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1. Abstract

This report presents a comprehensive framework for achieving operational excellence in
commercial buildings, shifting the focus from episodic, failure-driven operations interventions
and piecemeal capital retrofits, to continuous, data-driven, systematic management practices
that secure superior financial returns and long-term asset value. Reviewing over three decades
of research on thousands of buildings, we evaluate the collective value of five interdependent
practices: Energy Management Planning (EMP), Improved Operations and Maintenance
(O&M), Energy Audits, Performance Benchmarking, and Existing Building Commissioning
(EBCx). The five practice areas are not siloed; there is significant overlap among them. EMP,
for example, incorporates elements of all the other practices to some degree. The synergies
between the practices are discussed throughout.

This study’s core analysis includes a detailed accounting of the energy savings, financial
benefits, and costs for each of these five practices according to the literature, providing the
economic justification for implementation. Taken together as a layered program of
interdependent operational practices, our analysis demonstrates the potential for financial
returns that frequently outperform capital-intensive hardware upgrades. By moving from
reactive "run-to-failure” models to a proactive asset preservation strategy, building owners can
realize substantial life-cycle returns on investment (ROI, based on cumulative, real returns over
the life of the system or measure), driven by benefits such as extended equipment life, reduced
energy usage, and the avoidance of emergency repairs. The literature confirms that these
proactive strategies provide cost-effective paths to energy savings, offering consistent returns
and rapid paybacks (often under two years).

We conclude with four strategic recommendations for owners and managers:
e Adopt a "total cost of ownership" mindset, shifting to preventative/predictive
maintenance practices to safeguard asset longevity.

e Integrate operational excellence practices into a "virtuous cycle" binding interdependent
elements such as benchmarking, energy audits, building commissioning, and
maintenance activities together through comprehensive energy management planning.

e Invest in workforce capacity and "energy champions" empowering and developing staff
and fostering the cultural shifts to sustain operational excellence and continuous
improvement.

e Implement existing building commissioning to capture whole-building energy savings
with minimal capital investment and consider incorporating monitoring-based
commissioning to ensure savings are sustained new opportunities are uncovered over
time.

Operational Excellence in Commercial Buildings | vi



2. Introduction

2.1 The Imperative for Improved Energy Management and Operation

The commercial building sector has been undergoing a fundamental shift in how value and
performance are defined. Historically, energy and cost saving efforts have focused heavily on
design and construction, and on episodic capital upgrades, such as replacing chillers or lighting
systems. However, a large body of evidence suggests that rather than defaulting to equipment
upgrades, the most significant, untapped opportunities for cost reduction and risk mitigation lie
in improving ongoing operational practices with existing assets (Mills 2009, Sullivan et al.
2010).

Communicating the benefits of “operational excellence” to stakeholders is critical for securing
the necessary buy-in for prioritizing and investing in improved operational practices. The
imperative is driven by the economic pressures of owning and operating commercial real
estate; building owners and operators face rising utility costs and the need to improve
competitiveness (BOMA 2025, JLL 2025). Integrated energy management and rigorous
operations and maintenance (O&M) plans and practices are increasingly recognized as
essential strategies to reduce operating expenses and risk for building portfolios. These
pressures move building management beyond one-time retrofits to a systematic management
approach that sustains performance over the long term. Operational excellence is not just a
best practice for high-performing real estate investment portfolios; it is a prerequisite for asset
value preservation (Mills et al. 2004, Koo and Van Hoy, n.d.).

2.2 Commercial Building Operations Practices

The "operational" side of the building performance equation is specifically focused on here.
While capital retrofits are vital, this study isolates and assesses the value of proactive energy
management and operational improvements for commercial buildings. Where the complexity of
systems makes "drift" in performance common and costly (Mills et al. 2004, Mills 2009),
systematic improved management practices, implemented in commercial facility operations and
maintenance has the potential for sustained return on investment (ROI); e.g. improved O&M
programs yielding 5%-20% energy cost savings (Sullivan et al. 2010) and a life-cycle ROI of
545% (over a 25 year period) (Koo and Van Hoy, n.d.), and existing building commissioning
achieving paybacks under two years (Crowe et al. 2020).

