements was not clear from their
responses. We suggest breaking the questions down by building system at a minimum and,
potentially, by the list of building features used in questions 34 and 35. For example, “What
percentages of the following features typically receive corrections memos?” Or, “Do you issue
corrections memos for the following features, Y/N?” The responses to these questions could be
used to correlate the features receiving corrections memos with the features that the jurisdictions
identify as the most prevalent non-compliant features. These questions are meant to assess if the
correction memos that complicate the permitting process are a part of all aspects of the energy
code enforcement. The responses to these questions could be correlated to the level of
compliance observed (see questions 39 and 40, discussed in Section 4.3.3.9).
4.3.3.9.

Delays in Construction and Certificate of Occupancy (Q#39–40)

All jurisdictions but two reported that failure to comply with the commercial energy code does
result in delays in construction and certificates of occupancy. This information could be
correlated to compliance as well as energy use if the level of detail for these questions aligned
with questions 34 to 38, discussed in Sections 4.3.3.7 and 4.3.3.8. We recommend breaking these
questions down by building features to determine whether non-compliance has consequences in
the form of construction delays and whether these consequences correlate, on average, to
building compliance as seen in as-built drawings and onsite surveys implemented during the
compliance assessment.
4.3.3.10. Code Requirements Prioritized by Jurisdictions (Q#41)

Interviewers asked respondents whether their jurisdictions prioritize any aspects of the
commercial energy code and, if so, to describe the methods and criteria. Only one out of eight
respondents indicated that the jurisdiction prioritizes certain items. This finding indicates that
either the jurisdictions do not have a standard approach to prioritizing the energy code or this
question is not an effective way to reveal formal or de facto prioritization. We recommend
replacing this question with a ranking question including a list of the high-impact code
requirements assessed in the compliance assessment. For example, a question such as, “Please
rank the level of review for each of the following code requirements with ‘1’ indicating a
comprehensive review, ‘2’ indicating a moderate review, ‘3’ indicating spot checking, and ‘4’
indicating no review.” We also recommend adding follow-up questions asking if there are other
requirements not listed that are prioritized by jurisdiction staff.
4.3.3.11. Record Retention (Q#42–44)

The questionnaire included several questions relating to record retention by the jurisdictions. The
purpose of these questions was to provide the evaluation team with information on what
additional documentation may be available for reviewing specific buildings for the compliance
assessment. Although these questions are not directly germane to the enforcement assessment,
we recommend keeping them to help inform subsequent compliance assessments. Information on
what permitting documentation is available from the jurisdictions could help inform the onsite
survey protocol.

4.3.4.

Technical Support

4.3.4.1.

Technical Support Available and Desired (Q#45–47)

Interviewers asked respondents what type of technical support is available in the respective
jurisdiction, whether they have requested such assistance, whether it was effective, and what type
of additional technical assistance would help the jurisdiction enforce the commercial energy
code.
The respondents for most jurisdictions reported a specific person in an agency or organization
that they rely on when technical issues come up that they need assistance with. Consequently,
staff members in most jurisdictions know of resources that they can call on. For one jurisdiction,
however, the response indicated that technical support did not exist for the commercial side of
the energy code.
Respondents for all but one jurisdiction reported requesting technical assistance at some point in
the past. The technical assistance was considered to be very effective in five of those seven
jurisdictions, somewhat effective in one jurisdiction, and not very effective in the remaining
jurisdiction.
The type of technical assistance desired varied, including wanting: a help line; immediate
training on the 2015 energy code so as to be able to answer questions from applicants; a
prescriptive commercial field guide similar to the residential field guide; quick references to
check U-factor calculations for unusual assemblies; sharing answers to questions that have been
brought up previously; and a contact list of issue experts.
These questions were effective for obtaining jurisdiction feedback. We recommend focusing
them more directly on compliance enforcement with more open-ended questions designed to get
input on what the jurisdictions feel is driving compliance in the market and what strategies or
technical support, for both jurisdictions and the design community, do respondents think would
significantly increase compliance rates.
4.3.4.2.

Lessons Learned to Share with Other Jurisdictions (Q#48)

Interviewers asked the respondents what lessons learned or tips they would like to share with
other jurisdictions. The jurisdictions provided a range of responses, including: take energy code
training classes; maintain staff specialized in the commercial energy code; hold regular staff
meetings to discuss issues as a team; maintain enough staff to be able to send people out for
specialized training; purchase a copy of American Society of Heating, Refrigeration, and AirConditioning Engineers (ASHRAE) Standard 90.1; encourage architects and designers to get
energy code training; try to maintain consistent application of code requirements with adjacent
jurisdictions.
We recommend keeping this question. Although it does not directly contribute to the
enforcement assessment, assembling lessons learned from jurisdictions and including them in the
enforcement assessment report would provide jurisdictions with a range of useful strategies from
a wide variety of jurisdictions.

4.3.5.

Interview Format and Background of Interviewer

Although the sample size was small, some preliminary conclusions can be drawn regarding the
interview format (in-person versus telephone), and the background of the interviewer
(experienced code official versus person without specific code enforcement experience).
One of the unknowns being tested in the Pilot Study was whether an in-person interview would
yield additional or better information than an interview conducted over the telephone. In this
case, there appeared to be no discernable difference. Conducting the interviews by telephone is a
workable approach; no clear benefit was obtained by doing the interviews in-person that would
justify the additional transportation time.
Sending out the questionnaires prior to the interview always appeared to be beneficial and is
strongly recommended for future code enforcement studies. Another option would be to have an
online questionnaire that could be completed electronically. In any case, having the jurisdiction
see the questions and have time to prepare a response should yield better information than simply
asking questions to someone who is unprepared. The jurisdiction representatives should include
both a plan reviewer and a field inspector that can provide detailed responses regarding review
and inspection activities online. An online survey would also provide respondents more
anonymity than an interview that potentially includes their supervisor.

4.4. Enforcement Assessment Recommendations
Although not a statistically significant sample, summaries and analysis of the enforcement
assessment findings were useful for determining the types of insights that could be obtained via a
larger enforcement assessment with a larger sample of jurisdictions and a much larger sample of
buildings. The enforcement assessment proved to be a potentially very useful adjunct to a
compliance and energy performance assessment. When detailed compliance process questions
are asked, it should be possible to correlate responses with the compliance findings for the
surveyed buildings. The following list is a summary of key recommendations for a larger
assessment:


To help guide the research strategy and interview focus, implement an “environmental scan”
of the building department operating environment. Gaining a better understanding of the
internal and external drivers for enforcement behaviors, priorities, and decisions could
provide meaningful insights into alternative leverage points and strategies for moving beyond
a jurisdiction-centric approach to code enforcement support. The scan would include the
roles, responsibilities, and leverage of actors such as the states, designers, NEEA, utilities,
the Northwest Power and Planning Council, and other supporting associations and
organizations. Mapping these relationships could also feed into the development of the
enforcement assessment questionnaire.



Create a research logic model that clearly responds to stakeholder objectives, how they will
use the findings and data, and specifically how the assessment methodology and activities
will deliver on those objectives. The stakeholders should include analysts, as well as planners
and evaluators, to ensure that the correct data are delivered.



Ensure that the results of the study would be useful to jurisdictions that may be interested in
seeing the results. This factor may be helpful in encouraging participation.



The interview should further explore jurisdiction attitudes regarding compliance,
enforcement, and what respondents feel could be done to increase compliance either by
jurisdictions directly or by outside organizations and/or the design community. In this sense,
the interview should focus more on gathering ideas from the jurisdictions. For example, do
they feel that having specialized staff would lead to better energy code enforcement? If so,
what would it take to implement this, and what type of support would they need? These types
of questions would expand the research scope beyond assessing the relationship between
compliance and current jurisdiction practices.



Ensure that the survey team includes staff experienced with commercial codes and
enforcement in the Northwest. This would be particularly important if most of the detailed
yes/no and ranking questions are moved to the online survey and the interview requires a
deeper level of engagement than a typical survey.



Implement the compliance assessment (including analysis) prior to launching the
enforcement assessment. This sequence will allow the project team to fully leverage the
compliance findings for the development of the enforcement questionnaire. Also, the
building surveys for the compliance assessment must be completed prior to the enforcement
assessment so that recruiters can target jurisdictions where surveyed buildings are located.



Align the enforcement questionnaire with the exact components and/or systems that are
analyzed for the compliance assessment. This will ensure good one-to-one alignment
between the two research areas. Refine key metrics for enforcement/compliance correlations
and ensure good data for those key metrics, such as number of permits versus number of
staff, in-house versus third party, detailed information on construction delays, etc.



Work more directly with the states, utilities, and building officials associations to recruit
jurisdictions and implement the survey. This approach may reduce recruiting time by
establishing legitimacy and getting buy-in ahead of time.



Recognize that the enforcement assessment will entail multiple levels of data collection and
coordination in order to conduct a reliable correlation analysis. The methodology cannot just
rely on the survey and interview data. For example, a significant amount of the tracking data
was not readily available from the respondents during the interviews. Obtaining these data
will likely require a targeted tracking data request and remuneration for jurisdiction time
required to gather the data.



Consider offering some type of incentive for jurisdiction participation.



Ensure that at least one plans examiner and one inspector participate in the interview. In
addition, consider interviewing third-party reviewers in jurisdictions that use them
extensively.



Convert the detailed questions on enforcement practices to an online survey and focus the
structured interview time on more in-depth, qualitative lines of inquiry.



Forego in-person interviews in favor of telephone interviews. However, in-person interviews
should be considered if they are almost exclusively focused on qualitative, open-ended
questions.



Pare down unnecessary questions as identified in the findings and recommendations
discussed above.

5.

Energy Performance Assessment

5.1. Introduction & Goals
The energy performance assessment uses empirical data to explore relationships between energy
use and compliance. It was also designed to demonstrate how energy performance can be used as
an indicator of new construction progress and the effectiveness of energy code requirements over
time. Specific goals included:


Move toward an energy-centric code evaluation.



Test billing data collection and analysis methods.



Explore the relationship between compliance and energy use.



Explore options for benchmarking energy use and characteristics of new commercial
buildings.

Energy benchmarking can be used to track the progress of building energy use and, to some
extent, the overall improvement in building energy use from one period to the next. NEEA
currently uses prototype simulations to describe the influence of particular changes in energy
code requirements on building efficiency, and this approach has been used in this region for
more than 20 years. Benchmarking in the context of a code evaluation would complement this
analysis by comparing actual buildings built in each particular cohort with buildings built in a
previous cohort. In addition, benchmarking can be used to monitor progress toward efficiency
goals and mandates, such as the Washington State goal to reduce energy use in new buildings by
70%.
The methodology tested in the Pilot Study delivers the data and analysis necessary to compare
energy use and building characteristics such as UA, LPD, and mechanical systems across cohorts
of buildings permitted under various code cycles. While these changes may not be causally
linked to a particular energy code, over time this approach allows an assessment of code
progress. Although there are differences in occupancy and other building characteristics across
cohorts, the distribution of energy use in particular building types can be relatively small.10
Given the distribution of energy use within building types, changes in building performance over
time (as a result of codes or changes in design practice) would be observable with reasonable
sample sizes. When implemented on a larger sample, these types of comparisons can become
the first step toward developing a time series energy performance review of commercial
buildings.
As an ancillary effort, Ecotope tested the energy performance assessment methodology on eight
sites from the 2014 Commercial Building Stock Assessment (CBSA). The results of this effort
are presented in Appendix E.

10

See Baylon et.al. 2008b for the distribution of energy use for a large sample. In most major buildings
the ratio between mean EUI and the standard deviation for individual building types was about 0.30.

5.2. Methodology
The key steps in the energy performance methodology are described below. This methodology
relies directly on the characteristics and analysis from the compliance assessment and
demonstrates the integrated nature of the overall code evaluation methodology.

5.2.1.

Billing Data Collection & Screening

Ecotope collected complete electric and natural gas billing data for the 12 compliance
assessment sites. Analysts carefully screened the billing data for each site to remove incomplete,
distorted, or otherwise unusable billing data that could produce incorrect and/or misleading
EUIs. In most cases, the bills covered a time period of about two years. In each case, the most
recent 12-month period was selected to avoid the variability in energy use typical in the early
months as occupancy ramps up in new buildings. This issue is particularly prevalent in
multifamily buildings.

5.2.2.

Billing Analysis

Analysts conducted the billing analysis in two phases: first, the bills were compiled into a total
annual bill for electricity (kWh) and natural gas (therms). These values were converted to
common units (kBtu) and summed. Using this annual energy use, an EUI was developed for
each building based on the conditioned floor area data collected during the compliance
assessments. The second phase was to conduct an EZ Sim11 analysis. EZ Sim is a billing
analysis tool that uses change-point analysis to estimate heating and cooling usage and then
draws on actual building end-use characteristics to disaggregate billing baseloads into end-use
EUI estimates. The analysis allows approximate total and end-use EUI estimates to be compared
with the Pilot Study compliance assessment results and the EUIs and characteristics in the
Baseline Study. Because the Baseline Study also used EZ Sim for the billing analysis, that study
is well suited for benchmarking the Pilot Study sites as well as larger, representative samples in
future code evaluations.

5.2.3.

Compliance Correlations

The total EUIs were assigned to compliant and non-compliant buildings. This process involved
dividing the Pilot Study sample into the building types actually surveyed. There were five
building types represented in the 12 buildings surveyed. The one remaining multifamily building
was not included in this phase because the EZ Sim tool did not have an appropriate input to
characterize this building type. The results of the billing analysis were summarized and
graphically presented. The impact of compliance on energy use was illustrated in this step,
although the size of the sample precluded any meaningful conclusions. This analysis was then
followed by a compilation of EZ Sim results showing the disaggregated end uses for compliant
and non-compliant buildings.

11

EZ Sim documentation and download: http://www.advancedbuildings.net/index.php?q=ez-sim

5.2.4.

Benchmarking Analysis

Ecotope compared the EUIs and characteristics for the Pilot Study buildings with the NEEA
commercial new construction baseline study (Baseline Study) (Baylon et al. 2008b). The
characteristics survey in the Baseline Study provided the basis for the survey protocol used in the
Pilot Study. Thus, characteristics and building area were calculated using the same criteria. The
Baseline Study included a Washington State sample of 150 buildings typically built to the 2001
WSEC. The buildings were permitted by the end of 2004 and constructed and occupied by early
2006. For benchmarking purposes, ideally the construction time period for the baseline sample
would be more current. However, the Baseline Study represents the most recent Northwest
commercial new construction baseline available. Also, because the Baseline sample included
nearly 150 Washington buildings, it is large enough to compare to the range of building types in
the Pilot Study cohort, which included buildings permitted to the 2009 WSEC, constructed in
2012 and occupied by mid-2014.
Usable EZ Sim EUI estimates were available for 91 of the Washington Baseline Study sites. To
make the comparisons, these sites were examined for building types that align with the Pilot
Study sites. Twenty-one buildings across four building types were available from the
Washington sample. These sites became the comparison group for both the overall energy use
and the characteristics comparison.
5.2.4.1.

Ensuring a Standardized, Consistent Benchmarking Methodology

A standardized and consistent approach to benchmarking commercial building performance is
required to ensure that building cohorts can be reliably compared over time. The evaluation of
code progress for a particular code cycle using this benchmarking method will lag behind actual
code development by up to five years. It is necessary to take a longer view due to the time lag
between the development of an energy code, the permitting and construction of buildings
permitted under that code, and the building energy use data collected after the buildings are fully
occupied. The benchmarking techniques must be clearly defined to ensure comparability across
this long-term sampling and analysis. In particular, the approach to developing EUIs must be
rigorous and consistent over time. Once established, the technique should be maintained for all
subsequent samples (even decades later).
In this Pilot Study, the goal was to establish an approach to consistent energy performance
assessment that is simple and applicable across building types. To this end, both the energy
performance and code compliance assessments were based on the following principles and
guidelines:
1. Building Area: For the Pilot Study, we used “conditioned floor area” as a consistent
measure that can be applied to all buildings. This approach parallels the guidelines used
in the Commercial Building Energy Consumption Survey (CBECS)12 database and can
be consistently applied across most building types and most building configurations. For
the Pilot Study, the conditioned building area included all portions of the interior of the
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The Commercial Building Energy Consumption Survey is a national sample survey that collects
information on the stock of U.S. commercial buildings, including their energy-related building
characteristics and energy usage data (consumption and expenditures).

building that were conditioned as part of the function of the building. As a result, parking
areas either as part of the building or in an auxiliary structure were not included in the
area calculations. Mechanical penthouses or similar mechanical space were not included
unless the spaces were sufficiently integrated into the building so that no obvious area
adjustment could be made. Although it is preferable to have a fully occupied building, it
was not possible to do so in some cases. When the vacancy is incidental to the building
function (e.g., turnover in office or retail spaces), the vacant spaces should be included as
part of the building area. If, on the other hand, a substantial portion of the building is not
built out (e.g., does not include functioning HVAC and lighting), that area can be
removed for purposes of establishing the conditioned area of the building. Many of these
decisions involve judgment; hence, assumptions and decision-making criteria should be
well-documented and transparent across all comparison groups.
2. Energy Use: Building energy use should be reasonably stable when the building is
evaluated. Buildings with lengthy occupancy lead times (e.g., large speculative office
space, multifamily buildings, speculative retail developments such as shopping malls)
require energy bills for a sufficient number of months to establish a year of stable
occupancy. In all cases, the energy bills should include the electric, gas, and other fuels
usage for comparable periods. In many modern buildings, some fraction of the energy
use may be supplied by onsite renewable energy such as solar arrays or wind generators.
In these cases, these outputs should be separately metered so the overall impact can be
assessed on the performance of the building. In the absence of metering for these
technologies, the reviewer may be able to estimate the impacts. In most cases, the energy
code requires some type of net billing that can allow the output of the energy use to be
tracked.
3. Building Characteristics: If energy performance benchmarking is to be used as a part of
code evaluation, key building characteristics used to establish compliance for the sampled
sites must be available for the benchmarking analysis. This would include conditioned
area, lighting power, building heat loss rate (UA), and some overall description of the
building HVAC systems. In this Pilot Study, an effort was made to collect information
that was sufficiently detailed to compare the as-built building to requirements of the
energy code. When this detail is available, the actual code requirements can be
benchmarked using conditioned area to normalize these characteristics across buildings.

5.3. Key Findings
5.3.1.

Billing Analysis

Three issues were overcome in the final EZ Sim dataset of eight buildings. These issues are
indicative of the type of issues that must be addressed to ensure usable and reliable data for
developing EUI estimates. For one building with photovoltaics (PV), the utility supplied only the
gross metering values of consumption minus PV production. The utility did not provide the solar
production breakout of the bills, and the only information obtained for the solar production was
the total kWh production for the year. EZ Sim requires the total monthly consumption, so the
monthly solar production was estimated using average monthly solar radiance and cloud cover,
and then adding the solar production onto the gross billing values to get total consumption.
A second resolved issue was the incomplete envelope survey characteristics of one building. In
this case, the code-required wall insulation value was used instead of the as-built value. There
were no noticeable issues in using this assumed value. In addition, there was one building that
was only 82% built out. The envelope was complete, but 18% of the interior space was still
waiting for a tenant, so it did not have lighting or plug loads installed and was not being actively
conditioned. Because of this factor, the normalizations in the analysis only use 82% of the total
conditioned area.
Table 3 presents a summary by building of the billing analysis and EZ Sim analysis issues.
Table 3: Summary of Usable Data for EUI and EZ Sim Analyses
EUI

EZ Sim

Warehouse
Med. Office
Office

Usable
Billing
Year
No
Yes
Yes

No
Yes
Yes

No
Yes
Yes

11805

Office/Other

Yes

Yes

Yes

12018
12503

Retail
School

Yes
No

Yes
No

Yes
No

12504

School

Yes

Yes

Yes

12505
12512

School
School

Yes
Yes

Yes
Yes

Yes
Yes

12514

Multifamily

Yes

Yes

No

12608

Med. Office

Yes

Yes

Yes

12610

Multifamily

No

No

No

9

9

8

Site ID

Type

11051
11537
11678

Count of Yes

Explanation
Additional buildings on meter

Inferred some of the unknown envelope
characteristics to build EZ Sim run
Additional buildings on meter
Electric and solar combined in bills,
disaggregated for analysis

Common area and units combined in bills, only
total EUI can be calculated
Used 82% of area to account for 18% vacancy
Common area and units combined in bills, plus
unstable occupancy

5.3.2.