The scope of this study encompasses a framework of five overlapping and interdependent
practice areas that shift the focus away from singular project-by-project upgrades toward
sustained operational integrity through continuous, systematic, and data-driven building
management. The following practice areas are thoroughly elaborated in section 3, with citations
and information on benefits and costs:

1. Energy Management Planning (EMP): An overarching governance structure that
involves setting clear and measurable energy goals, designating a responsible energy
manager or director, making organizational commitments, and establishing rigorous
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energy accounting and monitoring practices. The EMP becomes a written plan of action
that outlines specific, measurable objectives, including many of the other practice areas
detailed here. For example it incorporates benchmarking through an energy accounting
and tracking phase, audits through an action planning phase, and operations and
training plans that level up O&M practices. Ultimately the EMP is the formal strategy
that binds activities like benchmarking, audits, maintenance, and commissioning
together into a cohesive cycle. It is the roadmap for achieving goals and is crucial for
securing management commitment and budgetary approval.

2.  Improved Operations and Maintenance: This practice area focuses on the shift from
reactive "run-to-failure" models to proactive O&M planning and adopting preventive
maintenance (PM) practices for preservation of assets. This includes low-cost strategies
including regular inspections and time-based maintenance schedules to extend
equipment life and ensure system efficiency. Advancing this practice area, condition-
based maintenance (CBM) triggers interventions based on real-time asset performance
and conditions rather than fixed schedules, and predictive maintenance (PdM) takes
this a step further, intervening based on real-time monitoring of equipment combined
with advanced logic to detect and predict issues and make fixes before failures occur.

3. Building Energy Audits: The diagnostic process used to characterize the state of a
building’s systems and energy-using components, and to identify specific energy
efficiency measures (EEMs), ranging from no-cost operational and controls adjustments
to more capital-intensive recommendations. Energy audits progress in scope from Level
| site assessments that utilize brief inspections and utility bill analyses to identify low-
cost opportunities, to Level Il audits that provide in-depth engineering and financial
analyses of specific energy efficiency measures, to Level lll investment-grade analyses
that involve rigorous long-term data collection, monitoring, and energy simulations to
financially de-risk major capital upgrades.

4.  Building Performance Benchmarking: The systematic tracking of energy performance
against historical baselines and expectations for building performance, and performance
of peer groups (similar buildings and use types, normalized for location-specific
variables like weather). Benchmarking is typically done in a comprehensive platform via
tools such as Energy Star Portfolio Manager (ESPM).! These tools provide a dashboard
to track and quantify performance in terms of energy usage intensity, or EUI (annual
energy usage divided by building floor area) and provide a scaled scoring system.
Benchmarking frames a given building’s performance relative to other buildings to
identify underperforming assets and verify savings and improvements over time by re-
scoring over new performance periods (e.g. after EEM implementation).

5.  Existing Building Commissioning (EBCx): The systematic process of investigating and
optimizing systems and controls to ensure they operate efficiently and meet operational
needs, typically tuning up rather than replacing equipment. A rigorous quality assurance
process ensures that systems function as designed, catching and correcting hidden
operational problems and inefficiencies. EBCx activities including retrocommissioning

L https:/ivww.energystar.gov/buildings/benchmark
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(RCx), to identify and correct existing deficiencies through low-cost adjustments, as well
as the more advanced monitoring-based commissioning (MBCXx), in which an energy
management & information system (EMIS) is used to continuously track facility
performance, are key to sustaining energy performance targets and preventing
performance drift. EMIS tools like fault detection and diagnostic (FDD) software can
automatically detect and prioritize operational faults before they lead to complaints or
equipment failure, transitioning facilities to a proactive operations model.

2.3 Study Obijectives

The primary goals of this study are to succinctly define, as well as to assess the economics of,
operational excellence practices, as detailed in a large body of literature documenting their
value in real-world application. Despite the intuitive value of operational excellence, precise
financial data is often not available when an organization seeks to justify investment in and
prioritization of the practice areas. Compiling credible studies and sources that enumerate the
benefits of these practices, this report is intended to provide a convenient and organized
reference useful for building owners and operators making the financial justification to move
beyond minimum operations burden. Doing so can reframe operational expenditures from
"sunk costs" to high-yield investments in building resilience and value.

To this end, a detailed literature review was conducted to accomplish the following objectives.

e Quantify costs and benefits to establish the economic case: Synthesize source
information to provide referenceable ranges for the costs of implementation (e.g., cost
per square foot for audits or O&M programs) and the resulting benefits (e.g., energy bill
reductions) and clearly communicate the value (e.g. ROI, payback periods) that
operational excellence offers, including from cost savings as well as from improvements
in factors such as asset reliability and occupant comfort.

e |dentify barriers and solutions: Highlight common barriers to operational excellence,
such as perceived "hidden" costs, and highlight how standardized frameworks as well
as supporting resources can lower hurdles.

While the study focuses primarily on operational management practices rather than specific
hardware, it employs a "whole-building approach” whose scope encompasses all major energy-
using systems, including building envelopes and windows, lighting arrays, HVAC equipment
such as chillers and air handling equipment with airside economizers, and their associated
control sequences and operational schedules.

2.4 Summary of Costs and Benefits for Operational Excellence Practices

Based on a literature review of over 30 studies, reports, articles, and white papers, the
practices required for operational excellence offer superior financial returns, including rapid
payback periods, high ROI, and significant energy savings, when compared to traditional
capital retrofits. The ranges of costs, energy savings, and financial benefits presented in Table
1 are derived directly from the information compiled during this literature review. Detailed
information and specific source references for each practice area are provided in the

Operational Excellence in Commercial Buildings | 3



subsequent sections of this report. Note that the costs and benefits tabulated here cannot be
summed to determine aggregate costs and benefits from the individual practices because there
is significant overlap and interdependence among them. The final column in the table describes
practice area overlap. Some costs or benefits presented for one area may be inclusive of

others in whole or in part. For example, benchmarking is often included in energy auditing, in
which case the costs indicated for benchmarking may be a sub-set of the total costs indicated

for audits.

Table 1. Cost, Benefits, and Interdependencies of Practices

Reported Reported Reported Financial
Practice Area Costs* Energy P s Overlap with other Practice Areas
2 o Benefits
($/ft?) Savings
None given Involves benchmarking,
Energy (savings None given development of O&M plans and
Management $0.42 achieved by (benefits attained training. Normally includes audit
Planning other by other practices) phases and commissioning actions
practices) as well.
Heavily i . ith
Payback: 0.3 to 2 yr. cavily |nt§rtwln?d wit .
Improved . retrocommissioning (RCx), which
Benefit/Cost: 3.8 . .

o&M . includes advanced systematic O&M.
. $0.33 to Life-cycle ROI: 545% . ) )
(planning, 5% to 20% - Proactive O&M impacts equipment

) $0.43 (25-yr projection) . o
Preventative . lifetimes and efficiencies,
. Life-cycle IRR: 98% . . P
Maintenance) L influencing audit findings and
(7-yr projection) .
recommendations.
Often the first step in an audit,
helps screen buildings in a portfolio.
Performance $0.01 to 1.6% to 14% None given S:(:t ;S Zzinalsdfji$;umt
Benchmarking $0.02 Avg: 2.4% & pe. P
component to evaluate
performance and track progress
over time.
None given Normally includes benchmarking.
50.05 to (savings None given Diagnostic tool for O&M and RCx.
Building over 50.50, . - g . Does not save energy, but identifies
. (depending achieved by (benefits attained . .
Energy Audits ) . opportunities to do so. Feeds into
on audit other by other practices) .
. EMP capital management
level) practices)
processes.
Pavback: 1.7 av Assessment, execution, and
Existing $0.26 to LifZ c clé R.OI- 4g5.01y verification to address operational
Building $0.30. Avg: 6% to 16%, (5-yr yro'ectic;n) ” | deficiencies, focusing on low-cost
Commissioning | $0.06 for 9% for MBCx yrproj O&M measures for savings and
Cash-on-cash return . .
(RCx, MBCx) FDD persistence. Feeds into EMP
(1yr):91% .
assessment and planning.
*Cost and benefit ranges are based on figures reported throughout the literature. Figures denoted as averages
are averages as reported in individual sources and are not meant to indicate normalized or weighted
averages across sources. Cost figures are not adjusted to current dollars.
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3. Operational Excellence Practices

The following are detailed explorations of the five core practices that collectively define an
operational excellence framework for commercial buildings. For each practice area, Energy
Management Planning (EMP), Improved Operations and Maintenance (O&M), Energy Audits,
Building Performance Benchmarking, and Existing Building Commissioning (EBCx), the primary
activities involved, quantified financial benefits, and associated costs are elaborated.