Compliance Correlations

The following three graphics demonstrate how EZ Sim estimates of total and end-use EUIs can
be used to correlate compliance with energy use. Figure 19 shows the total EUIs by fuel type for
each of the buildings in the final EZ Sim analysis. Two of the buildings were all-electric. Figure
20 shows the same total EUIs with an indication of compliance and non-compliance for each
building. Compliant buildings are shown as green bars; non-compliant buildings are shown as
red bars. The specific non-compliant systems are identified above each bar. Non-compliant
systems include Envelope (E), Lighting (L), Mechanical (M), and Water (W). Figure 21 again
shows the total EUI by building, but with the EZ Sim disaggregation of Heating, Cooling, Fan,
and Other.
With a representative, state-level sample, the type of analysis shown in these graphics could be
used to compare the energy use of compliant versus non-compliant buildings by building type.
For example, on average do compliant schools have higher EUIs than non-compliant schools?
The end-use EUIs would allow additional analysis to compare the energy use with compliance at
the system level. What systems are out of compliance in the non-compliant schools and what
impact do the EUIs for those systems have on the total building EUIs? Further, the building
characteristics gathered for the compliance assessment can be used to summarize equipment
types and other characteristics may be determining the higher or lower EUIs. The compliance
and energy performance assessments together provide the data to answer these questions and can
help provide a deeper understanding of the underlying design decisions that are driving both
compliance and energy use. These insights can be used to improve the performance of new
commercial buildings by: designing better more targeted codes for each major building system;
tailoring and improving enforcement efforts for each major building system; and exploring
opportunities for new measures and market transformation in the new construction industry.
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Figure 19: Total EUI by Fuel Use
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Figure 20: Total EUI by Compliance

Figure 21: Total EUI by End Use

Two of the three elementary schools fully complied with the energy code and had a much lower
EUI than the third, non-compliant school. One of the compliant schools (site 12505) had
improved lighting with the envelope and heat recovery meeting the code requirements. The other
compliant school (site 12504) similarly met these code requirements but also included improved
envelope, ground source heat pump, and active engagement with the advanced mechanical
control systems in the building. The third school (site 12512) did not meet the code
requirements for envelope or service water and employed a loophole in the heat recovery
requirement to avoid a ventilation heat recovery system.
For site 12018 (a large retail building), the mechanical system and envelope did not pass code,
but the lighting significantly exceeded the code threshold. This building used the performance
path to meet the code requirements, where substantially improved lighting was used to make up
the difference of a less efficient envelope and mechanical system. The overall EUI is just below
the average retail EUIs from the Baseline Study.
Site 11537 did not pass the mechanical part of the code because of a cooling tower control issue,
and it was required to have economizers in server and equipment rooms. These issues are
relatively minor in the context of the overall EUIs. Site 12608 is the site where only 82% of the
building interior was built out, so the EUI values use 82% of the total floor area. The heating,
cooling, and fan EUI for 12608 are only slightly higher than for 11537, but the other category,
which includes process loads, are much higher (see Figure 21).
In the small office category, site 11678 was a very small building with aggressive building
envelope improvements — the heat loss rate was half of the 2009 WSEC target heat loss rate.
Site 11805 was a split space with an office in part of the building and a space with more water
and HVAC demands in the other part of the building.
EZ Sim helped disaggregate end-use loads and provided some informed insight into the billing
patterns. Using EZ Sim, or a similar tool, allows a review of temperature-based consumption as
well as baseloads like lighting and process loads. In addition, using this type of tool allows
adjustments to various inputs that aid in the quality of the fit to billing data. This, in turn, allows
a better understanding of the survey characteristics information and the determinants of
consumption in these buildings. Often these large adjustments involved known process loads,
ventilation adjustments, and heating and cooling adjustments using setpoints or schedules.

5.3.3.

Benchmarking Analysis

As the final step in the performance assessment, Ecotope benchmarked the total and end-use
EUIs from the Pilot Study sample against the Washington State sample from the 2006 regional
Baseline Study (Baylon et al. 2008b). The comparisons illustrate the method for tracking
changes in energy use and characteristics over the course of several code cycles; between the
2001 WSEC (used for the Baseline Study) and the 2009 WSEC (used for the Pilot Study). The
building types in the Pilot Study were determined in the field survey, and the Baseline Study
buildings were segmented to include those particular building types. Because the Baseline Study
did not include multifamily buildings,13 multifamily buildings from the 2011 Residential
Building Stock Assessment (RBSA) (Baylon et al. 2013) were used to benchmark the
multifamily buildings in the Pilot Study.14 Table 4 shows the number of buildings from these
samples that were used to make the benchmark comparisons.
Table 4: Number of Buildings by Dataset
Building Type
Elementary School
Medical Office
Retail/Grocery
Small Office
Multifamily

5.3.3.1.

Pilot Study
3
2
1
2
1

2006 Baseline
5
3
6
7
9

Comparisons to 2006 Baseline Study

Figure 22 compares the EUIs for the Pilot Study EUIs presented in Section 5.3.2 to the
distribution of EUIs from the Baseline Study. The boxplots represent the Baseline Study EUI
distributions for each building type; the middle line in the boxes indicates the median EUI. As
illustrated in the graph, the EUIs for most of the compliant Pilot Study sites (green dots) have
drifted well below the Baseline median. In most cases, the EUIs for the non-compliant Pilot
Study sites (red triangles) are much closer to the EUI median from the Baseline Study, indicating
less improvement than the compliant sites. However, they are all still below the Baseline
medians to some degree. These Pilot Study findings are not indicative of actual energy
performance progress over time, but these types of inferences could be made when applying this
analysis to a representative sample.

13

The Baseline Study did not include multifamily buildings whereas the Pilot Study included multifamily
buildings over three stories. This difference reflects changes in the Washington code in 2009 and 2012
when the multifamily definition was made consistent with the IECC model energy code which classifies
multifamily buildings over three stories under the commercial code.
14 The RBSA multifamily sample included all existing buildings, but only the newer buildings were used to
compare with the Pilot Study sites. The RBSA buildings used as the baseline were mid-rise multifamily
buildings from the Puget Sound area built between 2005 and 2011. See http://neea.org/docs/defaultsource/reports/residential-building-stock-assessment--multi-family-characteristics-and-energyuse.pdf?sfvrsn=4.

Figure 22: Comparison of Pilot Study vs. Baseline EUI by Building Type

Figure 23 shows the same findings as Figure 22 but also indicates the level of energy
performance that would be required to achieve the Washington State mandate to reduce energy
in new buildings by 70% below the 2006 code baseline. As the graphic shows, most noncompliant Pilot Study EUIs (red triangles) are well above the 70% target (dotted line), whereas
the compliant buildings (green dots) are mostly close to or below the target. With a
representative sample, this type of analysis would help identify the influence of compliance on
efforts to meet targets. In addition, the underlying characteristics data could be summarized to
gain insights into the system designs that are leading to higher energy use in the non-compliant
buildings.

Figure 23: EUI by Building Type with 70% Reduction Goal

These comparisons provide insight into the relative performance of these buildings and also track
the change in energy consumption between the Baseline Study buildings and this small Pilot
Study sample. In a larger sample, the distributions of building EUIs could be compared rather
than the individual buildings. This type of analysis would visually benchmark the changes in
EUIs across time. It is important to note that this type of comparison is only partly the result of
codes as they evolved. Additional factors include changes in occupancy patterns in particular
building types or changes in process loads as servers and auxiliary equipment become more
efficient and/or more ubiquitous. Lighting technology has also advanced in the marketplace
around LED technologies.
An alternative approach to assessing code progress across cohorts and code cycles is to evaluate
particular code requirements that are easily comparable across buildings. Figure 24 through
Figure 26 show three such comparisons. Figure 24 shows a comparison of the normalized heat
loss rates (UA/SqFt) between buildings in this sample and buildings in the Baseline Study.
Figure 25 shows the same comparison for the LPD. Figure 26 shows the HVAC portion of the
total EUI as derived from the EZ Sim runs for both the Pilot Study and the Baseline Study. In
these figures, the distribution of the Baseline Study buildings are shown with the actual
observations from the Pilot Study superimposed over these distributions.

Figure 24: Normalized UA Comparison of Pilot Study to Baseline Data by Building Type

Figure 25: LPD Comparison of Pilot Study to Baseline Data by Building Type

Figure 26: HVAC EUI Comparison of Pilot Study to Baseline Data by Building Type

The overall assessment of the Pilot Study buildings suggests that generally these buildings are
performing better than a sample of buildings from a construction period about eight years earlier.
Although this sample is inadequate to make a definitive comparison, the method provides a highlevel comparison which could show progress or lack of progress by individual building types.
The characteristics benchmarking shows a similar story. With a larger, statistically representative
sample comparable to the Baseline Study, this comparison could provide valuable insights into
EUI improvements and trends over almost a decade of code changes.

5.4. Study Design Recommendations
The energy performance assessment strategy developed in this Pilot Study shows promise. The
results of this assessment confirm that considerable value can be added to a review of code
compliance and characteristics by analyzing the relationship between energy use and
compliance, and benchmarking new construction EUIs and characteristics against previous
baselines.
We recommend extending the core approach to a larger code evaluation, with the following
changes and enhancements:


Given the goals of performance and compliance assessments at a systems level, a research
logic model should be developed as part of a larger code evaluation to crystalize the
relationship between intended outcomes, desired data, and methodology. Such a model
would ensure interconnectivity with code program objectives and interventions at the outset
of the research and provide guidance for the research as it proceeds.



For the near term, it appears that the Baseline Study provides the best benchmarking baseline
for the next code evaluation. In the future, a code evaluation sample of the same scale would
provide a new benchmark for future studies. Generally, most of the buildings in the
Washington State Baseline sample used in the Pilot Study analysis were permitted to the
2001 energy code. This is probably acceptable for benchmarking buildings permitted under
the current code (2012), but long-term comparisons would be more useful if the time
between the samples compared is six to eight years (about two code cycles). Most of the
time the code changes in a single cycle will not have a large enough impact to overcome the
variation in building operations inherent in the EUI.



Sample sizes for the next code evaluation should be large enough to allow comparison at
least among major building types.



The procedure for normalizing energy use and other characteristics will need to be routinized
so that over the course of multiple evaluations the same calculation standard is maintained.
This Pilot Study used the CBECS guidelines, but once this is established the procedure
should be documented so that future variations in other standards do not impact the integrity
of the regional procedures.



Data on individual system components regulated by the code should be collected. The level
of detail needed to assess code compliance for these systems is sufficient to benchmark most
characteristics of interest such as overall lighting power, heat loss rates, and HVAC
configuration. The level of detail implied by the protocol developed for this Pilot Study is
probably sufficient for the characteristics comparisons.



Analysis software such as EZ Sim offers the opportunity to compare major building
components across buildings and building types. This capability should be used to develop
estimates of lighting, HVAC, and process loads. These estimates can be used to correlate to
code compliance as well as evaluate different systems as to their impact on the total building
performance.



The use of EZ Sim should be reviewed, and other simplified tools or simulation approaches
should be considered. We believe that the use of change point offers a considerable
advantage, but a review of other approaches may offer advantages over this simplified
approach.



A potential additional analysis would be to compare the code evaluation EUIs with the exante savings estimates developed using commercial building prototypes during the code
adoption process. These simulation-based models could be informed by the analysis of the
energy performance of buildings built after the code standards used for the modeling.

6.

Vision for a Regional Code Evaluation

This Pilot Study was organized around the idea that improved energy performance should be the
salient outcome of energy codes in the Northwest region. The building systems, enforcement
efforts, and energy performance assessed in the Pilot Study provided insights that can be linked
to observed energy usage. Although compliance is an important by-product of this analysis,
understanding the consumption of energy in the commercial sector can provide the basis for
future code initiatives and for future efficiency measures across the region.
This report includes detailed study design recommendations for each of the three assessments
Ecotope tested in the Pilot Study. These recommendations include specific ideas for changes
and improvements, as well as decisions that should be made based on refined goals and priorities
for a larger, regional code evaluation. An overarching takeaway from the Pilot Study is that it
confirmed that the central framework and strategies of this methodology can deliver multifaceted
and actionable findings. This framework can be used to focus regional resources on a deeper
understanding of energy use in commercial new construction and the relationship with the
energy code and enforcement practices over time.
The Pilot Study methodology was designed to gather and analyze data at a level that delivers key
feedback for decision-making as part of a larger evaluation cycle that can be sequenced in
phases. What has clearly emerged from the Pilot Study is the interdependent nature of NEEA’s
code program efforts. The evaluation methodology should mirror and fully leverage these
relationships. Figure 27 presents the role of this type of code evaluation within the code
development and implementation cycle.
Figure 27: Integrated Code Evaluation Cycle

As illustrated in Figure 27, the evaluation methodology first assesses current practice in new
construction using a detailed characteristics survey. The building characteristics can be used to
assess code compliance and provide a commercial new construction baseline. The second step is
to feed the code compliance findings into the development of a targeted enforcement assessment
to understand current practices and the relationship with compliance and energy use at the
building system level. Then, EUIs developed for the surveyed buildings can be correlated with
the compliance analysis for the buildings. The EUIs for whole buildings and end uses can be
benchmarked against previous new construction baselines and can then become the new EUI
baseline for future code evaluations. The series of EUI baselines can be evaluated over time to
assess progress in the commercial new construction sector. Coming full circle, the findings and
insights from these evaluation phases can then feed back into the development of new codes and
enforcement support strategies, which can then cycle back to inform the design of the next
assessment of current practices.
This vision for a regional code evaluation cycle can contribute to a tighter relationship between
NEEA’s code program efforts, market signals, and actual energy use in the new commercial
building stock across the Northwest. It allows the NEEA code program to be responsive to
ongoing market developments in new construction. The integrated code evaluation approach can
deliver diverse data, analysis, and insights within NEEA’s overall market transformation
framework. As the Pilot Study findings show, in some cases such as lighting, the codes may be
significantly lagging behind current practice and need to catch up to market shifts. In other
cases, the market may be lagging and needs a push toward using codes, new construction
programs, targeted enforcement training and support, and/or larger market transformation efforts
focused on the design community. The interaction of code development, specific energy
efficiency initiatives, and a consistent code evaluation framework can help transform new
construction in the commercial sector.
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Glossary of Acronyms
CBSA

Commercial Building Stock Assessment

IECC

International Energy Conservation Code

NEEA

Northwest Energy Efficiency Alliance

PNNL

Pacific Northwest National Laboratory

WSEC

Washington State Energy Code
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Introduction

For the last 20 years, the Northwest has evaluated energy use and characteristics in new
commercial building construction practice throughout the region. In some years, this evaluation
included both a characteristics survey and a full assessment of energy code compliance across
the individual states in the region. The current environment includes distinct energy codes in
each state and unique populations of buildings across those states. The Northwest Energy
Efficiency Alliance (NEEA) engaged Ecotope, Inc. to design and pilot an approach to
commercial code evaluation that integrates the building characteristics in each state with the
levels of code compliance in those states. The goal of this Pilot Study is to prove the concept
that the new commercial building characterization and code compliance can be integrated using a
protocol based on an assessment of the whole building, after the completion and occupancy of
the building. The first step in the Pilot Study was to generate a prototype sample of the sector
that can represent new commercial construction in each state. The sample is designed to cover
construction in each state over a two- to three-year period. At a minimum, the sample should
represent the dominant building types and sizes within each state in the particular timeframe.
The overall goal of the sample is to provide a broadly representative sample of new commercial
construction. An important step in this process is the development of a regional sample frame
that can be used to characterize each state individually. Although establishing levels of
compliance with each state’s energy code is a primary objective of the sample, the sample is also
designed to characterize design practices used in the new construction commercial building
stock.
A supplemental sample was developed by Ecotope, Inc. as part of the smaller Pilot Study. The
pilot sample focused on a small cross section of building types to help in the development of the
compliance assessment methodology.

2.

Sample Design Goals

This sample is designed to meet the following goals:


Code compliance by state should address both building type and size to ensure that noncompliance in smaller buildings does not mask the success of the code in larger buildings.
Conversely, if small buildings are generally compliant, this fact should not mask compliance
issues with larger (more energy-intensive) buildings.



To be representative across the diverse commercial sector, each building should have a welldefined probability of selection. Stratification by building size should be optimized to allow
the largest diversity of construction with an efficient sample design.



Size stratification might result in some building types not being represented at all. In this
event, it should be possible for “Oversamples” of those building types to be added using a
more complex probability weight.



Frequently there are specific issues that are important to individual utilities and jurisdictions.
The sample design should be designed to accommodate oversamples either in specific utility
areas or with specific building types where additional precision in characteristics is required.

Ecotope, Inc.
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Sample Design Background & Strategy

The sample design strategy was intended to provide a representative sample of new commercial
construction occupied in 2013 and 2014 (this timeframe aligns with the Pilot Study schedule).
As a result, the sample window is meant to reflect the previous energy code so that buildings will
have been permitted by early 2013. These codes were based on the 2009 International Energy
Conservation Code (IECC) and adopted (with amendments) by Idaho, Montana, and Oregon.
The Washington State Energy Code (WSEC) was developed concurrently and not based on the
IECC format. The sample frame for this effort includes buildings permitted and started in 2011
and 2012 and occupied by the time of a field review in 2015. 1
The development of a representative sample of new commercial buildings depends on the initial
study design. The energy code compliance methodology was designed to survey buildings after
the buildings were completed and occupied. Thus, buildings selected would need to be
completed by the third quarter of 2014. The second consideration is the target codes that will be
evaluated. Each state in the Northwest has a different code cycle for adaptation of updated
energy codes. In Washington and Oregon, the cycle used is every three years unless the
implementation is delayed by political or economic considerations. The 2009 Washington code
was implemented at the beginning of 2011, and the 2010 Oregon code (based largely on the 2009
IECC) was implemented in April 2010. Montana and Idaho regularly review each revision of the
IECC but implementation is often delayed; sometimes, entire code cycles are skipped. The 2009
IECC was implemented by Idaho in January 2011 and by Montana in July 2010.
The sampling strategies for evaluating the commercial sector for code compliance or baseline
characteristics must take into account the diversity of the sector. It is normal for the building
size within a population of new construction projects over a full year to vary by about a factor of
100 in size and complexity. This is substantially different than the residential sector where size
and complexity varies far less across the variety of residential units. In this situation, a sample of
the commercial sector must be large enough to overcome the diversity of the population or be
segmented to stratify the sample into more manageable subgroups.
The typical compliance assessment as laid out by the Pacific Northwest National Laboratory
(PNNL) protocol (PNNL 2010) envisions a stratified random sample of commercial buildings to
assess the compliance on a few hundred specific code provisions across the entire sample. The
sample design is based on a predetermined stratification design. This design does take into
account the size diversity of the population, and its goal is to assess the fractional compliance
rate with each code provision. The sample is weighted only by the distribution among these predefined size categories. The sample size is also fixed by the assessment of the sample size
needed to estimate the fraction of compliance (or non-compliance). This strategy is designed to

1

The current sample is focused on the 2009 IECC and the 2010 WSEC. In 2013, Washington
implemented its version of the 2012 IECC. Oregon implemented the 2012 IECC with amendments at the
beginning of 2014, and Montana later in 2014. Idaho adopted the 2012 IECC with amendments in 2015.
Thus, the window for assessing the 2009 codes was largely closed by the end of 2013. The sample
drawn here could include a slightly larger sample frame if the criterion for completion was not used, but
not a significantly larger or more diverse sample.
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apply to all states regardless of size or complexity of the commercial sector. A more rigorous
sample development will often result in a larger sample in the larger states with more
commercial construction. The PNNL strategy would allow an assessment of energy code
enforcement at a state level but would not provide a sample adequate to assess the overall impact
of the code on either building efficiency or building characteristics. 2
With the skewed nature of the building size distribution, a stratification based on building size is
the obvious choice. For the code evaluation prototype sample design described in this memo, we
have used the basic size stratification used by PNNL; however, we have also optimized it for the
individual state populations as observed in the sample frame. Because building area is a primary
determinant of overall consumption, this stratification covers at least some of the major sources
of variance in energy use in the sector. This approach is intended to represent the distribution of
building types and complexity present in the sample frame. It will, however, cover only building
types that are common in the sample frame but will likely miss building types that are rare. In
general, the compliance in any one year has to be a function of the buildings built in that year.
For this population, the proposed sampling method is also consistent with several other regional
commercial sector samples aimed at new commercial construction (see, for example, Baylon &
Kennedy 2008, Baylon et al. 2001). In some of these studies, code compliance was a primary
goal. In most of these cases, the development of commercial sector characteristics was an equally
significant goal. This characterization was then used to assess the future characteristics of the
utility programs and conservation potential for both energy codes and for utility programs.

4.

Sample Design Strengths and Weaknesses

As with all samples of particular populations, the selection of a sample approach foregoes some
data and characteristics in favor of others. The particular strengths and weaknesses of this
sample design are described below.
Strengths:


Building characteristics are key to the energy use of the commercial sector. These
characteristics vary substantially between building types but often are reasonably
consistent within building types. The sample will be representative across all buildings;
however, because of the stratification design, the buildings that are significant in the
sample year(s) should be well represented and their characteristics sampled.



Building size is perhaps the largest variation in this sector. The use of stratification
techniques ensures an optimum sample distribution with respect to size. Large buildings

2

The PNNL sample design uses a similar stratification design but constrains the design to a particular
sample size for each state. The buildings sampled are then reviewed through the permitting and
construction process. Each code criterion is evaluated when the field review is scheduled. The approach
implies several targeted field reviews. In all cases, the protocol proposed is aimed at establishing a
binary compliance assessment for each item on the checklist. The details of the particular system are not
collected. Moreover, the design assumes that not every component of every building would be evaluated
on every code provision.

Ecotope, Inc.

3

COMMERCIAL CODE EVALUATION PILOT STUDY

SAMPLE DESIGN MEMO

in the population will be well represented and, as a result, the majority of the energy use
in the sector will be well represented. The sample of the smallest buildings will be
sufficient to meet minimum statistical criteria for size, but with the smaller sampling
probabilities, the summaries of building characteristics could be less reliable within that
population.


Ecotope assembled the sample frame using the Dodge Data & Analytics 3 database of
new commercial construction starts. The Dodge sample frame includes contacts for each
sampled building. At a minimum, this record includes the general contractor and
architect and often the building owner. This level of detail considerably enhances the
recruiting process and the recruiting success rate. However, depending on the data
collection timeframe relative to building completion, the contacts could be dated and less
useful.



By reviewing completed buildings, the study can use the sample for assessing energy
performance after the buildings are reviewed. The billing releases and building contacts
generated during the survey are crucial to generating performance metrics after the
buildings begin operating.

Weaknesses:


The primary limitation of this sampling approach is in developing a detailed assessment
of code compliance. Because the building is completed and occupied before the
assessment is begun, compliance and enforcement decisions made during plan review
and construction may not be documented. Moreover, some building components will be
unobservable, and the survey must assume that the documentation on the building plans
represents the building as built.



With the size stratification in this design the sampling rate for small buildings will be
much lower than for larger buildings but still within the 90/10 statistical criteria. This
would, however, reduce the ability to segment compliance for small buildings. Thus, the
compliance for small, simple buildings will be less well determined, and in rural areas
the level of compliance and overall building characteristics may be problematic. Such
an approach is justified only because the smaller buildings have a dramatically lower
impact on the overall commercial sector energy use than the few large buildings
emphasized by the optimum stratification.



Documentation available when the survey is conducted may be missing important
components. These components will be reviewed in the field, but the veracity of such a
review will be limited. Several important components will be subject to this limitation,
including window glazing specifications, envelope insulation, and controls
implementations (especially for packaged equipment with analogue control packages).

3

The Dodge database is a service of Dodge Database Analytics and is based on interviews with building
professionals and general contractors throughout the country. These interviews are compiled into a
database that is designed to inform contractors and suppliers of upcoming building projects. See
www.construction.com for more information on Dodge Data Analytics.
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Sample Frame

The sample frame was constructed from a purchased Dodge Data Analytics database that
includes “building starts” from 2009 through 2013. For this sample, a two-year window was
selected from second quarter 2011 through first quarter 2013. The two-year window was
selected to ensure an adequate diversity in the building population. The period covered by this
sample frame was among the worst recessions in the construction industry in the last 50 years. It
was important to expand the sample frame to include as many buildings as possible.
The final Dodge database includes construction start date, 4 building location (state, county, and
city), building type, estimated building square footage and valuation, and the names and phone
numbers of the building architect, owner, and/or general contractor. In addition, some
description of the type of work and details about the project are usually present. Approximately
5,400 entries were in the database for the 2011–2013 timeframe.
The data were then cleaned to remove various entries that did not reflect actual new building
construction. Various screens were implemented:


Construction values less than $250,000 were used to remove projects that were likely not
significant buildings (e.g., remodels or small, free-standing auxiliary buildings).



Entries that did not reflect new buildings, or entries that represented building additions,
or substantial renovations were removed.



“Non-building” projects (e.g., stream restoration, dam spillways, etc.) were removed.



Unconditioned buildings (e.g., parking garages) and some residential buildings,
including all low-rise multifamily buildings and all single-family (detached or
townhouse) projects were removed.

Taken as a whole, the final database used in developing the sample is summarized in Table 1.
Although the distribution of buildings among the states is similar to previous studies of new
commercial building projects, the total number of buildings is about one-third of the construction
observed in recent F.W. Dodge new construction studies (e.g., Baylon & Kennedy 2008, Baylon,
et al. 2001). This result reflects the recession in the building industry in 2009 and 2010 when
planning for these building projects would have been done. When compared to similar
timeframes prior to 2008, the number of buildings in this sample frame is only about 30% of the
construction typical in the previous decade.

4

Permit issue date is often reported as a start date.
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Table 1: Distribution of Commercial Building Starts by State (2011–2013)
Building Area
(Sq.Ft.)
8,497,000
3,259,000
20,762,000
48,854,000
81,373,000

State
Idaho
Montana
Oregon
Washington
Total

N
353
251
901
1,702
3,207

The Dodge data were then recast so that a more manageable set of building types could be used.
In this case, the original Dodge categorization included 48 separate building types. These were
consolidated to 15 that more closely matched the summary tables in the Commercial Building
Stock Assessment (CBSA) (Navigant 2014). Table 2 summarizes the building types for the
whole region.
Table 2: Regional Distribution of Building Types (2011–2013)
Number of
Buildings

Total Area
(Sq.Ft.)

Assembly

238

2,780,108

College

182

2,393,627

Education

349

7,536,502

Grocery

118

1,868,607

Hospitals

168

5,169,777

Institution

287

2,591,464

Lodging

92

5,411,325

Multifamily

180

22,883,657

Office

487

5,976,243

Other

50

459,773

Other Health

257

5,865,204

Restaurant

159

529,964

Retail

496

9,533,095

Servers

15

1,723,421

Warehouse

129

6,650,502

3,207

81,373,270

Building Type

Total

6.

Stratified Sample Design

Once the data had been cleaned, a sampling variable was constructed to develop the stratification
boundaries. The variable was an estimate of the building area based on actual entries in the
database. Slightly less than half of the entries included a building area entry. For the cases
where no building area was given, area was predicted from the reported valuation and from the
remaining entries that reported both area and valuation. This process generated a stratification
variable, “Predicted Area,” which was then combined with the cases where area was reported to
construct a complete set of area entries.
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The estimate of building size was used to develop the sample stratification. The sample was then
developed using the Dalenius-Hodges procedure (with a Neyman allocation) as discussed in
Cochran, 1977. This procedure attempts to equalize the square root of predicted area (“density
function”) across the strata. The algorithm develops the best stratification design based on the
cumulative distribution. In this case, the process was constrained to deliver a three-strata design.
The use of a three-strata design parallels the design presented by PNNL. Unlike the PNNL
procedure, however, the optimization process selects the strata boundaries by optimizing the
sample based on the distribution of building sizes in the population in the particular sampling
timeframe. 5 This approach allows the large differences (in building size and type) in the four
states to be reflected in the sample drawn for each state. The sample is limited to the particular
construction characteristics in each state in the two-year timeframe that was selected. For
example, the new building population in Washington in this sample timeframe is dominated by
multifamily construction. It will be expected that the characteristic and compliance in this sector
(in Washington State) will be better determined than almost any other building type.
A three-strata design was developed for the entire region and for each state separately. Although
the sample design is intended to be segmented by state and not implemented as a regional
sample, we have included the regional sample to illustrate the impact of state samples on the
total number of buildings to be sampled. Table 3 shows the distribution of buildings within each
stratum in the regional sample.
Table 3: Regional Stratification Design
Building Size Range
(Sq.Ft.)
Stratum

N

Minimum

Maximum

1

2710

600

38,000

2

427

38,000

215,000

3

70

215,000

2,100,000

Table 4 through Table 7 show the stratification boundaries and total building population for each
state. As indicated in these tables, this stratification results in different size ranges depending on
the distribution of buildings in each state. The Montana sample is the extreme case where
virtually no buildings that would be classed as “large” buildings in any of the other states were
built in Montana. 6 Thus, the stratification design emphasizes the distribution of buildings in
Montana so that a similar level of precision would be available for that state. The building areas
reported in these tables are based on the predicted area variable. The boundaries of the strata are
shown as the minimum size building in each stratum and the maximum size building in each

5

It is unlikely that any particular sampling timeframe would represent the overall existing commercial
building population. It is reasonable to assume, however, that the sample constructed in this way would
represent the particular fraction of buildings in the sampling timeframe. In this case, the sample is drawn
by state.
6 The PNNL stratification design would also be problematic in this Montana new commercial building
population.
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stratum. Unlike the PNNL sample design, this prototype sample design does not use fixed strata
boundaries and therefore does not require additional large buildings to represent the commercial
sector. This result is largely caused by the fact that there are very few buildings in the largest
stratum and essentially all of them that can be recruited would be included in the final sample.
Table 4: Idaho Stratification Design
Building Size Range (Sq.Ft.)
Stratum

N

Minimum

Maximum

1

288

700

25,000

2

50

25,000

135,000

3

15

136,000

950,000

Table 5: Montana Stratification Design
Building Size Range (Sq.Ft.)
Stratum

N

Minimum

Maximum

1

185

600

11,000

2

46

11,000

49,000

3

20

50,000

160,000

Table 6: Oregon Stratification Design
Building Size Range (Sq.Ft.)
Stratum

N

Minimum

Maximum

1

757

600

29,000

2

122

29,000

165,000

3

22

165,000

1,305,000

Table 7: Washington Stratification Design
Building Size Range (Sq.Ft.)
Stratum

N

Minimum

Maximum

1

1432

600

44,000

2

227

44,000

229,000

3

43

230,000

2,100,000

This stratification approach assumes that the energy use and code compliance of particular
buildings are a function of building size. To some extent, this assumption is reasonable because
the larger buildings will likely have more scrutiny by building officials and have a team of
design professionals. From the perspective of energy use, size is an important variable. The
limitation with this design is that size stratification ignores the building type. Characterizing the
commercial building sector with this approach relies on the sample to cover buildings that are
large and have a significant impact on the overall energy use in this commercial building
population. It does not cover building types that are rare and it does not cover small buildings at
the same level of statistical certainty as the larger buildings. As a result, compliance estimates,
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while representative of the sector as a whole, will probably not be large enough to describe the
compliance of these smaller buildings to the same level of precision.
The Dodge data involve substantial error in the estimate of overall building area because about
half the sample frame is estimated from building valuation. In previous studies, this decision has
led to post-stratification in the analysis. The particulars of the recruiting process may also
necessitate post-stratification or even alterations in sample weighting. The corrections for
original errors in size classification usually have minimal effects. The distribution of a
substantial building type non-response in any one stratum is difficult to correct in most cases..

7.

Final Sample Design

Sample design using the Neyman allocation criteria tends to equalize the sample sizes in each
stratum. Although the utility of a regional sample is minimal when the code compliance in each
state is the sampling goal, the regional sample is presented in Table 8 to illustrate the effect of
the stratified sample and to provide a basis for assessing the regional characteristics of the
population of new commercial buildings. The regional sample is based on a 90/10 sampling
criteria in a three-strata design. When the total area of the sample is compared to the total area of
the whole population (Table 1), the sample size drawn represents about 25% of the total building
area of new construction in the region. This is the effect of the stratified sample as it increases
the sampling probability of large buildings, which have substantially greater impact on the total
area and energy use of the sector. In this sample, the stratum with the largest buildings is almost
a census in that the sample target (41 buildings) is more than half the total regional population
(70 buildings) for this size range. This would probably not be attainable given the limitations of
the recruiting process, but for this memo the sample size and distribution is the primary output.
The regional sample would be less than half the total number of sites required for four separate
state-level samples combined, but it would lack the state specificity required for code
compliance. In this sense, the regional sample design is illustrative and shows the sampling
necessary to represent regional summaries of building characteristics.

Ecotope, Inc.
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Table 8: Regional Sample by Stratum
Sample
Buildings
Total Area
(n)
(Sq.Ft.)

Stratum

N

1

2,710

37

225,000

2

427

34

2,824,000

3

70

41

17,253,000

Total

3,207

112

20,302,000

Table 9 through Table 12 use the same sampling criteria and stratification procedure to derive
samples for each state. It should be noted that these samples do not include a finite population
correction factor. In some cases (especially in Montana and Idaho), such a correction could
reduce sample sizes modestly. Using the 90/10 sampling criteria, the total sample size for all
states is 256 buildings across all four states and all sampling strata. This sample design includes
about 45% of the building area across the region. With careful weighting, this design can be used
to summarize the regional characteristics with a higher level of statistical precision than would
be achieved by the regional sample alone.
Table 9: Idaho Sample by Stratum
Sample
Total Area
(Sq.Ft.)

Stratum

N

Buildings
(n)

1

288

16

89,000

2

50

15

915,000

3

15

14

3,583,000

Total

353

45

4,587,000

Table 10: Montana Sample by Stratum

Ecotope, Inc.

Sample
Buildings
Total Area
(n)
(Sq.Ft.)

Stratum

N

1

185

15

58,000

2

46

14

342,000

3

20

15

1,057,000

Total

251

44

1,457,000

10

COMMERCIAL CODE EVALUATION PILOT STUDY

SAMPLE DESIGN MEMO

Table 11: Oregon Sample by Stratum
Sample
Buildings
Total Area
(n)
(Sq.Ft.)

Stratum

N

1

757

24

138,000

2

122

22

1,514,000

3

22

22

8,028,000

Total

901

68

9,689,000

Table 12: Washington Sample by Stratum
Sample
Buildings
Total Area
(n)
(Sq.Ft.)

Stratum

N

1

1432

32

199,000

2

227

29

2,691,000

3

43

38

16,705,000

Total

1,702

99

19,595,000

There are two important considerations for this sample:
1. Recruitment is critical to the veracity of the sample, especially in the larger buildings
where a virtual census is required. Even with excellent recruiting, this requirement is
unlikely to be met. Without that large building census, several states will not meet the
90/10 statistical criteria. This may require post-stratification or reweighting during the
analysis phase.
2. In this sample, the compliance and characteristics will be well determined for large
buildings and less well determined for small buildings. This feature of the stratification
design optimizes the amount of information available from the population at the expense
of detailed information about smaller buildings. This situation is more significant in the
larger states where many more small buildings are represented by a very small sample.
The sample design developed here mirrors several similar compliance and characteristics studies
undertaken in the region. In those studies, the recruitment rate was well over 50% (see for
example, Baylon & Kennedy, 2008). With this recruitment rate, the statistical criteria for this
sample design can be met without post-stratification or additional sample points. However,
experience in this Pilot Study suggests that delaying the recruiting until well after occupancy
adds considerable uncertainty to the recruitment process.
In the Pilot Study, the recruitment rate was less than half the previous studies. Although the
energy performance assessment included in the Pilot Study methodology requires a long period
of occupancy (at least 18 months), if these efficient samples are to be used, we recommend
timing the recruitment so that the construction is nearly complete but the architects and
contractors are still involved in the building and can provide current documentation. If

Ecotope, Inc.
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performance assessments are to be made on this sample, the assessments should be delayed until
after an adequate period of occupancy.
Recruiting buildings closer to completion will ensure a representative sample for each state. In
addition, plans and other building documentation will be more readily available to surveyors,
thereby optimizing data collection resources. This approach offers a good chance of assessing
code compliance, building characteristics, and building performance. The approach would also
accommodate oversamples of specific building types or specific localities within particular
states.

8.
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NEEA COMERCIAL CODE EVALUATION PILOT STUDY: ONSITE SURVEY FORM

PROJECT INFORMATION
Inspector _________________________________________ Date _______________________________
Building Name _________________________________________________________________________
Building Address _______________________________________________________________________
Contact at Building _________________________________ Phone ______________________________
Email _________________________________________
Completion Date ________________________ % Occupied _____________
Class of Work: [New] [Addition] [Other]

Stand Alone Building: [Yes] [No]

Total Conditioned Floor Area ______________ New/Addition Floor Area _____________________
Number of Buildings _____________________ Number of Stories _________________
Latitude __________________________ Longitude __________________________

BUILDING/SURVEYED AREA
Surveyed Floor Area ______________________
Surveyed Area/Building Description____________________________________________________________
________________________________________________________________________________________

PRIMARY BUILDING TYPE CATEGORY (CHOOSE ONE)
Assembly

Residential Care

Warehouse

Grocery

Office

Multi-family

Retail

Restaurant

Institutions

Hospital

Schools

Other (describe below)

Hotel-Motel

University

For Detailed Building Type Code, see reference sheet (if other, describe type) _____________________
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Floor Area
Spac
e ID1

Use
Code2

Use Description

New

Remode
l

Total

Project ID:________

Inside
Insulated
Envelope
(Y/N)

Heat
Level3
(H/S/U)

Cool
Level4
(F/R/C/U)

1

Separate spaces based on major use type, special use categories, differences in space conditioning level, and
business. Separate unfinished tenant areas too. Space ID is used to refer to separate spaces and uses throughout
the protocol.

2

Enter the Standard use type code from the Building Type reference sheet.

3

Heated, Semi-heated, Unheated (separate spaces for this category)

4

Frozen, Refrigerated, Cooled, Uncooled

Ecotope, Inc., 4/30/2015
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Project ID:________

OWNERSHIP AND OPERATIONS
What best describes the building ownership:

[Individual] [Corporation] [Religious] [Federal Gov’t]
[Local/State Gov’t] [Syndicated Partnership (REIT)]
[Other Partnership] [Non-Gov’t Institution]
[Private University/College] [Other]

Percent of area occupied by Owner __________ Percent vacant/unleased______________
Building Management: [Owner] [Tenant] [Property Management Firm] [Unknown]
Was the building designed for a particular client?

[Yes] [No] [Unknown]

If yes, client name: ______________________________________
Is energy use tracked? (explain below)

[Yes] [No] [Unknown]

Is or can the energy use be tracked by end use? (explain below) [Yes] [No] [Unknown]
_______________________________________________________________________________
Is the O&M manual specific to the installed systems?

[Yes] [No] [Unknown]

Has trending been set up through the DDC to monitor systems? [Yes] [No] [Unknown]
Is the DDC trending data actively used?