3.1 Energy Management Planning

3.1.1 Introduction

Energy Management Planning is a structured process through which building owners formulate
a plan to monitor and reduce a building's energy consumption. It can involve designating an
energy manager, setting measurable goals, and establishing rigorous energy accounting and
monitoring practices (EPA 2013, ASHRAE 2024). While formal definitions of EMP vary in their
detail and prescriptiveness, the concept is presented here as a general, flexible framework
rather than being strictly bound to any single industry standard.

EMP overlaps significantly with all the other practice areas discussed in this study. It integrates
the diverse operational activities into a continuous cycle of improvement, embedding
performance benchmarking into energy accounting and tracking phases, including building
energy audits in the planning phase, relying on O&M planning and preventive maintenance in
operations and training phases, and typically including existing building commissioning in
implementation and capital management plans. EMP elements may include:

e Accounting and tracking: implementing a system to record annual energy use and
comparing this data against established performance targets. This includes net energy
use data for at least one year, and reporting energy usage intensity (EUI), and extends
cyclically to annual updates comparing net EUI to energy targets and documenting
changes in occupancy, operating hours, or equipment that influence these metrics.

e Action planning: identifying energy efficiency measures from audits, documenting
implementation, and outlining future projects

e Operations and training: including specific operations and maintenance programs,
formal O&M and training plans for personnel, and methods to inform building occupants
about efficiency

e Accountability: designating an energy manager to oversee the plan and ensuring the
owner reviews and signs it annually. To ensure the highest level of competence, an
energy manager may be required to hold a recognized credential, such as the Certified
Energy Manager (CEM) designation provided by the Association of Energy Engineers
(AEE). Recognized by ASHRAE as a 'qualified person' standard, the CEM credential
validates the capacity to lead complex energy use analysis and strategic planning
(SLEEAN 2013, ASHRAE 2024).

e Capital Planning: maintaining a capital management plan that identifies future EEMs

Operational Excellence in Commercial Buildings | 5



and equipment replacement strategies.

3.1.2 Benefits

By establishing performance baselines, ensuring accountability through a dedicated energy
manager, and integrating energy considerations into capital planning, EMP programs protect
long-term asset value. The primary value of EMP lies in its ability to drive persistent savings
through structure and accountability. The EMP in itself does not necessarily reduce energy
consumption without the subsequent implementation of the actions and measures identified.
Typically the savings will be achieved by the activities facilitated by EMP, like implementation of
EEMs, operational savings from improved maintenance, building recommissioning, etc.

3.1.3 Costs

While the operational savings are significant, establishing these programs requires an upfront
organizational investment. Data representing 299 buildings in Washington state indicate that
the average cost for developing and implementing an EMP is approximately $0.42/ft> (Pulles et
al. 2024). These costs are administrative in nature and do not, in themselves, directly reduce
energy consumption without the subsequent implementation of the practices and measures that
EMP identifies.

3.2 Improved Operations and Maintenance

3.2.1 Introduction

According to a U.S. Department of Energy (DOE) Guide to Achieving Operational Efficiency
(Sullivan et al. 2010): “Operations and Maintenance are the decisions and actions regarding the
control and upkeep of property and equipment... inclusive of but not limited to 1) actions
focused on scheduling, procedures, and work/systems control and optimization, and 2)
performance of routine, preventive, predictive, scheduled and unscheduled actions aimed at
preventing equipment failure or decline with the goal of increasing efficiency, reliability,
resilience, and safety.”

“Reactive maintenance” represents the standard baseline for many facilities, often
characterized by a "run it until it breaks" mentality for equipment maintenance (PNNL 2021)
and addressing building performance deficiencies only when occupant complaints surface. This
approach involves minimal planning and unscheduled interventions reactive to problems and
complaints, meaning maintenance is only performed after equipment has already failed or
malfunctioned or intended sequences of operations are not being executed (Keller and Owen
2025). While the reactive approach might seem cost-effective initially due to requiring fewer
staff and less upfront investment, it almost always leads to higher long-term expenses.
Elevated costs are driven by unexpected system downtime, the need for emergency repairs,
secondary damage to surrounding equipment, higher labor and overtime costs, and significant
losses in productivity and material inventory.