[Yes] [No] [Unknown] [NA]

CODE COMPLIANCE
What building code jurisdiction is this building? ____________________________________________________
What energy code was used to determine compliance (code,year)? ____________________________________
What energy code path was used? [Prescriptive] [Performance] [Unknown]
Which energy code was used for envelope and main HVAC compliance? _______________________________
Which energy code was used for lighting / TI? _____________________________________________________
Lighting allowance type: [Space-by-Space] [Building Area] [Unknown]
Envelope: [Prescriptive] [Component Performance] [ComCheck] [Energy Budget]

PROGRAMS
Is this building LEED certified? [Yes] [No] [Unknown]
What level of LEED certification? [Certified] [Silver] [Gold] [Platinum] [Unknown] [NA]
Did this project receive LEED energy credits? [No] [Yes] If yes, attach copy of LEED certificate.
Is the building certified under another program? _________________________________________________
Was project benchmarked? [Yes] [No] [Unknown] Method Used: ___________________________________

BUILDING OPERATIONS
Is the building finished?

[Yes] [No] [Unknown]

Is the building fully occupied?

[Yes] [No] [Unknown] If no, explain: _________________________________

Date of occupancy: ____________________, Current vacancy rate: _____________%
Are systems/controls setup complete?

[Yes] [No] [Unknown]

Has building been “delivered” from builders to owner?

[Yes] [No] [Unknown]

Have there been any problems with comfort and HVAC control? [Yes] [No] [Unknown] [NA] If yes, explain:
Ecotope, Inc., 4/30/2015
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Project ID:________

Have there been any problems with lighting and lighting control? [Yes] [No] [Unknown] [NA] If yes, explain:

COMMISSIONING
Was the building commissioned? [Yes] [No] [Unknown] [NA]
Agent: [Designer] [Installer] [3rd Party] [Building Operator] [Unknown] [NA]
Is the final commissioning report onsite? [Yes, onsite] [No, reported, location unknown] [Unknown] [NA]

HVAC Systems commissioned (check all that apply)
EMS

[Yes] [No] [Unknown] [NA]

Building level mechanical systems
Zone level mechanical system

[Yes] [No] [Unknown] [NA]
[Yes] [No] [Unknown] [NA]

Lighting Systems commissioned (check all that apply)
Lighting Controls

[Yes] [No] [Unknown] [NA]

Other: ______________________________________________

Other systems commissioned
Envelope

[Yes] [No] [Unknown] [NA]

Refrigeration

[Yes] [No] [Unknown] [NA]

Other: ______________________________________________

Air Flow Testing & Balanced

[Yes] [No] [Unknown] [NA]

_____Specified on plans
_____TAB documentation available on site
_____Documentation not found

SYSTEM DOCUMENTATION
Was documentation of the HVAC and lighting system available?
HVAC load calculations

[Yes] [No] [Unknown] [NA]

Sequence of operations

[Yes] [No] [Unknown] [NA]

Lighting power calculation

[Yes] [No] [Unknown] [NA]

Other: ______________________________________________
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Project ID:________

UTILITIES: ENERGY SOURCE SUMMARY, WHOLE BUILDING
Energy Source

Used at site?

Energy Source

Used at site?

Energy Source

Used at site?

Electricity

[Yes] [No]

Propane

[Yes] [No]

Purchased Hot Water

[Yes] [No]

Natural Gas

[Yes] [No]

Purchased Cooling

[Yes] [No]

Purchased Steam

[Yes] [No]

Oil

[Yes] [No]

Wood

[Yes] [No]

Other: _____________

[Yes] [No]

UTILITY ACCOUNTS
Utility
Name

3

Type
(G/E/S)

Meter #
(refer to
releases
as
available)

Account #
(refer to
releases as
available)

Street Address
(leave blank if
same as front
page address)

Spaces
Served1

Release
(Y/N)

Area Served by meter
but not audited
Floor
Area2

Area
Description

1

Enter the space Ids of all spaces served by this meter. Indicate percentages if only part of space on given meter.
Indicate enduses if only some end uses on meter.
2

Mostly for central plants. Ask manager for area served by plant or meter, and subtract the surveyed area.

3

Gas, Electric, Steam
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Project ID:________

Describe any unusual meter issues. Particularly when the permitted space is an addition to an existing space, or when the
meters do not cover all end uses.
______________________________________________________________________________________________
______________________________________________________________________________________________
______________________________________________________________________________________________
Describe any major changes that will change energy use between this year and next. Contractor schedules versus
operator schedules, remodels, and what not.
______________________________________________________________________________________________
______________________________________________________________________________________________
______________________________________________________________________________________________
Describe type, use, and quantity of other fuels used on site.
______________________________________________________________________________________________
______________________________________________________________________________________________
______________________________________________________________________________________________

SCHEDULES
Hours Per Week
Schedule Type
Space ID

Doors Open

Ecotope, Inc., 4/30/2015
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HVAC

Season
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Project ID:________

SERVER ROOMS
Space ID
Server Space Type1
Total Floor Area (SqFt)
Integrated with Telecom?

[Y] [N] [Unk]

[Y] [N] [Unk]

[Y] [N] [Unk]

[Y] [N] [Unk]

[Y] [N] [Unk]

[kW] [kVA]

[kW] [kVA]

[kW] [kVA]

[kW] [kVA]

[kW] [kVA]

Does space have dedicated air
conditioning?
(prim=primary, sec=secondary)

[Y, prim]
[Y, sec]
[No]
[Unknown]

[Y, prim]
[Y, sec]
[No]
[Unknown]

[Y, prim]
[Y, sec]
[No]
[Unknown]

[Y, prim]
[Y, sec]
[No]
[Unknown]

[Y, prim]
[Y, sec]
[No]
[Unknown]

If NO: Does data center cause building
system to run extended hours?

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

Total number of servers in use* (#)
Average rack utilization (slots filled)* (%)
Total IT load (from IT contact or UPS)*
(kW)
UPS make / model*
UPS Capacity*
UPS Capacity Unit*
UPS percent load (determined by looking
at UPS digital display panel)*

If YES: Single zone system ID?
Built up system ID?
1 Server

Space Types (choose one – lump all server closets into single entry):

Server Closet is a very small room or closet often outside of central IT control (often at a remote location) that
has little to no security or cooling, usually under 100 sq ft. It usually has fewer than five servers installed. Enter
the number of closets included in this type and sum the components observed in all the room together.
Server Room is a secondary computer location that usually is under IT control, often 100–999 sq ft in size, and
may have some power and cooling as well as security capabilities. It usually has 5–25 servers installed.
Localized Datacenter may be a primary or secondary location that is usually 500–1,999 sq ft, requiring badge or
pin access, and has some power and cooling redundancy to ensure constant temperature and humidity settings.
It usually has 25–100 servers installed.
Midtier Datacenter is the primary server location for an organization. It is a large room, typically 2,000–19,999 sq
ft; has superior cooling systems that are probably redundant; and is usually protected by two levels of physical
and digital security. It usually has 100–500 installed servers.
Enterprise Datacenter is the primary server location for an organization. It is a very large room, often in excess
of 20,000 sq ft; has advanced cooling systems and redundant power; and is protected by multiple levels of
physical and digital security. It usually has 500–1,000+ installed servers.
* Only ask for server rooms or bigger. Not for server closets.
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Project ID:________

LIGHTING
Compliance path:

Space ID

[Space-by-Space] [Whole Building] [Performance] [Unknown]

Designer (name, company, phone)

Designer (name, company, phone)

Controlled by Centralized Lighting Controller:

[Yes] [No] [Unknown]

Is it integrated with HVAC control system:

[Yes] [No] [Unknown]

General lighting control description plus any comments by building operator, tenants or auditor (ask building manager and
tenants about lighting. Do they like it? Do the controls work?).
_________________________________________________________________________________________________
_________________________________________________________________________________________________
Does the building incorporate Sweep Controls?
Whole building:

[Yes] [No] [Unknown]

Space-by-space

:

[Yes] [No] [Unknown]

Maximum zone size (SqFt): _______________ Comments: ___________________________
Occupancy override

[Yes] [No] [Unknown] [NA]

Does the building incorporate Daylighting Controls?
Top Daylighting:

[Yes] [No] [Unknown]

Side Daylighting

:

Occupant override:

[Yes] [No] [Unknown]

[Yes] [No] [Unknown]

Are there residential occupancies in the building?

[Yes] [No] [Unknown]

Unit type: [Lodging], [Motels], [Hotels], [Other]
Occupancy/sweep control on the units? [Yes] [No] [Unknown] [NA] If Yes, Explain: __________________
Parking garage in this building?

[Yes] [No]

Parking garage lighting control type:

[Occupancy] [Daylight] [Timer] [None] [Unknown]

Comments: ________________________________________
Exit signs type: [CFL] [LED] [Phosphorescent] [Incandescent] [Unknown] [NA]
Total number of exit signs: ___________________
Make, model of primary T8 lamp specified: _______________________________________________________
Make, model of actual replacement T8 lamp: _____________________________________________________
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Project ID:________

FIXTURE SCHEDULE
Fixture
Type ID

Fixtur
e Type

Lamp
Type

# of
Lamps

Watts/
Lamp

Ballast
Type

# of
Ballst

Ballst
Factor

Plan
Watts/
Fixtur
e

Field
Verif

Notes
(ballast # if known)

Notes:
For track lighting record # of lamps and lamp type, put lineal feet in notes column.
Ecotope, Inc., 4/30/2015
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Project ID:________

Be sure to document any fixture or lamp types not well characterized in the reference pages.

NOTE LIGHTING FIXTURES THAT ARE DESIGNATED AS “EGRESS LIGHTING”

Ecotope, Inc., 4/30/2015
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Project ID:________

INTERIOR LIGHTING
Subspace Information
SpaceID,
Area (SqFt)
Subspace Type1

1

Fixture
Height

Subspace Type Codes
Aud
Auditoriums
Class
Classroom
Conf
Conference rooms
Core
Building Core/lobby/bathrooms
Jan
Janitorial closet
Eating
Eating areas
Exam
Medical exam rooms

Ecotope, Inc., 4/30/2015

Fixture Type ID

Kit
Mech
Offcl
Offop
Retail
Ware
Show

Fixture Takeoff
Special Code
Cat2

Total Count

Kitchens
Mech
Enclosed Office (<300sf)
Open Office
Retail
Warehouses
Wholesale showrooms
Page 12
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Groc
Gym
2

Grocery
Gyms

Room
Other

Project ID:________

Patient/hotel room
Other

See lighting reference, enter all the apply, do not leave blank

Ecotope, Inc., 4/30/2015
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Project ID:________

Fixtures to NOT Survey:
1. Emergency lighting that is automatically OFF during normal building operation.
2. Lighting that is part of machines or temporary technical production lights in theatres, equipment, or furniture,
except refrigerated case lighting.

EXTERIOR LIGHTING
Exterior Zone is applied to this building: [1] [2] [3] [4]
Parking Area: __________________________

Outdoor Area: __________________________

Building Facade Area: ____________ (illuminated)

Building Perimeter (linear foot): _________ (illuminated)

Discussion:
_________________________________________________________________________________

EXTERIOR FIXTURES:
Fixture
Type ID

Ecotope, Inc., 4/30/2015

Notes

# of
Fixture
s
(Plans)

# of
Fixture
s
(Field)

Use
Type3

Control
Type1
(P/T/A/S/24/O
)

Exempt2
(Yes/No)
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Project ID:________

1 Photocell (P), 7-day time clock (T), astronomical time clock (A), switched (S), 24-hour (24), other (O). If other, enter
details in notes.
2 Explain in notes
3 Enter exterior area use type from lighting reference table
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Project ID:________

MECHANICAL
Individual Package equipment: [Yes] [No] [Unknown]
Built up system:

[Yes] [No] [Unknown]

Single Zone equipment:

[Yes] [No] [Unknown]

Multi Zone equipment:

[Yes] [No] [Unknown]

Primary Sys Heating Fuel:

[Gas] [Oil] [Electric] [Heat Pump] [Other: _____________] [Unknown]

Secondary Sys Heating Fuel:

[Gas] [Oil] [Electric] [Heat Pump] [Other: _____________] [Unknown] [NA]

Reheat Fuel:

[Gas] [Oil] [Electric] [Other: _____________] [Unknown] [None]

Designer (name, firm, and phone number):
_______________________________________________________________
All Systems: Quickly describe the HVAC distribution system and controls. For multi-zone/build-up systems describe
with reference to boiler, chiller, and delivery system numbers and other components.
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________

GENERAL CONTROL SETTINGS:
Scheduling
Space
or
Sys ID

Thermostat
Type1

EMS
(Y/N)

Setback
(Y/N/NA)

Off days
(Y/N/NA)

Occ.
Override
(Y/N)

Fan
Setti
ng2

Vent
Reset3

1

Programmable, Manual, or Slave (sensor for EMS)

2

Fan operation during occupied (Auto if cycles, On if continuous, NA if not fan)

3

None, CO2, Schedule (SCH), Occupancy Sensor (OS), Unknown (UNK)

4

None, RH, Humidity Ratio, Enthalpy, Unknown, Other (specify)

Ecotope, Inc., 4/30/2015

Optimum
Start
(Y/N/NA)

Warmup
OA
Lockout
(Y/N/NA)

Humidity
Devices4,5
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5

Project ID:________

Humidification and dehumidification devices: None, Cooling Coil, Steam Injection, Unknown, Other (specify)

Central DDC Control:

[Yes] [No] [Unknown]

Zone Level DDC Control:

[Yes] [No] [Unknown]

DUCT LOCATION AND INSULATION
Location (describe)

Amount of Duct Work

Duct Insulation

Interior:

[All] [Some] [None] [Unknown] [NA]

[Yes, R-____] [No] [Unknown] [NA]

Buffer Area:

[All] [Some] [None] [Unknown] [NA]

[Yes, R-____] [No] [Unknown] [NA]

Outside:

[All] [Some] [None] [Unknown] [NA]

[Yes, R-____] [No] [Unknown] [NA]

Ecotope, Inc., 4/30/2015
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Project ID:________

SINGLE ZONE CONSTANT AIR VOLUME AND PACKAGE EQUIPMENT (FROM PLANS, VERIFIED WHERE POSSIBLE IN FIELD)
Unit
Dsg1

Space
ID2

Qty

Equip Type
(see notes)

Fan HP
(S/R) 3

Fan
BHP3

CFM

Min OA4

Econo
(y/n)

Heating Output
Cap+Units

Heating
Fuel

Cooling Output
Cap+Units

Brand, Model: _______________________________

Brand, Model: _______________________________

Brand, Model: _______________________________

Brand, Model: _______________________________

Brand, Model: _______________________________

Brand, Model: _______________________________

1

For multizone systems, add “PE” prefix.

2

Enter SPACE ID if single zone equipment.

3

Total supply and return power of system. Required if sum is (>5hp) or if equipment is associated with a system with >5hp total fan power or 10000 CFM or 20 Tons

4

Specify minimum outside air fraction. Add “co2” for demand control ventilation equipment.

5

Enter CW if cooling provided by chilled water
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EQUIPMENT TYPE NOTES
Codes can be found in references. ADD WC for water
cooled, EV for evaporative cooled. ADD IV for inlet vane
and ASD for adjustable speed drive.

Ecotope, Inc., 4/30/2015

Project ID:________

CAPACITY UNITS
KW
HP(horsepower)
KBTU
TON
MBTU
MMBTU
IF CAPACITY IS INPUT ADD “IN” SUFFIX TO UNITS

HEATING FUELS
E = ELECTRICITY
G = NATURAL GAS
HW = HOT WATER
OIL = FUEL OIL / DIESEL
P = PROPANE / BUTANE
OTHER (SPECIFY)
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Project ID:________

HEAT PUMPS
Unit
Dsg

Space
ID2

Qty

Heating
Cap

Cap
Units

Cooling
Cap

Cap
Units

HP
Type1

Work
Fluid

Fan
HP3

Fan
BHP3

CFM

Make, Model: _______________________________

Make, Model: _______________________________

Make, Model: _______________________________

Make, Model: _______________________________

HEAT PUMP TYPE
ASHP
VRF
DHP
GSHP

SPLIT SYSTEM AIR SOURCE
VARIABLE REFRIGERANT FLOW
MINI-SPLIT
GROUND SOURCE HEAT PUMP

1

Include all applicable codes

2

Include SPACE ID for single zone equipment

CAPACITY UNIT CODES

WORKING FLUID

KBTU
MMBTU
HP(horsepower)
TON
OTHER (SPECIFY)_________________

AIR TO AIR
WATER TO WATER
WATER TO AIR
AIR TO WATER
OTHER (SPECIFY)_________________

3 Total supply and return power of system. Required if sum is (>5hp) or if equipment is associated with a system with
>5hp total fan power or 10000 CFM or 20 Tons.
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Project ID:________

MULTIZONE AIR, HYDRONIC, AND OTHER COMPLEX SYSTEMS
Delivery System # _________: This system provides: [Heat] [Cool] [Vent]
From Plans? [Yes] [No]

Field Verified? [Yes] [No]

Total Area Served: _____________ SqFt

Space ID Served: SPACE-____________

Description: _____________________

System Type: _______________________
SYSTEM TYPE CODES
CV
VAV
SZVAV
HPLP
VVT
VRF
2PFC
4PFC

CONSTANT VOLUME (REHEAT)
VARIABLE AIR VOLUME
SINGLE ZONE VARIABLE AIR VOLUME
HEAT PUMP LOOP
VARIABLE VOLUME-TEMPERATURE
VARIABLE REFRIGERANT FLOW
TWO PIPE FAN COIL
FOUR PIPE FAN COIL

SYSTEM TYPE CODES, CONTINUED
UAFD
UNDERFLOOR SYSTEM
SPECIFY OTHER SYSTEMS

FUEL TYPE CODES
E
ELECTRICITY
NG
NATURAL GAS
OIL
FUEL OIL / DIESEL
HW
HOT WATER FROM BOILER
OTHER (SPECIFY)

Configuration: [Package] [Built-up] [Unknown]
Total CFM _____________ MinOA ________________ Enter fraction or cfm depending on how
controlled
Economizer:

[Yes] [No] [NA] [Unknown]

Economizer Type: [Air] [Water] [Unknown]

Sub-Zone Reheat:

[Yes] [No] [NA] [Unknown]

Reheat Fuel Type: _____________

Humidifier:

[Yes] [No] [NA] [Unknown]

Type: __________________

Dehumidifier

[Yes] [No] [NA] [Unknown]

Type: __________________

Heat Source (reference to boiler#, HP#, or none):

_______ ________ _______ [None]

Cool Source (ref. to chiller/tower#, HP#, or none):

_______ ________ _______ [None]

Compressor capacity (this system): __________ (tons), or__________ (total CFM)
Fans Serving (reference to fan #):

_______ ________ _______ [None]

Pumps Serving (reference to Pump#)

_______ ________ _______ [None]

Package Eq Number (ref. to pkg# or HP#):

_______ ________ _______ [None]

Terminal Units (ref. to terminal number):

_______ ________ _______ [None]
_______ ________ _______

Other Terminals (ref. to terminal#):

_______ ________ _______ [None]

Control Strategies (this system. Describe strategy. List duct static pressure and design deck temperature, and bounds of
reset schedules if known)
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
Specific items:
[ ]

OA Control: [Fixed Pct] [Fixed CFM] [Occ] [CO2] [Sch] [Unknown] [Other]: ___________

[ ]

Terminal Minimum Reset: [Yes] [No] [NA] [Unknown]
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Project ID:________

[ ]

Deck Temp. Reset: [Yes, on critical zone temp] [Yes, other] [No] [NA] [Unknown]

[ ]

Deck Pressure Reset: [Yes, on critical zone] [Yes, other] [No] [NA] [Unknown]

[ ]

Night Time “setback”: [Yes] [No] [NA] [Unknown]

[ ]

7-day Scheduling Capability: [Yes] [No] [NA] [Unknown]

[ ]

Setback Control: [Occupancy] [Timer] [Other] [NA] [Unknown]

[ ]

Terminal Fan Speed: [Constant] [Variable] [NA] [Unknown]

[ ]

Heat Recovery: [Refrigeration] [Exhaust Air] [None] [Unknown] [Other]: ___________

[ ]

Exhaust Air Heat Recovery Type: [Enthalpy] [Plate] [Loop] [Unknown] [Other]: __________
Recovery Efficiency (if available): _________________ Percent

Ecotope, Inc., 4/30/2015
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Project ID:________

BOILERS
Unit
Dsg

Qty

Fuel

Load
Type

Boiler
Type

Burner
Type

Output
Cap

Cap
Units

Eff.

Eff
Units

Control
Type1

Make, Model: _______________________________

Make, Model: _______________________________

Make, Model: _______________________________

Make, Model: _______________________________

Make, Model: _______________________________

Make, Model: _______________________________

1

Include all applicable control strategies

Do steam condensate return and process hot water return: [Yes] [No] [NA]
FUEL TYPE CODES
E
ELECTRICITY
NG NATURAL GAS
OIL FUEL OIL / DIESEL
GO GAS/OIL (DUEL FUEL)
P
PROPANE / BUTANE
WH WASTE
ST
STEAM (purchased from outside)
OTHER (SPECIFY)
LOAD TYPES
S
SPACE HEAT ONLY
SW SPACE HEAT AND WATER HEAT
W
WATER HEAT ONLY
P
PROCESS HOT WATER HEATING
OTHER (SPECIFY)

Describe: _______________________

BURNER TYPE
NAT = NATURAL DRAFT
PWR = POWER DRAFT
CAPACITY UNITS
KBTU
MMBTU
HP(horsepower)
KW
OTHER (SPECIFY)_______________________
CONTROL TYPE CODES
B1
CYCLING
B2
TEMPERATURE RESET
B3
O2 TRIM CONTROL
B4
MODULATING
B5
STAGED

BOILER TYPES
HW
HOT WATER
S
STEAM
HWD DIRECT HOT WATER (NO HX)
SD
DIRECT STEAM (NO HX)

Ecotope, Inc., 4/30/2015
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Project ID:________

CHILLERS
Unit
Dsg

Qty

Cap

Cap
Units

Compressor
Type

Source:
Water/Air

Heat
Recovery
(Y/N)

Staged

Control Type1

Make, Model: _______________________________

Make, Model: _______________________________

Make, Model: _______________________________

Make, Model: _______________________________

1

Include all applicable control strategies
CAPACITY UNIT CODES

COMPRESSOR TYPE
CENT
CENTRIFIGAL
SCREW
ROTARY SCREW CHILLER
RECIP
RECIPROCATING
SCRO
SCROLL
ABO
ABSORPTION FROM OIL
ABG
ABSORPTION FROM GAS
ABW
ABSORPTION FROM WASTE HEAT
ABS
ABSORPTION FROM STEAM
OTHER (SPECIFY) ____________________

KBTU
MMBTU
HP(horsepower)
TON
OTHER (SPECIFY) _______________________
CONTROL TYPE CODES
C1
C2
C3

TEMPERATURE RESET
MODULATING
MODULATING –VFD

COOLING TOWERS/DRY COOLER
Unit
ID

Qty

Equip
Type

GPM

1

Approach temperature

2

Enter zero for natural draft units

Cap

EQUIPMENT TYPE CODES
DC
DRY COOLER
CT
COOLING TOWER – DIRECT
CTHX
COOLING TOWER - INDIRECT
TEMPERATURE CONTROL CODES
FX
FIXED TEMPERATURE – NO RESET
WB
TEMPERATURE RESET ON WET BULB
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Dt1

EWT

LWT

Temp
Control

Cap
Control

# of
Fans2

Fan
HP

CAPACITY CONTROL CODES
SS
SINGLE SPEED
TS
TWO SPEED
VS
MODULATING –VFD
FB
FLUID BYPASS
STG STAGED
OTHER (SPECIFY): _______________________
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Project ID:________

DB
TEMPERATURE RESET ON DRY BULB
OTHER (SPECIFY): _______________________
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Project ID:________

FANS (1HP and larger, from plans field verified where possible. Do not include fans in package units)
Note: Fans cannot be combined from different systems. Total fan HP must be assigned to each system.
Unit
Dsg

Qty

HP

BHP

1

Include all applicable control strategies

2

Include MERV rating if available

Work
Type

WORK TYPE
AHU = SUPPLY&RETURN FAN
SF = SUPPLY FAN
RF = RETURN FAN
EF = EXHAUST FAN
DCV = EXHAUST/SUPPLY VENTILATION FAN
EFGR = GARAGE EXHAUST
CT= COOLING TOWER
INTR = OTHER INTERMITTENT FAN
CONT= OTHER CONTINUOUS FAN (>1000 HRS)
HOOD = KITCHEN/LAB EXHAUST HOOD

Ecotope, Inc., 4/30/2015

Control1

Dsgn Flow

Ext. Dsgn
dP

Vane
Axial?

Filtration
(Y/N & MERV2)

CONTROL TYPE CODES
F1 = CONSTANT
F2 = MULTI-SPEED MOTOR
F3 = INLET VANES
F4 = CONE
F5 = ASD–VFD
F6 = DISCHARGE DAMPER
F7 = BYPASS DAMPER
F8 = CYCLING ON THERMOSTAT
F9 = CYCLING ON AIR QUALITY
F10 = VARIABLE PITCH
F11 = DCV
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Project ID:________

PUMPS (1HP and larger, from plans field verified where possible. Do not include pumps designed for emergency
operation)
Unit
Dsg

1

Qty

HP

BHP

Work
Type

Control1

Dsgn Flow

Dsgn
dP

Include all applicable control strategies
WORK TYPE
PCC= PRIMARY CHILLED WATER CIRCULATION
SCC= SECONDARY CHILLED WATER CIRCULATION
PHC= PRIMARY HOT WATER CIRCULATION
SHC= SECONDARY HOT WATER CIRCULATION
CN=CONDENSOR WATER
HP=WATER SOURCE HEAT PUMP CIRCULATION
INTR = OTHER INTERMITTENT PUMP
CONT= OTHER CONTINUOUS PUMP (>1000 HRS)
EM =EMERGENCY USE ONLY
DB = Domestic water booster pump
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CONTROL TYPE CODES
P1 = CONSTANT
P2 = CYCLING ON DEMAND
P3 = DISCHARGE VALVE
P4 = ASD-VFD
P5 = STAGED WITH OTHER PUMPS
P6 = SPEEDS STAGED
P7 = BYPASS VALVE
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Project ID:________

TERMINAL UNITS (fan powered boxes, VAV boxes, HW unit heaters, fan coils, unit ventilators READ NOTE 2)
Terminal
Unit
Dsg1

Terminal
Type

Qty2

HP

BHP

Motor
Type3

Fan
Flow

Primary Air
Max
Flow

Min
Flow

Heat
Cap

Heat
Units

Make/Model

1

best if not unique. Use same value for all units on the
same system.
2
FOR THIS PAGE ONLY – Units with different flows or
heat capacity can be lumped together. Sum flows and heat
capacity for all units in lump and enter the number of units.
Lump units based upon terminal & motor type, motor HP,
and presence of heat.
3
std-standard or ECM
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TERMINAL TYPE
VAV = FANLESS VAV BOX
INDUCT = FANLESS INDUCTION BOX
PARALLEL = VAV PARALLEL FAN POWERED BOX
SERIES = VAV SERIES FAN POWERED BOX
UV = UNIT VENTILATOR
UH = UNIT HEATER

Page 29

COMMERCIAL CODE EVALUATION PILOT STUDY: ONSITE SURVEY FORM

Ecotope, Inc., 4/30/2015

Project ID:________

Page 30

COMMERCIAL CODE EVALUATION PILOT STUDY: ONSITE SURVEY FORM

Project ID:________

DOMESTIC/SERVICE HOT WATER
General System Type
[ ] None
[ ] Individual water heating tank(s), Number of tanks: ____________
[ ] Central Boiler(s) (for water heating only), Indicated Boiler #: _____________
[ ] Central boiler (combined with space heating), Indicated Boiler #: _____________
[ ] Other (Please specify): _________________________
[ ] Unknown
Heat Exchanger to storage tank?
Circulation Loop

[Yes] [No] [Unknown] [NA]

?

[Yes] [No] [Unknown] [NA]

Pipe insulation:

R-value: ___________ [Unknown] [NA]

Pump control:

[Timer] [Demand] [Pressure] [None]

Total pump HP:

HP: ______________ [Unknown] [NA]

Water Uses (Mark ALL boxes that apply)
Kitchenette

[ ]1

Commercial Kitchen

[ ]7

Residential use

[ ]2

Commercial Dishwasher

[ ]8

Lavatory

[ ]3

Sterilization

[ ]9

Showers

[ ]4

Other (Please Specify)

[ ] 10

Laundry
Commercial Laundry

[ ]5
[ ]6

____________________________
Don’t Know

[ ] 11

Service Hot Water Heater System Info (DHW tanks and storage tanks)
Qty

1

Fuel1

Storage
(gallons)

Cap

Cap
Units

Eff.

Eff Units

Space ID

Manu, Model

Enter fuel code or boiler number
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Page 31

COMMERCIAL CODE EVALUATION PILOT STUDY: ONSITE SURVEY FORM

FUEL TYPE CODES
E
ELECTRICITY
NG NATURAL GAS
OIL FUEL OIL / DIESEL
GO GAS/OIL (DUEL FUEL)
P
PROPANE / BUTANE
WH WASTE
ST
STEAM (purchased from outside)
OTHER (SPECIFY)
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Project ID:________

CAPACITY UNITS
KBTU
MMBTU
HP(horsepower)
KW
OTHER (SPECIFY)_______________________
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Project ID:________

MISCELLANEOUS
Heat Recovery Equipment: [Yes] [No] [NA] [Unknown]

HR From

HR To

HR FROM TYPES
BUILDING EXHAUST AIR
COMBUSTION FLUE GASES
LAUNDRY DRYER EXHAUST
WASTE WATER
REFRIGERATION EQUIPMENT
RANGE HOOD
DISHWASHER HOOD
OTHER (SPECIFY)

Capacity/units

HR TO TYPES
SERVICE HOT WATER
SPACE HEAT
ECONOMIZER
OTHER (SPECIFY)

CAPACITY UNITS
CFM
BTU

POOLS AND SPAS
Indicate the surface area of pools or spas. Indicate “None” if not present.
Equipment
Spa/Pool/Non
e

Surface
Area

HEATER TYPE CODES
CB CENTRAL BOILER
SAB STAND-ALONE BOILER
RES ELECTRIC RESISTANCE
HP HEAT PUMP
NONE
OTHER (SPECIFY)

Ecotope, Inc., 4/30/2015

Indoor/
Outdoor

Conditioned
Space (Y/N)

Humidit
y
Control
(Y/N)

Cover
Used
(Y/N)

Heater
Type

Fuel
Type

Boiler
Reference

Months
Heated

FUEL TYPE CODES
E
ELECTRICITY
NG NATURAL GAS
OIL FUEL OIL / DIESEL
P
PROPANE / BUTANE
WH WASTE
ST
STEAM (purchased from outside)
OTHER (SPECIFY)
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Project ID:________

SPECIFIC MISCELLANIA
Functional Use Type
Retail/Grocery

Space1

Equipment

Space1

Space1

Area of Mezzanines.
Area of Outdoor Compressor Building

Office

Warehouse

Health

Food Prep - Meat Dept.

[Y]

[N]

[Y]

[N]

[Y]

[N]

Food Prep – Bakery

[Y]

[N]

[Y]

[N]

[Y]

[N]

Food Prep – Deli

[Y]

[N]

[Y]

[N]

[Y]

[N]

[Y]

[N]

[Y]

[N]

[Y]

[N]

[Y]

[N]

[Y]

[N]

[Y]

[N]

Occupants

(#)

PCs

(#)

Forklifts – gas / propane (circle fuel)

(#)

Forklifts - electric

(#)

Beds

(#)

Patient Nights

(#)

PCs

(#)

Labs

(SqFt)

Laundry Facility
Lodging, Fire Stations, Rooms
Jails

(#)

Average occupancy

(%

Laundry Facility
Residential

Units

(#)

Bedrooms

(#)

Laundry (In unit, Building, or None)
School

Students

(#)

Student Capacity
(SPI)

(#)

Classrooms

(#)

PCs

(#)

Area of Mechanical Mezzanine
ALL BUILDINGS
Kitchens

Electric / Gas

Space:

Space:

Is Kitchen present?

[Y]

[N]

[Y]

[N]

[Y]

[N]

Kitchen type: Full Service or Warming

[F]

[W]

[F]

[W]

[F]

[W]

[Y]

[N]

[Y]

[N]

Number of Meals
Served/day

(#)

Primary Cooking Fuel

[E]

Laundry

Is laundry facility present?

Other equipment

Elevators

(#)

Escalators

(#)
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Space:

[G]
[Y]

[N]

Page 34

COMMERCIAL CODE EVALUATION PILOT STUDY: ONSITE SURVEY FORM

Onsite energy

PV

(KW)

Wind

(KW)

Co-Generation

(KW)

Project ID:________

Other (describe)
Misc Equipment

Air Compressors

(HP)

[E]

[G]

(hcap)

[E]

[G]

(MW)

[E]

[G]

Vehicle Refueling

(#)

[E]

[G]

Other (Describe)

(#)

[E]

[G]

Other (Describe)

(#)

[E]

[G]

Other (Describe)

(#)

[E]

[G]

Other (Describe)

(#)

[E]

[G]

Kilns/Industrial Furnaces
Cogeneration

1 Space here refers to specific ownership or metering. A school would have a single entry even though it would have
several space IDs. A strip mall might have three entries.
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Project ID:________

REFRIGERATION EQUIPMENT
Are there refrigeration systems in this building?

[Yes] [No] [Unknown]

Is this refrigeration supporting display cases?

[Yes] [No] [Unknown] [NA]

Percent of display cases that are open:

_______________%

Does this refrigeration support walk-in coolers? [Yes] [No] [Unknown] [NA]
Total refrigeration capacity: ________________________________Tons
Total length of refrigeration cases: ___________________________Feet
Case Lighting (estimated percent):
[Florescent T-5]:

_________%

[Florescent T-8]:

_________%

[Florescent T-12]:

_________%

[LED]:

_________%

[Unknown]:

_________%

Total cooler and freezer walk-in area: __________________________________________SqFt

EXHAUST HOOD EQUIPMENT
Does this building have exhaust hoods?
Laboratory:

[Yes] [No] [Unknown]
[Yes] [No] [Unknown] [NA]

Hood type: [Exhaust] [Variable Volume] [Compensating] [Unknown]
Fan ID: ______________
Makeup heat recovery:

[Yes] [No] [Unknown] [NA]

Linear Feet of lab hood: ____________________________________
Kitchen, food prep:

[Yes] [No] [Unknown] [NA]

Hood type: [Exhaust] [Compensating] [Demand Control] [Unknown]
Fan ID: ______________
Makeup heat recovery:

[Yes] [No] [Unknown] [NA]

Linear feet of kitchen hood: _________________________________
Other occupancy:

[Yes] [No] [Unknown] [NA]

Other type: ______________________________________
Hood type: [Exhaust] [Compensating] [Unknown] [Other]: __________________
Fan ID: ______________
Linear Feet of other hood: __________________________________
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Project ID:________

COMPONENT AREA TAKE OFFS - GROSS AREAS
Unheated or semi-heated spaces (from page 1): Space ID __________ __________ __________ __________
WALLS

Space ID1
SPACE-

Wall Type
ID

Location

Gross Area

To Space
ID2

Verified

WALL-

CEILINGS/ROOFS
SPACE-

ROOF-

FLOORS

Space ID
SPACE-

Type ID

Location

Gross
Area

Perimeter

To Space
ID1

Verified

FLR-

1

If no differences in conditioning, envelope can be for whole building. Leave space ID blank.

2

For wall, roof/ceiling, floor to semi or unheated spaces only.
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Do the entrances have vestibules?

Project ID:________

[Yes] [No]

WINDOWS
Space
ID
Space-

In Wall
Type ID

Window
Type ID

Wall-

Win-

Location

Area

% Area1

% Area!

% Area1:

% Area1

Dir: _____ Dir: _____ Dir: _____ Dir: _____

Verified

SKYLIGHTS – enter tilt in location ( 0=horizontal, 90=vertical)
Space-

Roof-

Win-

DOORS
Space
ID
Space-

In Wall
Type ID
Wall-

Door
Type ID

Location

Area

Verified

Door-

Estimate from building elevations or direct observation

Ecotope, Inc., 4/30/2015
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Project ID:________

WALL TYPES
ID:
Plans U-Factor:

__________
U-_____

Wall Type: AG-Above Grade

__________
U-_____

__________
U-_____

[AG]

[AG]

[AG]

BG-Below Grade, spec avg Depth (ft)

[BG] _____

[BG] _____

[BG] _____

BUF-Buffer

[BUF]

[BUF]

[BUF]

_______________

_______________

_______________

[Yes] [No] [Unk]

[Yes] [No] [Unk]

[Yes] [No] [Unk]

W-wood

[W]

[W]

[W]

M-Metal

[M]

[M]

[M]

U-Unknown

[U]

[U]

[U]

__________

__________

__________

[2x4]

[2x4]

[2x4]

[2x6]

[2x6]

[2x6]

__________

__________

__________

[16”] [24”] [48”]

[16”] [24”] [48”]

[16”] [24”] [48”]

[NA] [Unknown]

[NA] [Unknown]

[NA] [Unknown]

[Other]:_____
[Yes] [No] [Unk]
[6”] [8”] [Oth]:_____

[Other]:_____
[Yes] [No] [Unk]
[6”] [8”] [Oth]:_____

[Other]:_____
[Yes] [No] [Unk]
[6”] [8”] [Oth]:_____

Concrete blocks: Yes/No/Unknown
Thickness: 4”/6”/8”/Other

[Yes] [No] [Unk]
[4”] [6”] [8”]
[Oth]:___

[Yes] [No] [Unk]
[4”] [6”] [8”]
[Oth]:___

[Yes] [No] [Unk]
[4”] [6”] [8”]
[Oth]:___

Brick: Yes/No/Unknown
Thickness: 4”/8”/12”/Other

[Yes] [No] [Unk]
[4”] [8”] [12”]
[Oth]:__

[Yes] [No] [Unk]
[4”] [8”] [12”]
[Oth]:__

[Yes] [No] [Unk]
[4”] [8”] [12”]
[Oth]:__

Curtain wall: Yes/No/Unknown

[Yes] [No] [Unk]

[Yes] [No] [Unk]

[Yes] [No] [Unk]

__________

__________

__________

R-_______

R-_______

R-_______

Describe buffer:
Structural Elements
Framed: Yes/No/Unknown
Material:

Other, specify:
Thickness: 4 – 4 inches
6 – 6 inches
Other, specify:
Stud spacing: 16”/24”/48”/NA/Unk/Other

Concrete: Yes/No/Unknown
Thickness: 6”/8”/Other

Other (panels, foam forms, etc.) describe:
Insulation Sum of installed R-value
Batts - check if present. Specify R if known

R-______

R-______

R-______

Rigid - check if present. Specify R if known
Thickness (in.):
Location: I-interior, E-Exterior

R-______
In-______
[I] [E]

R-______
In-______
[I] [E]

R-______
In-______
[I] [E]

Spray On R

R-______

R-______

R-______

Thermal block between siding and purlin

R-______

R-______

R-______

CMU Cores: Yes/No/Unknown
UN-Uninsulated
LF- Loosefill cores
RI- Rigid Inserts
Ecotope, Inc., 4/30/2015

[Yes] [No] [Unk]
[UN]
[LF]
[RI]

[Yes] [No] [Unk]
[UN]
[LF]
[RI]

[Yes] [No] [Unk]
[UN]
[LF]
[RI]
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Other, specify:

Project ID:________

__________

__________

__________

[Yes] [No]

[Yes] [No]

[Yes] [No]

insulation compressed between siding &

[Yes] [No]

[Yes] [No]

[Yes] [No]

insulation fills between purlins

[Yes] [No]

[Yes] [No]

[Yes] [No]

thermal block between siding and purlin

[Yes] [No]

[Yes] [No]

[Yes] [No]

Sheet metal siding

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

Metal Building
purlin

Field Review:
This component was checked in the field
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Project ID:________

ROOF TYPES
ID:
Plans U-Factor:

__________
U-_____

__________
U-_____

__________
U-_____

Structure:
WD Wood Frame
IJ
Wood I-joists
MT Metal Truss
CON Concrete
UNK Unknown
Other, describe:

[WD]
[IJ]
[MT]
[CON]
[UNK]
[OTH]:_____

[WD]
[IJ]
[MT]
[CON]
[UNK]
[OTH]:_____

[WD]
[IJ]
[MT]
[CON]
[UNK]
[OTH]:_____

__________

__________

__________

[Yes] [No] [Unk]

[Yes] [No] [Unk]

[Yes] [No] [Unk]

[AT]
[BR]
[CAV]
[UND]
[DROP]
[OP]
[BET]
[UNK]
[OTH]:_____

[AT]
[BR]
[CAV]
[UND]
[DROP]
[OP]
[BET]
[UNK]
[OTH]:_____

[AT]
[BR]
[CAV]
[UND]
[DROP]
[OP]
[BET]
[UNK]
[OTH]:_____

R-_______

R-_______

R-_______

Misc
What is roof pitch?
Is Attic space present?
Insulation - Location
AT
- Attic
BR
- Built up roof
CAV
- Framed Cavity
UND
- Underside of roof – open cavity
DROP
- On dropped ceiling
OP
- Between purlin/truss & exterior roof
BET
- Between purlins or trusses
UNK
-Unknown
Other Describe:
Insulation: Sum of installed R-value
Batts - check if present. Specify R if known

R-______

R-______

R-______

Loose Fill - check if present. Specify R.