Preventive maintenance (PM) contrasts with the reactive approach by taking a proactive, time-
based or machine-run-based approach (PNNL 2021). PM involves regular, scheduled
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inspections and routine servicing, such as lubrication, adjustments, and the early replacement
of wearing parts, designed to detect and mitigate degradation before a failure actually occurs.
The primary goal of PM is to extend the useful lifespan of machinery, minimize unplanned
downtime, and enhance overall operational efficiency. Condition-based maintenance (CBM)
and predictive maintenance (PdM) advance the proactive maintenance philosophy even further.
With CBM, rather than relying on a strict time-based schedule to perform maintenance,
interventions take place based on the actual, real-time condition of the equipment. PdM, which
is in the very early stages of development and industry adoption, extends the practice by using
specialized measurements, data tracking, and logic increasingly including machine learning, to
detect the early onset of system degradation, prompting facilities to service equipment when or
even just before needed. “The primary distinction between PdM and CBM is that PdM
anticipates future failures and schedules maintenance accordingly, whereas CBM focuses on
real-time monitoring to identify current equipment conditions and immediate maintenance
requirements (Murtaza et al. 2024).”

To advance O&M practices from a baseline reactive mode to a more proactive approach,
building managers and owners often rely on O&M assessments and plans. An O&M
assessment is a systematic process for gathering, analyzing, and presenting information to
identify low-cost solutions for improving energy usage, occupant comfort, and indoor air quality,
as well as obtaining a clear understanding of current O&M practices. It involves conducting
detailed interviews with facility managers and operators, reviewing equipment conditions and
documentation, and performing spot tests or data logging to find optimization opportunities
(PECI 1999).2 In conjunction, O&M planning involves establishing a formally documented
schedule of inspection and maintenance tasks tailored to the specific size, design, and
complexity of a facility's systems.

Together, these practices significantly improve daily operations, prioritizing cost-effective
repairs, extending equipment life, reducing reactive emergency maintenance, and sustaining
energy efficiency over time. Executing proactive O&M strategies also requires a skilled
workforce. Enrolling facilities staff in programs like the Building Operator Certification (BOC), a
nationally recognized, competency-based training, ensures they possess the necessary skills.
BOC Level | training establishes a foundation in energy-efficient maintenance practices, while
Level Il focuses deeply on advanced equipment troubleshooting to sustain energy savings
(Sullivan et al. 2010).

A well-run O&M program employs deep planning and a life-cycle approach that blends
preventive, predictive, and reactive maintenance with equipment calibration actions, in a
“reliability-centered maintenance” framework to ensure occupant satisfaction and system
efficiency (Sullivan et al. 2010). Ultimately, proactive O&M programs do not view maintenance
as a "nuisance cost," but rather as a strategic economic engagement. While it is impossible to

2 An O&M assessment can be a specific component of the broader existing building commissioning (EBCx)
processes discussed in section 3.5. Specifically, an O&M assessment would be included in the Planning and
Investigation phases of the comprehensive four-phase EBCx approach: Planning, Investigation, Implementation, and
Project Hand-off.
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eliminate emergency breakdowns entirely, an optimal target mix for a well-run facility is
approximately 20% to 30% reactive maintenance, 25% to 35% preventive maintenance, and
30% to 40% predictive maintenance (PNNL 2021).

3.2.2

Benefits

The financial argument for improved O&M is robust, driven primarily by asset preservation and
operational savings.

3.2.3

ROI: Investments in PM were predicted to produce an ROI of 545% over a 25-year
period, compared to "no PM" scenarios (essentially reactive maintenance), based on
financial and operational data from a proxy portfolio of 14M ft? of mixed property types
and expert-derived estimates on equipment longevity impacts (Koo and Van Hoy, n.d.).
Low-cost O&M improvements can also yield a 98% IRR over a 7-year measure life,
driven by annual utility bill savings (PECI 1999).

Payback period of O&M assessments and improvements: Because the improvements
identified in O&M assessments are often low-cost or no-cost (e.g., sensor calibration,
schedule adjustments), they offer rapid financial returns. Simple payback periods for
O&M assessments are generally under two years, and often less than one year (PECI
1999). A Federal Energy Management Program (FEMP) analysis of federal facilities that
implemented low-cost O&M projects found a benefit-to-cost ratio of 3.83, meaning $3.83
was saved for every O&M dollar invested, resulting in a simple payback period of just
0.26 years for operational improvements (Sullivan et al. 2010).

Extended equipment life: Increasing the useful life of equipment delays expensive
capital replacements. Transitioning to PM can extend the lifespan of machinery by 20%
to 30% (Keller and Owen 2025).

Maintenance cost reductions: Proactive O&M strategies are significantly cheaper to
sustain. Transitioning to PM results in an average reduction in overall maintenance
costs of up to 30%, with average annual PM costs running 20% lower than corrective
maintenance (Keller and Owen 2025). Predictive maintenance can deliver further cost
reductions of 8% to 12% over preventive maintenance approaches (PNNL 2021).

Energy savings: Systematic O&M improvements are a low-cost method to reduce utility
expenses. O&M assessments typically identify changes yielding energy savings of 5%
to 20% of a building's annual utility bill (PECI 1999, Sullivan et al. 2010).

Capital efficiency: O&M measures are highly efficient compared to retrofits. In one
program analysis, O&M projects demonstrated a ratio of dollars saved per dollar
invested of nearly 15:1, compared to just 0.7:1 for capital-heavy retrofit projects
(Sullivan et al. 2010).

Costs

In a Washington state study of over 200 buildings, it was estimated the one-time cost to
develop improved O&M programs averaged $0.43/ft> (Washington State Department of
Commerce 2024, Pulles et al. 2024). For a corporate portfolio case study where a benchmark
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PM program was implemented, costs were approximately $0.33/ft?> per year (Koo and Van Hoy,
n.d.).

3.24 O&M Success Stories

A study highlighting benefits from improved O&M planning (PECI 1999) mentions a 250,000 ft2
office building in Nashville where an O&M assessment identified over $42,000 in annual
savings ($71,700 in adjusted terms, assuming a flat 2% annual inflation rate from 1999-2026
for energy and operational cost); the simple payback for both the assessment and
implementation was under seven months. At a Raytheon campus, O&M improvements saved
over $400,000 annually ($682,800 in 2026 terms), representing nearly 40% of the total energy
use (ibid).

Through the O&M Best Practices web portal, Pacific Northwest National Laboratory (PNNL)
provides a comprehensive suite of resources and technology-focused guidance to help federal
agencies adopt O&M best practices to improve energy efficiency and building operation. The
site features a broad range of actionable equipment maintenance summaries, safety checklists,
and challenge discussions designed to help building management staff adapt emerging O&M
best practices, technologies, and federal performance requirements.

. ABOUT ‘ NEWS & MEDIA CAREERS EVENTS

PNNL RESEARCH ‘ PEOPLE ‘ PARTNER WITH PNNL

O&M Best Practices

Operations and Maintenance in Federal Facilities

The Federal Energy Management Program's (FEMP's) operations
and maintenance (O&M) resources provide federal agencies
technology- and management-focused guidance that can
improve energy and water efficiency and assure safer and more

reliable operations.

https://www.pnnl.gov/projects/om-best-practices

3.3 Energy Audits
3.3.1 Introduction

An energy audit, also referred to as an "energy assessment" or "energy study," is a systematic
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process intended to determine where, when, why, and how energy is used in a facility. Audits
are a powerful tool for uncovering operational and equipment improvements that lead to higher
performance and reduced costs (Baechler et al. 2011). Unlike a simple walkthrough, a formal
audit typically employs a "whole-building approach," examining building systems, operations,
maintenance procedures, and schedules to provide an accurate picture of savings
opportunities.

It is important to distinguish the audit from the actual saving of energy. Undertaking an energy
audit does not, by itself, result in energy savings; rather, it provides building operators with the
information needed to make better management decisions (SLEEAN 2013). The audit's main
outcome is a prioritized list of recommended EEMs along with an assessment of their financial
viability. These recommendations can range from no-cost operational adjustments (such as
schedule changes) to capital-intensive retrofits. The process for performing an audit involves
close collaboration between the auditor and facility staff.