R-______

R-______

R-______

Rigid - check if present. Specify R if known
Thickness (in.):
Location: I-interior, E-Exterior

R-______
In-______
I
E

R-______
In-______
I
E

R-______
In-______
I
E

Spray On R

R-______

R-______

R-______

Blanket - check if present. Specify R if known

R-______

R-______

R-______

Thermal block between roofing and purlin

R-______

R-______

R-______

__________

__________

__________

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

[Yes] [No]

Other: specify
Metal Building
Sheet metal roofing
Insulation installed on between purlin on
continuous plastic liner/membrane ( not compressed)
Field Review:
This component was checked in the field
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Project ID:________

FLOOR TYPES
Floor Type ID:

__________

__________

__________

U-__________

U-__________

U-__________

[OC]
[FL]
[FJ]
[FM]
[CS]
[CB]: _____
[CN]
[OT]: _____

[OC]
[FL]
[FJ]
[FM]
[CS]
[CB]: _____
[CN]
[OT]: _____

[OC]
[FL]
[FJ]
[FM]
[CS]
[CB]: _____
[CN]
[OT]: _____

[Yes, Inoperable]
[Yes, Operable]
[No]
[Unknown]
[NA]

[Yes, Inoperable]
[Yes, Operable]
[No]
[Unknown]
[NA]

[Yes, Inoperable]
[Yes, Operable]
[No]
[Unknown]
[NA]

R-______
[Unknown] [NA]

R-______
[Unknown] [NA]

R-______
[Unknown] [NA]

Batts insulation in Joists

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

Continuous rigid insulation

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

Continuous spray-on insulation

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______
Type: _________

[Yes] [No]
[Unknown] [NA]
R-______
Type: _________

[Yes] [No]
[Unknown] [NA]
R-______
Type: _________

Perimeter insulation

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

Extends to top of slab?

[Yes] [No]
[Unknown] [NA]

[Yes] [No]
[Unknown] [NA]

[Yes] [No]
[Unknown] [NA]

Inside or outside footing?

[Inside] [Outside]
[Unknown] [NA]

[Inside] [Outside]

[Inside] [Outside]

[Unknown] [NA]

[Unknown] [NA]

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

[Yes] [No]
[Unknown] [NA]
R-______

Plans U-Factor:
Floor Type:
OC
FL
FJ
FM
CS
CB
__
CN
OT

Over Crawl or Buffer
Frame – Lumber
Frame – I-Joists
Frame – Metal
Concrete – Slab on Grade
Concrete – Below Grade, Depth (ft):
Concrete – Not in Earth Contact
Other (panels, etc.), specify:

Crawl Space Insulation
Is the crawl space vented?

Crawl space insulation on perimeter wall
Frame Insulation

Other insulation

Slab/Concrete Insulation

Center/under-floor insulation
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Project ID:________

Field Review
This component was checked in the field
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Project ID:________

DOORS
Door Type ID:
Plans U-Factor:

__________

__________

__________

U-_____

U-_____

U-_____

Door Type
WD

Wood door

[WD]

[WD]

[WD]

SD

Standard steel door

[SD]

[SD]

[SD]

OD

Standard overhead door

[OD]

[OD]

[OD]

CD

Coil door

[CD]

[CD]

[CD]

IMD Insulated metal door

[ISD]

[ISD]

[ISD]

IOD Insulated overhead door

[IOD]

[IOD]

[IOD]

________

________

________

[Yes] [No]

[Yes] [No]

[Yes] [No]

Panes:

________%
[1] [2] [3]

________%
[1] [2] [3]

________%
[1] [2] [3]

Automatic door controls

[Yes] [No] [Unk]

[Yes] [No] [Unk]

[Yes] [No] [Unk]

_______________

_______________

_______________

Field Review:

[Yes] [No]

[Yes] [No]

[Yes] [No]

Door Type ID:

__________

__________

__________

U-_____

U-_____

U-_____

Other, specify:
Glazing
Percent Glazed:

Describe:

Plans U-Factor:
Door Type
WD

Wood door

[WD]

[WD]

[WD]

SD

Standard steel door

[SD]

[SD]

[SD]

OD

Standard overhead door

[OD]

[OD]

[OD]

CD

Coil door

[CD]

[CD]

[CD]

IMD Insulated metal door

[ISD]

[ISD]

[ISD]

IOD Insulated overhead door

[IOD]

[IOD]

[IOD]

________

________

________

[Yes] [No]

[Yes] [No]

[Yes] [No]

Panes:

________%
[1] [2] [3]

________%
[1] [2] [3]

________%
[1] [2] [3]

Automatic door controls

[Yes] [No] [Unk]

[Yes] [No] [Unk]

[Yes] [No] [Unk]

_______________

_______________

_______________

[Yes] [No]

[Yes] [No]

[Yes] [No]

Other, specify:
Glazing
Percent Glazed:

Describe:
Field Review:
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Project ID:________

WINDOWS
Window Type ID: ____________________________
Source: ____________________

Better Source: _____________________

U-_____

U-_____

SC-_____

SC-_____

SHGC-_____

SHGC-_____

VLT-_____

VLT-_____

[Yes] [No] [Unk]

[Yes] [No] [Unk]

U-Factor:
Shade Coefficient:
SHGC:
VLT:
Center of Glass?
Opening (circle one):

[Window – Manufactured]
[Window – Site Built Store Front]
[Window – Site Built Curtain wall]
[Window – Site Built Other]
[Skylight]
[Other]: ___________________
[Unknown]

Description/Notes: _________________________________________________

Typical Head Height – First Floor ____________, Middle Floor ________________, Top Floor _____________
Percent Operable: ____________%

Type: [Slider] [Casement] [Awning] [Single Hung] [Double Hung]

Frame Material (circle one):
[Vinyl]
[Wood]
[Aluminum with thermal break]
[Aluminum without thermal break]
[Aluminum unknown thermal break]
[Other]: _______________________
[Unknown]
Glazing
Number of glazing layers:

[1] [2] [3] [Unknown]

Low-ε coating:

[Yes] [No] [Unknown]

Tinted:

[Yes] [No] [Unknown]

Reflective

[Yes] [No] [Unknown]

Gas filled:

[Yes] [No] [Unknown]

Spacing:

[<=3/8”] [ >=1/2”] [Unknown]
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Project ID:________

NFRC ratings (if available): U-Value: _______________, SHGC: _______________, VT: _______________

The remaining data on this sheet can be ignored if the NFRC rating is available.
Low-E Meter Readings
Low-ε coating

[Yes] [No] [Unknown]

Reading from INSIDE:

[Clear] [Near] [Far]

Reading from OUTSIDE:

[Clear] [Near] [Far]

(Based on low-e meter)

Frame Manufacturer, Model: _______________________________________
Glass Manufacturer, Model (plans): _______________________________________
Sealed Unit Manufacturer, Model (plans): __________________________________
Installer: ______________________________________________________
General Contractor: ______________________________________________________

Glass Manu/spacer info (middle floor or so):
Glass Manu

Ecotope, Inc., 4/30/2015

Spacer Info

Page 47

COMMERCIAL CODE EVALUATION PILOT STUDY: ONSITE SURVEY FORM

Project ID:________

SHADING
Orientation

Shading Type

Estimated Projection Factor (PF):

North

[None] [0.01-0.19] [0.2-0.5] [>0.5]

East

[None] [0.01-0.19] [0.2-0.5] [>0.5]

South

[None] [0.01-0.19] [0.2-0.5] [>0.5]

West

[None] [0.01-0.19] [0.2-0.5] [>0.5]

SHADING TYPES
EVE ON TOP FLOOR
EVE ON ALL FLOORS
AWNING
VERTICAL FINS ADJACENT TO WINDOWS
VERTICAL FINS OVER WINDOWS
HORIZONTAL FINS OVER WINDOWS
EXTERIOR BARS
INTERIOR BARS

PROJECTION FACTOR
PF= LENGTH OF HORIXONTAL SHADING ELEMENT/VERTICAL
HEIGHT OF WINDOW TO UNDER SIDE OF ELEMENT

AIR SEALING AND TESTING
How did building comply with air leakage provisions of code: [Materials] [Assemblies] [Testing] [Unknown] [NA]
Are air barrier installation details included in the as-built drawings reviewed?
If yes check all that apply:

Was an air leakage test conducted

[Yes] [No] [Unknown] [NA]

Wall details

[Yes] [No] [Unknown] [NA]

Ceiling details

[Yes] [No] [Unknown] [NA]

Other elements on plans

[Yes] [No] [Unknown] [NA]

[Yes] [No] [Unknown] [NA]

If yes: Testing firm: __________________________________________
Test results: _______________ CFM
Reference Pressure: ________ Pa
Was air leakage required by local code jurisdiction?
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Project ID:________

SITE VISIT CHECKLIST
________

Verify main HVAC types and configuration

Pages 16–25

________

Verify secondary systems type and configuration

Pages 16–25

________

Get HVAC make and model

Pages 16–25

________

Verify major pump motor size and control, and get efficiency

Page 28

________

Verify major fan motor size and control, and get efficiency

Page 27

________

Ask about commissioning? HVAC? Lighting?

Page 4

________

Utility Meters and Release

Page 5

________

Verify main lighting fixtures (assumes light takeoffs
completed from plans)

Pages 9–14

________

Determine lighting controls and schedule. Check local
switching.

Page 10

________

Footcandle measurements of major space, fixture height

Page 12

________

Photos: Interior looking out,

________

Photos: Building Face and Exposure

________

Photos: Meters

________

Glass Specification

Page 46

________

Glass Area, wall area

Page 37

________

Server Rooms

Page 8

________

Domestic Hot Water system Uses/cafeteria

Page 31

________

Miscellaneous Loads/ cafeterias

Page 33

BUILDING CONTACTS
Name
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Glossary of Acronyms
DDC

Direct Digital Control

EUI

Energy Use Intensity

HID

High-intensity Discharge

HVAC

Heating, Ventilation, and Air Conditioning

LED

Lighting Emitting Diode

LPD

Lighting Power Density

QA/QC

Quality Assurance/Quality Control

VAV

Variable Airflow Volume

WSEC

Washington State Energy Code
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Introduction

As an adjunct to the compliance assessment task in the Commercial Code Evaluation Pilot
Study, Ecotope implemented a deeper lighting and heating, ventilation, and air conditioning
(HVAC) controls survey on two buildings in the Pilot Study sample. Controls compliance was
not a major focus of the main compliance assessment survey, largely due to the expense and
complexity involved in obtaining useful controls data. The deeper controls survey was designed
to collect more detailed controls characteristics and to determine compliance, if possible, on
those characteristics. The intention of the controls survey was to assess the value of a more indepth review in terms of its feasibility and effectiveness (time added versus improvement in
identifying compliance and energy performance). This memo presents the methodology,
findings, and recommendations from this effort.

2.

Methodology

The controls survey focuses on specifics of HVAC and lighting system controls, including:


The presence of full (seven-day) scheduling capability



Pressure/temperature reset controls for boilers and variable airflow volume (VAV)
systems



Outside air control, especially for economizers and morning warm-up (optimal start)



Lighting occupancy sensors, daylighting controls, and sweep controls

The expanded field protocol required a more in-depth review of as-built plans and also a deeper
focus on HVAC and lighting systems while in the field (see Attachment A of this memo for the
controls survey form). The basic lighting survey used in the Pilot Study did not include a detailed
room-by-room review of occupancy and daylighting sensor and sweep control presence/efficacy,
so these were the primary concerns of the detailed review. On the HVAC side, the more detailed
review involved a careful look at system controls for both heating/cooling and outside air and
fans, including full schedules/setpoints and outside air control type/efficacy.
The detailed review was carried out on two elementary schools located in western Washington.
Each school had a floor area of about 80,000 ft2, with both being permitted under the 2009
Washington State Energy Code (WSEC). Each school used a broadly similar HVAC system and
direct digital control (DDC), but there were significant differences in the overall building energy
use intensity (EUI), suggesting some more detailed review would be useful. The lighting system
controls were similar between the two sites.
Key personnel were re-contacted and site visits occurred in late 2015 and early 2016. Electronic
versions of the plans were already available, as were the basic survey forms, including notations.
In some cases, much of the needed information was present (from notations), and only a modest
amount of additional review of plans and specifications was needed. Setting up the return visits
was relatively time-consuming, generally taking more time than the actual field review. In each
case, some additional time was needed to discuss system details with site personnel, with some
of this discussion occurring by phone or email (when it could not be completed onsite). In one
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case, surveyors were not able to communicate with the primary system operators because they
were not available during the plan review or onsite survey timeframe.
The determination of code compliance and data handling were done via careful review of
pertinent sections of the 2009 WSEC and through paper documentation of plan and site details.
The latter approach was intentional because there were only two sites and because this sort of
approach allows for maximum flexibility in documenting site details.

3.

Findings & Recommendations

This section describes the detailed findings from the individual site reviews, followed by
compliance assessments, interpretations, and recommendations.

3.1. Site Review Details
3.1.1.

Site 12505

Site 12505 is an elementary school with a total conditioned floor area of about 77,000 ft2. The
building was completed in September 2013 and was permitted under the 2009 WSEC. The site
has an EUI (about 30 kBtu/ft2-yr) which is better than average for schools.
The primary mechanical system at this site utilizes a gas boiler for the heating source with VAV
air handlers. Separate VAV air handlers provide ventilation (with heat recovery) via an
economizer system. Occupancy and CO2 sensors are used in some spaces to activate ventilation.
The only direct expansion cooling in the building is for the mechanical room.
The heating and outside air systems are under control of a central DDC. The central boiler meets
efficiency requirements, and the outside air settings meet the economizer changeover
requirements of the code. A detailed sequence of operations was provided by the mechanical
engineer, and the sequence appears to operate substantially as described according to site
personnel. In this case, essentially all the information needed to evaluate the HVAC controls was
found in the original plans and engineering documentation.
Lighting at this site is dominated by T-8 fixtures but includes a surprising (for the time) number
of light emitting diode (LED) fixtures. The field lighting power density (LPD) for the site is just
under 0.8 W/ft2, more than 20 percent better than the code requirement.
The primary lighting controls at this site were occupancy sensors (installed in all spaces) and
daylighting controls. A detailed review of occupancy sensors found that almost all were
operating as expected. Side daylighting controls for dimming of lights based on outdoor
conditions were installed in classrooms and were found to be operational. During the first site
visit, the school principal indicated that these daylighting controls were disruptive to classes and
that the controls were disabled (for a time).

Ecotope, Inc.
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Site 12512

Site 12512 is an elementary school with a total conditioned floor area of about 75,000 ft2. (There
is a semi-conditioned mechanical mezzanine with floor area of about 7,000 ft2.) The building
was completed in September 2012 and was permitted under the 2009 WSEC. The site was
identified as one of interest for the more detailed review in part because of its relatively high EUI
(about 60 kBtu/ft2-yr) versus other schools. Field review was done with the assistance of a thirdparty energy advisor to the school district, and additional questions were directed to the district’s
HVAC engineers.
The mechanical system consists of a central boiler (high-efficiency natural gas) and a chiller that
serve a four-pipe system via (mostly) constant volume air handlers that serve the main areas of
the school (classrooms, library, and gym/cafeteria). The office area is served by separate
packaged rooftop equipment. Outside air for the school main area comes via an economizer
system that relies on a few large-diameter outside air ducts and variable frequency-controlled
boost fans that serve the constant volume air handlers.
Both sets of heating/cooling equipment are controlled by a central DDC system that is located at
the district office. The system operating setpoints were reviewed during the first site visit and
found to be in line with code requirements, as were some of the operating schedules (which were
revised to reduce occupied hours prior to the start of the 2015-2016 school year; however, read
below for more on this issue). The nominal efficiencies of the central heating and cooling plants
were in compliance with the 2009 code, as were the service hot water heaters (100-gallon natural
gas tanks).
One HVAC performance issue at this site is the outside air system for the core of the building
(which comprises 80% of the conditioned floor space). It is controlled to be closed during nonoccupied times, and there is an optimal start element (which keeps the outside air dampers closed
during morning warm-up), but there is also no heat recovery system that could temper incoming
outside air. Given that this building is a school, outside air amounts are relatively high during
occupied times, and having no heat recovery exacts a significant energy penalty. The 2009
WSEC allows the system of this sort (individual fan coils) to avoid the heat recovery
requirement, so the building is compliant with code. However, the field finding is significant in
its likely effect on the HVAC EUI.
Another issue is operating schedule. During the initial site visit, in the summer of 2015, field
surveyors noted that much of the site was fully cooled, even though there were only a few people
onsite because school was not in session. At the most recent visit, done during the December
holiday break, the core areas of the school also seemed fully conditioned. It would seem that the
main control system should activate a vacation schedule to reduce EUI.
Lighting at this site incorporates mostly a mixture of T-8 and T-5 fixtures, with some number of
high bay high-intensity discharge (HID) fixtures in assembly areas. The field LPD for the site is
right at the code-allowed 1.0 W/ft2. The site uses occupancy sensors throughout in required
areas, and the follow-up field review found occupancy sensors operational during functional
testing in most areas (making up over 95% of the floor area). Side daylighting controls were
required in some classrooms and the gymnasium. The field surveyor was not able to get these
controls to respond.
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A remaining ambiguity at this site is the sweep control (to turn off all fixtures in one or more
lighting zones on a schedule). The requirement for such a control has been in the commercial
code for some years, but given the type of occupancy of the reviewed site, only about 5% of the
conditioned floor area (gymnasium) was required to have the sweep control. The site surveyor
could not confirm that a sweep control was installed and school district personnel could not
provide conclusive evidence of one, either.

3.2. Controls Compliance
The following tables show the code requirements for the controls survey and the ‘by the book’
compliance for each site. In carefully reviewing the 2009 WSEC and comparing the
requirements to what was seen onsite, the different categories of most interest were evaluated for
meeting the letter of the code.
Table 1. HVAC Compliance
Code Measure

Required for
Building

Site 12505
Complies

Site 12512
Complies

7 Day Timer Capability

Yes

Yes

Yes

Optimal Start

Yes

Yes

Yes

Pressure/Temp Reset
Controls

Yes

Yes

Yes

Outside Air (OA) Has
Required Controls

Yes

Yes

Yes

OA Has Heat Recovery

Yes

Yes

Yes*

*Via a loophole; increases EUI significantly.
Table 2. Lighting Compliance
Code Measure

Required for
Building

Site 12505
Complies

Site 12512
Complies

Occupancy Controls

Yes

Yes

Yes

Daylighting Controls

Yes

Yes

Yes

Sweep Controls

Yes

N/A*

No

*Occupancy sensors in all spaces.

The compliance results suggest that each site complied with almost all aspects of the commercial
code. In and of itself, this finding has some value, but several points should be made about the
overall value of the extended review.
First, plan review by itself, while valuable, is always somewhat limited, especially when an
actual as-built plan set cannot be procured. For the work described in this memo, as-built
drawings were available, but there were several cases in the broader study where only partial asbuilt drawings could be obtained. There is no substitute for field review of complicated
buildings.
Second, the most challenging aspect of this more in-depth review was the HVAC controls. Even
when as-built drawings were available, and even when it was known that each site had a central
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DDC, only one site supplied a detailed sequence of operations for the DDC. In the other case,
some information could be gleaned while onsite, but the actual DDC operation happened offsite
and so an additional interview with the system engineer was required. It was not clear from this
interview that the operator was completely informed about the DDC. The site review suggested
that the main zone of the building was not put into setback mode during a clearly unoccupied
time (school vacation) and the earlier site visit (basic survey) was done during summer break,
when it was also evident the main zone of the school was being mechanically cooled. This site
also did not have heat recovery for its outside air (ventilation system), and the combined effect of
these issues all bear on the much higher EUI versus the other school that was reviewed in the
controls survey.
Third, the more detailed lighting control review was relatively straightforward at the room-byroom level (that is, when occupancy and daylighting controls were investigated). We believe
that this review should be done routinely, as it does not require special knowledge and is not very
time-consuming. More difficult to assess was the sweep control at the site where it was required
for a small part of the building. The third-party energy manager who was assigned to escort the
surveyor did not know if a sweep control existed, and a subsequent interview with the school
district engineer did not provide conclusive evidence of its existence, either.
Fourth, the overall experience level of the surveyor, especially when it comes to HVAC controls,
is important. This includes both understanding of the code itself (including some history of code
evolution), working familiarity with various types of commercial HVAC equipment, and a good
knowledge of control systems. Even with these qualifications, commercial surveyors can expect
to run into systems that will defy clear evaluation. But having a feel for which parts of the
system will make the most difference in building EUI should assist the surveyor in prioritizing
attention while in the field.

4.

Summary & Implications for a Future Study

Although this deeper controls survey included only two sites, it provided confirmation of some
important assumptions into the controls survey methodology and limitations. For example, it is
clear that the onsite survey is critical to confirm controls characteristics. In some cases, the plans
do not provide enough data, and the onsite survey is the only way to obtain the data. With the
exception of the DDC, the surveyors readily observed the characteristics required to assess code
compliance for the controls code measures targeted in this effort. It is difficult, and in some
cases impossible, to assess the operation of the controls. It is also important that the surveyors
have specialized HVAC experience in order to effectively gather the correct information and
coordinate with building operators.
In sum, the survey form developed to test a deeper controls compliance assessment generally
includes the required data; assuming an experienced surveyor is involved, most data can be
obtained via the plans and onsite survey, and compliance can be determined. Further, the
controls survey can be incorporated into the main compliance survey form and worked into the
flow of the main survey. However, this addition is not without a cost implication. Based on some
ballpark assumptions, we estimate the additional incremental cost for either the lighting or
HVAC controls survey would be about $500 per site. This estimate includes additional time for
plan review, onsite review, data handling, building-specific compliance assessments for each
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measure, and quality assurance/quality control (QA/QC). Fixed costs for either lighting or
HVAC would be about $10,000. This estimate includes additional time for protocol finessing,
extra training, data summaries (tables/graphics), data interpretation and reporting, and QA/QC.
The total additional cost to add a lighting or HVAC controls survey to the compliance
assessment for 50 buildings would be about $35,000.
The summary above speaks to the “what” and the “how” of the matter, but the real question may
be “why.” There are a number of reasons to include a deeper controls survey in a compliance
assessment. For example, it is commonly assumed that controls have a major impact on energy
use, and therefore a compliance assessment focused on energy use should cover all aspects of
controls requirements. However, there is a distinction between code compliant controls and well
operated controls. This could be said of other aspects of the energy code, but it is particularly
true for controls that depend heavily on settings and operation. With the exception of some
settings, codes regulate building design, not performance of technologies or people. However,
understanding settings and operation helps explain overall energy use, which is relevant when
the relationship between energy use and code compliance is a research goal. The way a building
is operated affects the EUI and can complicate comparisons across buildings in a code
evaluation. But without a full-scale energy survey, it is difficult to determine how a building is
actually being operated, especially in the case of DDC where access to someone knowledgeable
about the programming may not be available or the controls may be operated offsite or even out
of state.
Hence, it is important to clearly identify the research questions for the controls compliance
assessment. Should the controls survey be focused on establishing compliance, meaning that
merely the presence and capabilities of the controls are confirmed? Or, should it focus on
understanding how the controls are operating and how they are influencing building energy use?
Controls could be a key subject for code evaluation research, technology/measure development
research, and building operation research. Where the controls survey lands on this spectrum will
determine the scope, costs, and direct relevance to the regional code evaluation.
For purposes of this future code evaluation, we recommend including the controls survey in
order to determine whether this potentially effective equipment is installed and has the
capabilities required by the code. This focus would provide important feedback for code
development as well as training and enforcement efforts. However, we do not recommend
extending the scope to gain a deeper understanding of how the controls are operated unless there
is an explicit research goal to study the effectiveness of the controls themselves in terms of the
interplay between the technologies and the operators and the energy impacts thereof. This latter
research would be useful, but is likely outside the scope of the regional code evaluation. It should
also entail a different methodology such as a literature review to draw on existing research,
qualitative interviews with designers and operators, and likely some more direct field research,
including submetering.

Ecotope, Inc.
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Final Controls Survey Form

Project ID:________

Attachment A: Controls Survey Form
HVAC Controls
System ID # _________: This system provides: [Heat] [Cool] [Vent]
This System is [single zone], [multi-zone]
From Plans? [Yes] [No]

Field Verified? [Yes] [No]

Total Area Served: _____________ SqFt

Space ID Served: SPACE-____________

Description: _____________________

System Type: _____________________[See Reference for system type codes__
Sub-Zone Reheat:

[Yes] [No] [NA] [Unknown]

Reheat Fuel Type: _____________

Configuration: [Built-up] [Unknown]
Control Strategies (this system. Describe strategy. List duct static pressure and design deck temperature, and
bounds of reset schedules if known)
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
Specific items:
OA Control: [Fixed Pct] [Fixed CFM] [Occ] [CO2] [Sch] [Unknown] [Other]: ___________
Primary Air Temp. Reset: [Yes, on critical zone temp] [Yes, other] [No] [NA] [Unknown]
Primary Air Pressure Reset: [Yes, on critical zone] [Yes, other] [No] [NA] [Unknown]
Night Time “setback”: [Yes] [No] [NA] [Unknown]
7-day Scheduling Capability: [Yes] [No] [NA] [Unknown]
Setback Controlled by: [Occupancy Sensor] [Timer/DDC] [Other] [NA] [Unknown]
Terminal Fan Speed: [Constant] [Variable] [NA] [Unknown]
Heat Recovery in this system: [Refrigeration] [Exhaust Air] [None] [Unknown] [Other] [NA]:

Total CFM _____________ MinOA ________________ Enter fraction or cfm depending on how controlled
Economizer:

[Yes] [No] [NA] [Unknown]

Economizer Type: [Air] [Water] [Unknown]

[Repeat Systems description for multiple systems]
SYSTEM TYPE CODES
CV
VAV
SZVAV
HPLP
VVT
VRF
2PFC
4PFC

CONSTANT VOLUME (REHEAT)
VARIABLE AIR VOLUME
SINGLE ZONE VARIABLE AIR VOLUME
HEAT PUMP LOOP
VARIABLE VOLUME-TEMPERATURE
VARIABLE REFRIGERANT FLOW
TWO PIPE FAN COIL
FOUR PIPE FAN COIL
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SYSTEM TYPE CODES, CONTINUED
UAFD
UNDERFLOOR SYSTEM
SPECIFY OTHER SYSTEMS

FUEL TYPE CODES
E
ELECTRICITY
NG
NATURAL GAS
OIL
FUEL OIL / DIESEL
HW
HOT WATER FROM BOILER
OTHER (SPECIFY)
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Final Controls Survey Form

Project ID:________

General Control Settings:
Space
or
Sys ID

Thermo
-stat
Type1

Scheduling
EMS
(Y/N)

Setback

Off days

(Y/N/NA)

(Y/N/NA)

Occ.
Override
(Y/N)

Fan
Set2

Vent
Reset3

Optimum
Start
(Y/N/NA)

Warmu
p OA
Lockout
(Y/N/NA)

Humidit
y
Control4

1

(P) Programmable, (M )Manual, or (S) Slave (sensor for EMS)
Fan operation during occupied (Auto if cycles, On if continuous, NA if not fan)
3 None, (fixed OA position), CO2 (demand), Schedule (SCH) (ventilation closes at night), Occupancy
Sensor (OS) (closes when space is vacant), Unknown (UNK)
4 None, RH, Humidity Ratio, Enthalpy, Unknown, Other (specify)
2

Central DDC Control:
Zone Level DDC Control:
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[Yes] [No] [Unknown]
[Yes] [No] [Unknown]
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Final Controls Survey Form

Project ID:________

Lighting Controls Checklist
Occupancy Sensor lighting control (WA, OR only)
Item
Offices < 300SF
Conference / meeting rooms
Classrooms
Storage Rooms
Warehouse storage areas
If disabled, why:

Space present
Y N Unk
Y N Unk
Y N Unk
Y
Y

N
N

Unk
Unk

Plans
Y- ____% N
Y- ____% N
Y- ____% N

Unk
Unk
Unk

Field
Y- ____% N
Y- ____% N
Y- ____% N

Unk
Unk
Unk

y-____%
Y- ____%

Unk
Unk

y-____%
Y- ____%

Unk
Unk

Automatic off Sweep controls
Item
Guesstimate of % of building floor area required to
have sweep controls
Of those are there sweep to off lighting controls?
Of those, are lights manual or automatic on?
If disabled, why:

N
N

Plans

Y- ____%
M A

N
N

Field

N Unk
Unk

Y- ____%
M A

N Unk
Unk

Dual level control (non-WA sites only): Required in all non-(corridor, store room, sleeping room,
lobby, or restroom) spaces with more than one fixture without OS control and LPD > 0.6W/sf
Item
Of those are there areas without OS control?
Of those are there areas with LPD > 0.6 W/SF and
with more than 1 fixture?
Guesstimate of % of building floor area required to
have dual level controls
Of those are there dual level lighting controls?
If disabled, why:

Ecotope, Inc., 12/09/2015

Y
Y

Plans
N Unk
N

Y- ____%

Unk

N

Unk

Y
Y

Field
N Unk
N

Y- ____%

Unk

N

Unk
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Final Controls Survey Form

Project ID:________

Top daylight controls (WA code item – spot check at least two areas – if multi-tenant choose
different tenant areas)
Item
Top daylight zones present (any size)?
Percentage of floor area in top DLZ
Capable Controls where required
Control Type

Plans
Y N

Control Type – Minimum Power – plans
Control Implemented where required
Control Implemented – Minimum Power
Notes on non-compliance:

Off
________%
Y-______% N Unk
Off
________%

Unk

Y-______% N Unk
Step Continuous

If disabled, why:

Side Day light controls (WA code item – spot check at least three areas on plans– if multi-story or multitenant choose different floors and tenant areas).
Item
Side daylight zones present ( any size)?
Percentage of perimeter zone in side DLZ
Percentage of side DLZ requiring control
(estimate – rooms > 300SF without OS
control)
Capable Controls where required
DLZ depth as percent of required control zone
Control Type
Control Type – Minimum Power – plans
Control Implemented where required
Control Implemented – Minimum Power
Notes on non-compliance:

Plans
Y N

Unk

Y-____% N

Unk

Step Continuous
Off
________%
Y-____% N Unk
Off
________%

If disabled, why:
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Final Controls Survey Form

Project ID:________

Occupancy Sensor lighting control (WA, OR only) (choose two to three spaces in the building to
check the OS controls)
Space type
Auditoriums

Space Type
in Building
Y N Unk

Classroom
Conference rooms
Corridors
Lobby
Janitorial closet
Eating areas

Y
Y
Y
Y
Y
Y

N
N
N
N
N
N

Unk
Unk
Unk
Unk
Unk
Unk

Medical exam rooms
Grocery
Gyms
Kitchens
Mechanical
Enclosed Office (<300sf)

Y
Y
Y
Y
Y
Y

N
N
N
N
N
N

Unk
Unk
Unk
Unk
Unk
Unk

Open Office
Restrooms
Retail Sales
Storage Room
Warehouse Areas
Room - Patient

Y
Y
Y
Y
Y
Y

N
N
N
N
N
N

Unk
Unk
Unk
Unk
Unk
Unk

Room – Hotel/Motel
Room – Sleeping
Other_______________
Other_______________
Other_______________
If disabled, why:

Y
Y
Y
Y
Y

N
N
N
N
N

Unk
Unk
Unk
Unk
Unk

Ecotope, Inc., 12/09/2015

Controls present plans1

Controls operational1
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Jurisdiction:

Date:
NEEA Commercial Code Evaluation Pilot Study
Jurisdiction Interview Questionnaire
2015-07-31

Thank you for agreeing to participate in the NEEA Pilot Study of Commercial Code Evaluation
(including residential buildings over three stories and nonresidential buildings) in the Northwest
(Washington, Oregon, and western Montana).
Please provide a copy of an annual report which identifies the number of staff who work on
construction codes in your agency, the type of permits issued, and the number of each type of permit
issued.
Questions About Your Jurisdiction
1. Agency name:
2. Jurisdiction served
3. Estimate of the population served:
Name, title, and contact for person completing this survey:
4. Name:
5. Title:
6. Email address:
7. Telephone number:
8. During the previous year, how many commercial building permits were issued by your agency?
Commercial building permit total (new and alterations):
a. Building:
1. new
2. alterations
b. Mechanical:
1. new
2. alterations
c. Electrical:
1. new
2. alterations
d. Plumbing:
1. new
2. alterations

1

Jurisdiction:

Date:

9. What is the total square footage of commercial permits issued annually?

square feet

INTERVIEW: If answer is left blank, request total permit valuation.
10.
a.
b
c.
d.

How is your agency funded for Commercial Energy Code enforcement?
Permitting revenue
Jurisdictional budget
State funded
Other

Notes: INTERVIEW:
• If multiple options are checked, ask for percentage for each option (must total 100%).
• If “other” is checked, ask for more details.
• If either multiple options are checked or if “other” is checked, ask whether the percentages are
different for building permits (building envelope), mechanical permits (mechanical systems),
electrical permits (lighting systems), and plumbing permits (service water heating systems).
Questions About Your Staff:
11.
Are specific members of your staff assigned to commercial energy code plan review or is it part
of overall plan review? _
12.
Are specific members of your staff assigned to commercial energy code field inspection or is it
part of overall field inspection? _
13.

Who conducts plan reviews for commercial energy code compliance? (Check all that apply)

INTERVIEW: If multiple options are checked, ask for percentage for each option (must total 100%).
If “other” is checked, ask for more details. If “3rd-party” is checked for any category, ask for the name
and contact information for one of the third-party certifiers that is most active in the local area.
a. Envelope:
In-house staff
3rd party entities (e.g. special plans examiners, inspectors)
Other jurisdictions or government agencies
Not done
Other
b. Mechanical:
In-house staff
3rd party entities (e.g. special plans examiners, inspectors)
Other jurisdictions or government agencies
Not done
Other

2

Jurisdiction:

Date:

c. Lighting
In-house staff
3rd party entities (e.g. special plans examiners, inspectors)
Other jurisdictions or government agencies
Not done
Other
d. Service Water Heating
In-house staff
3rd party entities (e.g. special plans examiners, inspectors)
Other jurisdictions or government agencies
Not done
Other
14.

Who conducts field inspections for commercial energy code compliance? (Check all that apply)

INTERVIEW: If multiple options are checked, ask for percentage for each option (must total 100%).
If “other” is checked, ask for more details. If “3rd-party” is checked for any category, ask for the name
and contact information for one of the third-party certifiers that is most active in the local area.
Envelope:
In-house staff
3rd party entities (e.g. special plans examiners, inspectors)
Other jurisdictions or government agencies
Not done
Other
Mechanical:
In-house staff
3rd party entities (e.g. special plans examiners, inspectors)
Other jurisdictions or government agencies
Not done
Other
Lighting
In-house staff
3rd party entities (e.g. special plans examiners, inspectors)
Other jurisdictions or government agencies
Not done
Other
Service Water Heating
In-house staff
3rd party entities (e.g. special plans examiners, inspectors)
Other jurisdictions or government agencies
Not done
Other

3

Jurisdiction:

Date:

15.
How many full-time equivalent (FTE) do you have assigned to plan review and field inspections?
An FTE is the percentage of one employee on a full-time basis. An FTE of 1.0 is equivalent to a fulltime staff or contractor.
Plan Review:
a. Total for all construction codes (Building, Mechanical, Electrical, Plumbing, Residential and
Commercial Energy)
FTE
b. Commercial energy code only
FTE
Field Inspection:
c. Total for all construction codes (Building, Mechanical, Electrical, Plumbing, Residential and
Commercial Energy)
FTE
d. Commercial energy code only
FTE
16.
How many full time equivalent (FTE) do you have assigned to commercial energy code plan
review?
a. Envelope:
FTE
b. Mechanical:
FTE
c. Lighting:
FTE
d. Service Water Heating:
FTE
not the case, then lead the agency staff person through the following process.
Step one:
•
•
•
•

What % of the agency plan review
What % of the agency plan review
What % of the agency plan review
What % of the agency plan review

work is on Building Permits: ____%
work is on Mechanical Permits: ____%
work is on Electrical Permits: ____%
work is on Plumbing Permits: ____%

Step two:
•
•
•
•

What percentage of the Building Permit plan review is on commercial energy code building
envelope: ____%
What percentage of the Mechanical Permit plan review is on commercial energy code
mechanical: ____%
What percentage of the Electrical Permit plan review is on commercial energy code lighting:
____%
What percentage of the Plumbing Permit plan review is on commercial energy code water
heating: ____%

Step three:
•
•
•
•

Multiply the percentage of Building Permits x the % of commercial energy code building
envelope: _____%
Multiply the % of Mechanical Permits x the % of commercial energy code mechanical: ____% Multiply the % of Electrical Permits x the % of commercial energy code lighting: ____%
Multiply the % of Plumbing Permits x the % of commercial energy code water heating: ____%

Step four:
4

Jurisdiction:
•

Date:

Multiply each answer in step three x the total number of plan review staff in question #15 and
insert in the FTE in the appropriate box above for question #16.

17.
How many full-time equivalent (FTE) do you have assigned to commercial energy code field
inspections?
a. Envelope:
FTE
b. Mechanical:
FTE
c. Lighting:
FTE
d. Service Water Heating:
FTE
See INTERVIEW comments for #16 above.
18.
Please indicate for each code element, is commercial energy code training available to your
staff? (Y/N)
a. Envelope:
b. Mechanical:
c. Lighting:
d. Service Water Heating:
19.
What level and/type of education and training does your agency staff receive specifically for
commercial energy codes?
Professional certification and annual training
Periodic formal training
On-the-job training, but seldom formal training
Training not provided
INTERVIEW: What is the average number of hours of training on the commercial energy code that
agency staff receive over a three-year code cycle
Plans Reviewers
Field Inspectors
a. Building Permit (building envelope)
1.
hrs
2.
hrs
b. Mechanical Permit (mechanical systems)
1.
hrs
2.
Hrs
c. Electrical Permit (lighting)
1.
hrs
2.
hrs
d. Plumbing Permit (service water heating)
1.
hrs
2.
hrs
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20.
a.
b.
c.
d.

Date:

Has your agency received training for commercial energy codes?
Webinar / Online
Classroom
In the field
Other

21.
How would your agency prefer to receive training for commercial energy codes? (Check all that
apply)
a.
b.
c.
d.

Webinar / Online
Classroom
In the field
Other

Questions About Your Processes
22.
For new construction only, what methods are used as a basis for documenting commercial
energy code compliance and in what percentages? COMcheck is considered a trade-off method. Use
whole numbers only. Total should equal 100%
a. Prescriptive/Tradeoff:
%
b. Whole Building Performance (modeling):

%

23.
What methods are used as a basis for documenting commercial energy code compliance for the
Mechanical System and in what percentages? Use whole numbers only.
a. Prescriptive:
b. Performance:

%
%

24.
What methods are used as a basis for documenting commercial energy code compliance for the
Lighting System and in what percentages? Use whole numbers only.
Building Area Method:
a. Space-by-Space Method:
b. Performance:

%
%
%

6

Jurisdiction:

Date:

25.
What methods are used as a basis for documenting commercial energy code compliance for the
Service Water Heating System and in what percentages? Use whole numbers only.
a. Prescriptive:
b. Performance:

%
%

26.
For new construction only, how many hours are devoted to the average plan review for
commercial energy codes? If energy plan reviews are performed in conjunction with reviews for
provisions in other codes, please estimate the time for the commercial energy code-related reviews
only.
a.
b.
c.
d.
e.

Commercial Buildings Total:
Envelope:
Mechanical:
Lighting:
Service Water Heating:

hours
hours
hours
hours
hours

27.
For new construction only, how many hours are devoted to the average field inspection for
commercial energy codes? If energy field inspections are performed in conjunction with inspections
for provisions in other codes, please estimate the time for the commercial energy code-related field
inspections only.
a.
b.
c.
d.
e.

Commercial Buildings:
Envelope:
Mechanical:
Lighting:
Service Water Heating:

28.

hours
hours
hours
hours
hours

Does the commercial energy plan review cover all aspects of the commercial energy code?

Choose One
a.
Yes
b.
No
If No, what aspects are not covered?
b.1. Envelope:
(Y/N)
b.2. Mechanical:
(Y/N)
b.3. Lighting:
(Y/N)
b.4. Service Water Heating:
(Y/N)
Supplemental
INTERVIEW: Depending on the time available, and the background and knowledge of the person being
interviewed, ask the following questions.
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a. BUILDING PERMITS – BUILDING ENVELOPE:
1. Do plan reviewers:
a) Check that the fenestration area (windows, doors, skylights) does not exceed the maximum
allowed? (Y/N)
b) Check for NFRC ratings for U-factor and SHGC on fenestration (windows, doors, skylights)? (Y/N)
c) Check for insulation R-values on building sections? (Y/N)
d) Verify U-factor calculations for individual assemblies? (Y/N)
e) Verify that inputs for Target UA/COMcheck submittals match the plans? (Y/N)
f) Check for a note indicating that there will be a whole building air pressurization test for air
leakage? (Y/N)
g) Check for vestibules at building entrances? (Y/N)
2. What percent of projects receive a correction list (or have the plans marked up) regarding the
Building Envelope requirements in the commercial energy code? _____ %
b. MECHANICAL PERMITS – MECHANICAL SYSTEMS:
1. Do plan reviewers:
a) Check that the systems have economizer cycle for cooling? (Y/N)
b) Check for fan power calculations and verify that the fan power calculations match the plans?
(Y/N)
c) Check for variable speed drive? (Y/N)
d) Check that systems have energy recovery? (Y/N)
e) Review heating and cooling equipment sizing calculations? (Y/N)
f) Verify that heating and cooling equipment is not proposed to be installed in a space that was
designated as unconditioned or semiheated during the building envelope review (Y/N)
g) Check for a note requiring testing, balancing, and commissioning? (Y/N)
2. What percent of projects receive a correction list (or have the plans marked up) regarding the
Mechanical System requirements in the commercial energy code? _____ %
c. ELECTRICAL PERMITS – LIGHTING SYSTEMS
1. Do plan reviewers:
a) Check for interior lighting power allowance calculations and verify that the interior lighting
power calculations match the plans? (Y/N)
b) Check that the lighting equipment in the daylight zones adjacent to windows and under skylights
is circuited separately from other lighting? (Y/N)
c) Verify that daylighting controls, occupancy sensors, automatic shutoff, and other interior lighting
controls are shown on the plans? (Y/N)
d) Check for exterior lighting power allowance calculations and verify that the exterior lighting
power calculations match the plans? (Y/N)
e) Verify that automatic shutoff and other exterior lighting controls are shown on the plans? (Y/N)
f) Check for a note requiring lighting control commissioning? (Y/N) _____
2. What percent of projects receive a correction list (or have the plans marked up) regarding the
Lighting System requirements in the commercial energy code? _____ %
d. PLUMBING PERMITS – SERVICE WATER HEATING SYSTEMS
1. Do plan reviewers:
8
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a)
b)
c)
d)

Date:

Check that water heater complies with the minimum efficiency? (Y/N)
Check that piping is insulated? (Y/N)
Check that spas have insulated covers and are insulated on the sides and bottom? (Y/N)
Check for a note indicating that a maximum temperature limit for lavatories in public facility
restrooms? (Y/N)

2. What percent of projects receive a correction list (or have the plans marked up) regarding the Service
Water Heating System requirements in the commercial energy code? _____ %
29.

Does the commercial field inspection cover all aspects of the commercial energy code?

Choose One
Yes
No
If No, what aspects are not covered?
Envelope:
(Y/N)
Mechanical:
(Y/N)
Lighting:
(Y/N)
Service Water Heating:
(Y/N)
Service Water Heating:
(Y/N)
INTERVIEW: Depending on the time available, and the background and knowledge of the person being
interviewed, ask the following questions.
BUILDING PERMITS – BUILDING ENVELOPE:
1. Do field inspectors:
a) Check for NFRC labels for U-factor and SHGC on fenestration (windows, doors, skylights), or
obtain a copy of NFRC Label Certificates for site-assembled fenestration, and verify that these
comply with the approved plans? (Y/N) _____
b) Check R-values for cavity insulation and for continuous insulation? (Y/N) _____
c) Verify that there has been a whole building air pressurization test for air leakage and that the
value complies with the code? (Y/N) _____
d) Check for vestibules at building entrances? (Y/N) _____
2. What percent of projects receive a correction list during construction regarding the Building Envelope
requirements in the commercial energy code? _____ %
MECHANICAL PERMITS – MECHANICAL SYSTEMS:
1. Do field inspectors:
a) Check that the systems have economizer cycle for cooling? (Y/N) _____
b) Check that variable speed drive and other controls are installed? (Y/N) _____
c) Check that systems have energy recovery? (Y/N) _____
d) Verify that heating and cooling equipment has not been installed in a space that was designated
unconditioned or semiheated during building envelope review? (Y/N)___
e) Verify that functional testing and balancing, and general commissioning has been done? (Y/N)
_____
2. What percent of projects receive a correction list during construction regarding the Mechanical
System requirements in the commercial energy code? _____ %
9
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Date:

ELECTRICAL PERMITS – LIGHTING SYSTEMS
1. Do field inspectors:
a) Verify that the installed interior lighting matches the plans? (Y/N) _____
b) Verify that the lighting equipment in the daylight zones adjacent to windows and under skylights
is circuited separately from other lighting? (Y/N) _____
c) Verify that daylighting controls, occupancy sensors, automatic shutoff, and other lighting
controls are installed and have been commissioned? (Y/N) _____
d) Verify that the installed exterior lighting matches the plans? (Y/N) _____
e) Verify that automatic exterior lighting controls were commissioned? (Y/N) _____
2. What percent of projects receive a correction list during construction regarding the Lighting System
requirements in the commercial energy code? _____ %
PLUMBING PERMITS – SERVICE WATER HEATING SYSTEMS
1. Do field inspectors:
a) Check that water heater complies with the minimum efficiency? (Y/N) _____
b) Check that piping is insulated? (Y/N) _____
c) Check that spas have insulated covers and are insulated on the sides and bottom? (Y/N) _____
d) Check the maximum temperature limit for lavatories in public facility restrooms? (Y/N) _____
2. What percent of projects receive a correction list during construction regarding the Service Water
Heating System requirements in the commercial energy code? _____ %

30.
What information is available to your staff during field inspection for the commercial energy
code? (Check all that apply)
a.
b.
c.
d.

Approved plans
Energy code compliance checklist(s)
Published energy codes and/or standards
Other

31.
Do you accept software compliance reports with permit applications in lieu of a plan review for
the commercial energy code?
Choose One
Yes
No
Not applicable
32.
What is the single greatest impediment to your office’s ability to enforce commercial energy
code?
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Jurisdiction:

Date:

33.
What limitations impede your ability to enforce the commercial energy code? (Check all that
apply)
a.
b.
c.
d
e.
f.
g.
h.
i.

Time or staff
Money
Code Complexity
Staff education or training
Incomplete plans and specifications
Building access
Equipment documentation
Not applicable
Other

INTERVIEW: If multiple options are checked, ask for percentage for each option (must total 100%).
If “other” is checked, ask for more details.

34.
In your jurisdiction, what plan review items do you most often find do not comply with the
commercial energy code? (Check all that apply)
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.

Envelope insulation levels
Envelope sealing (infiltration)
Window areas/Window specifications
Duct specifications
HVAC Specifications
HVAC system controls
Lighting fixtures
Lighting controls
Pipe Insulation
Other

35.
In your jurisdiction, what field inspection items do you most often find do not comply with the
commercial energy code? (Check all that apply)
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
36.

Envelope insulation levels
Envelope sealing (infiltration)
Window areas/Window specifications
Duct specifications
HVAC Specifications
HVAC system controls
Lighting fixtures
Lighting controls
Pipe Insulation
Other
Are “red marks” used as part of your commercial energy code compliance review? (Y/N)
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Jurisdiction:

Date:

37.
Are “correction memos” for the commercial energy code used to communicate with the
applicants? (Y/N)
38.
Are “correction memos” for the commercial energy code used to communicate with the
inspectors? (Y/N)
39.

Does failure to comply with the commercial energy code result in construction delays? (Y/N)

40.
Does failure to comply with the commercial energy code result in delays in the certificate of
occupancy? (Y/N)
41.

Are there any aspects of the commercial energy code that you prioritize? (Y/N)

If yes, describe:
42.

What format does your agency use to maintain permitting data?
Paper
Digital
Other

43.
Does your department retain commercial energy code compliance documentation as a part of
the permit record?
a. Lighting calculations (Y/N)
b. Window and envelope calculation (including heat loss targets and related submittals)
(Y/N)
c. Control diagram or sequence of operations specifications (Y/N)
44.

How many years does your agency maintain permitting data? (Choose one)

Paper Digital
Less than a year
1-2 years
3-5 years
6-7 years
More than 7 years
45.
Please describe any Commercial Energy Code enforcement technical support that is available to
you?

________________________________________________________________________
________________________________________________________________________
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Jurisdiction:
46.

Date:

Have you requested such support? (Y/N)
If yes, how effective has this support been in your Commercial Energy Code enforcement
activities?
Very effective?
Somewhat effective?
Not very effective?
Not effective?

47.
What type of additional technical assistance would help your jurisdiction enforce Commercial
Energy Code compliance?
__________________________________________________________________________________
______________________________________________________________
48.
Based on your department’s experience in reviewing and enforcing commercial energy code,
what recommendations would you make to other jurisdictions to assist them in effectively operating
their departments?”
__________________________________________________________________________________
____________________________________________________________________
INTERVIEW:
Probe as needed: Do you have any recommendations centered on the specific processes or systems you
use, how you use staff, how you train, anything you do that if other offices applied their efforts would be
more effective?
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Glossary of Acronyms & Abbreviations
CBECS

Commercial Building Energy Consumption Survey

CBSA

Commercial Building Stock Assessment

Council

Northwest Power and Conservation Council

EUI

Energy Use Intensity (kBtu/SqFt, unless otherwise specified)

LPD

Lighting Power Density

NEEA

Northwest Energy Efficiency Alliance

PV

Photovoltaics

UA

A measure of the amount of heat that would be transferred through a given
surface or enclosure (such as a building envelope) with a one degree Fahrenheit
temperature difference between the two sides. The UA is calculated by
multiplying the U-Value by the area of the surface (or surfaces).

WSEC

Washington State Energy Code

Ecotope, Inc.
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Results of CBSA EUI Analysis
As an adjunct to the Commercial Code Evaluation Pilot Study, Ecotope tested the energy use
intensity (EUI) analysis approach, developed for the Pilot Study, on a small sample of buildings
from the 2014 Commercial Building Stock Assessment (CBSA). 1 The analysis was intended to
demonstrate the Pilot Study techniques using another dataset as a proof of concept, and to
explore possibilities for deeper CBSA billing analysis using CBSA building characteristics and
the EZ Sim tool. This memo presents the results of this analysis. The EUI analysis methodology
is discussed in detail in the energy performance assessment section of the main report (Section
5).
CBSA data provide another dataset for exploring applicability of benchmarking to new and
existing buildings. Most of the necessary data for analyzing the buildings through EZ Sim 2 are
available in the CBSA public data file. Monthly billing data for the buildings were the only
additional data needed, and these data were acquired in a manner that protected customer
anonymity. However, in the CBSA only about half of the sites had complete energy bill
information. The other half used models to fill in the yearly energy consumption values in the
public CBSA dataset. For the EUI analysis in this memo, only sites with complete monthly
billing information were used.
The buildings selected for the CBSA EUI analysis were not intended to be a proper comparison
between the CBSA buildings and other datasets. The buildings were selected according to the
following criteria:


Located in the state of Washington



Built during the past two Washington State Energy Code (WSEC) cycles: 2006 and 2009



Four building types used in the Pilot Study (school, medical office, retail/grocery, office)



Actual electricity bills and either actual or no gas bills (filter out buildings with modeled
bills)

Twenty-seven buildings remained in the CBSA dataset after applying these filters. Some of the
buildings included photovoltaics (PV) generation and were avoided when possible. Ultimately,
two buildings from each of the four building types were chosen for the analysis; one from the
2006 code years and one from the 2009 code years.
Issues that arose during this selection process included:


Only two schools did not have onsite generation, and these were a high school and a
daycare. Because the Pilot Study looked at three elementary schools, two elementary

1

Navigant Consulting. 2014. 2014 Commercial Building Stock Assessment, Portland, OR: Northwest
Energy Efficiency Alliance. http://neea.org/resource-center/regional-data-resources/commercial-buildingstock-assessment
2 EZ Sim is a billing analysis tool that uses change-point analysis to estimate heating and cooling usage
and then draws on user-provided end-use characteristics to disaggregate billing baseloads into end-use
EUI estimates. EZ Sim documentation and download: http://www.advancedbuildings.net/index.php?q=ezsim

Ecotope, Inc.

1

COMMERCIAL CODE EVALUATION PILOT STUDY

CBSA EUI MEMO

schools in the CBSA dataset were chosen even though they included onsite generation. It
appears from the EZ Sim analysis that the electric consumption was gross consumption
instead of net consumption, so the presence of PV did not affect the analysis (but this
factor was not investigated in depth).


There were no small offices in the 2009 code group, so two offices from the 2006 code
group were chosen.



Two of the buildings appeared to have non-weather normalized results in the normalized
billing analysis of the CBSA, so these were avoided in the selection of buildings. It may
be that these two buildings did not have any correlation to the weather.



The CBSA dataset included three big box retail buildings that met our criteria, but all
three of these had modeled energy usage instead of actual energy usage. Therefore,
instead of looking at the big box retail sector, the analysis below looks at small retail
buildings, which are much less likely to have significant refrigeration loads, and thus
have smaller EUIs.

The selected CBSA buildings are listed in Table 1. Most of the building pairs are similar to each
other, though for medical offices one very large and one small building were chosen.
Nevertheless, the two medical offices have similar EUIs.
Table 1. Selected CBSA Buildings
CBSA
Site ID

Type

SqFt

Vintage

Total EUI
(kBtu/SqFt)

15680

Elementary School

78,744

2006

66.2

15660

Elementary School

39,000

2011

68.6

15829

Medical Office

188,934

2011

43.1

15036

Medical Office

1,474

2006

45.7

08545

Small Retail

28,560

2006

53.9

15439

Small Retail

42,842

2007

58.9

15618

Small Office

7,954

2006

21.0

15106

Small Office

6,480

2005

34.6

Building characteristics such as lighting power density (LPD), UA, and equipment schedules for
each of the selected CBSA buildings were entered into EZ Sim along with the monthly billing
data. Figure 1 shows the breakdown of gas and electricity use by building. The two small office
buildings are electric-only.
Figure 2 shows the breakdown of energy use by end use. The two elementary schools show
similar total EUIs though the end-use breakdowns are slightly different — site 15660 has higher
cooling, lower heating, and higher other use than site 15680. Both of these buildings are just
outside Seattle, so they have very similar climates. The two medical offices also show similar
energy use, but site 15036 (a large medical office) shows significant fan use compared to the
small medical office (site 15829). Neither of the retail buildings had grocery/refrigeration
sections, so the “Other” loads are small in comparison to the loads of the big box retailers from
the Pilot Study. The small office buildings are very different in their consumption profile.

Ecotope, Inc.
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Figure 1. Total EUI by Fuel Use

Figure 2. Total EUI by End Use

Ecotope, Inc.
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For the Pilot Study, the compliance assessment site EUIs were benchmarked against the
Northwest Energy Efficiency Alliance (NEEA) commercial new construction baseline study
(Baseline Study) (Baylon & Kennedy, 2008). 3 The Baseline Study sites were typically built to
the 2001 WSEC and were permitted, built, and occupied by early 2006. 4 Figure 3 shows a
comparison of the CBSA sites benchmarked against these baseline sites. The box plots represent
the distribution of the baseline sites, including the median EUIs for each building type. The
CBSA sites are overlaid as blue dots to demonstrate difference in EUIs between the two
comparison samples. The EUIs for the two elementary schools and for the two small retail
buildings are similar to the baseline buildings, while the EUIs for the medical offices and small
office buildings in the CBSA analysis are lower than most of the baseline sites.
Figure 3. Comparison of CBSA vs. Benchmarking EUI by Building Type

This CBSA demonstration shows that there is a lot of promise for doing a larger scale
benchmarking of existing buildings using this method. One issue to consider when comparing
benchmarking between datasets is the definition of the building types. Consumption profiles of
retail buildings, for instance, look much different when looking at big box retailers (many of
which have grocery sections) compared to smaller retail buildings; the average EUI is about half
for the smaller retail buildings compared to the big box retailers with grocery. The 2014 CBSA
dataset contains very detailed building type categorizations using definitions from multiple
sources, including the current CBSA, previous CBSA, Commercial Building Energy

3

Baylon & Kennedy. 2008b. “Baseline Energy Use of the 2002-2004 Nonresidential Sector: Idaho, Montana, Oregon,
and Washington.” Northwest Energy Efficiency Alliance.
http://neea.org/docs/reports/BaselineCharacteristicsofthe20022004NonresidentialSectorIdahoMontanaOregonandWa
shingtonEUIReport82536194FB35.pdf?sfvrsn=8.
4 For more discussion of the Baseline Study and relevance for this benchmarking effort, see Section 5.2.4
of the main report.
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Consumption Survey (CBECS), and Northwest Power and Conservation Council (Council). This
allows a detailed treatment of sites to match the analysis to the desired comparison study groups.
Benchmarking the CBSA data using the EZ Sim calibrated engineering model approach provides
the ability to analyze a large set of buildings by building type and energy code vintage. The
number of sites per code cycle prevents any meaningful summary of precise cycle-to-cycle
energy changes, but over a longer time period within the dataset, the effects of code
improvements can be analyzed. The EZ Sim disaggregation provides further trend analysis
possibilities by the main end uses of the buildings; overall improvements could be analyzed
within the context of end use improvements.
It is interesting to note about the onsite generation patterns within the CBSA dataset that certain
building types appear to have a higher prevalence of PV compared to other building types.
Schools, in particular, could be an interesting dataset to examine. Washington State implements
the Energy Efficiency and Solar Grants program, 5 which may have tracking data and
characteristics data for a much larger set of buildings than provided in the CBSA. This factor
may provide an opportunity to perform some focused energy use analysis on a sample of highperformance, newly constructed schools with PV integration.

5

http://www.commerce.wa.gov/Programs/services/CapitalFacilities/Pages/EnergyEfficiencyGrants.aspx
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