The DOE Guide to Energy Audits outlines a standard four-step workflow (Baechler et al. 2011):

1. Preliminary Review: The auditor collects and analyzes at least two years of historical
utility data to account for seasonal variations and determine a facility’s EUI. Note that in
doing so, particularly if historic EUI data is tracked in a system like Portfolio Manager,
the preliminary review step includes the effort and costs associated with benchmarking,
the next practice area explored in this study. In many cases benchmarking will be
entirely a subset of the audit process.

2. Site Assessment: A physical inspection is conducted to inventory key building elements
and interview O&M staff regarding current procedures and concerns.

3. Data Analysis: The auditor calculates baseline energy use and models the financial
impacts of potential EEMs using the owner's preferred economic methodology (e.g.,
simple payback or life-cycle cost).

4.  Audit Report: The final deliverable provides a summary of findings, equipment
inventory, and detailed EEM recommendations including costs, savings, and impacts on
occupant comfort.

The American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)
defines three distinct levels of audits (ASHRAE 2023), allowing owners to choose the depth of
analysis that fits their budget and goals:

Level | (Site Assessment/Preliminary Audit): This involves a brief site inspection and bill
analysis to identify no-cost and low-cost opportunities. It provides a general view of
potential capital improvements and is often sufficient for smaller facilities without major
capital budgets. This audit level yields only rough costs and savings estimates or
rankings for potential improvements.

Level Il (Energy Survey and Analysis): This level includes a more in-depth analysis of
energy costs and usage, providing specific EEM recommendations aligned with the
owner's financial plans. A Level Il audit requires a detailed engineering and financial
analysis of EEMs, featuring a summary table that breaks down estimated measure cost,
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energy savings, and O&M savings for each recommendation. This audit level is
recommended for facilities that have never been audited or are planning renovations.

Level lll (Detailed Analysis/Investment Grade): This involves rigorous engineering
analysis, long-term data collection, and monitoring. Level Il includes highly detailed
financial evaluations and the use of annual energy simulation to more accurately predict
savings. This level provides the solid financial analysis required to secure funding for
major capital investments, effectively "de-risking" expensive retrofits.

3.3.2 Benefits

The primary benefit of an energy audit is the identification of opportunities. The audit is
essentially a decision-making tool that bridges the gap between current performance and
potential savings. Audits provide a roadmap for efficiency, identifying a spectrum of measures
from simple "re-tuning" to major system overhauls, but do not in and of themselves save
energy. Those benefits are realized only if identified EEMs are implemented. Level Il and I
audits provide the higher-grade analysis necessary to prioritize capital spending. While
performing comprehensive audits requires capital outlay, they are often prerequisites for
identifying retrofit measures that can then yield significant energy savings if implemented.

Beyond energy savings that can be realized with identified EEMs, the systematic assessment
of building systems can yield substantial non-energy benefits. These include ensuring the
health and safety of occupants, improving thermal comfort, confirming the design life
expectancy of equipment, and other reliability checks to reduce outages, underperformance
and occupant inconvenience (Baechler et al. 2011).

3.3.3 Costs

The cost of an energy audit varies significantly based on the building's size, complexity, and the
depth of the analysis (i.e. ASHRAE level). Depending on facility complexity, detailed energy
audits are reported to range from $0.12 to $0.50/ft?, according to a 2011 study (Baechler et al.
2011), though more current industry information on commercial building audit costs gives
ranges from $0.05 to $0.15/ft? for a preliminary Level | screening, to $0.10 to $0.30/ft? for a
Level Il analysis, and $0.25 to $0.50/ft?> or more for complex, investment-grade Level IIl audits.®
An industry rule-of-thumb is that to ensure cost-effectiveness, the cost of an energy audit
should generally not exceed 10% of the building's annual utility bill (though the audit level is not
specified for this rule) (Baechler et al. 2011).

3.4 Building Performance Benchmarking

3.4.1 Introduction

Building performance benchmarking is the systematic process of measuring and tracking a
building's energy consumption to compare against the building’s historic performance, standard
industry benchmarks, or the performance of peer buildings (Antonoff 2017, EPA 2013). The
methodology involves collecting specific building characteristics such as size, occupancy and

3 https://vutility.com/blog/commercial-energy-audit-cost-per-square-foot-pricing-breakdown
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use type, along with utility data (e.g. electricity, natural gas, any other sources, including onsite
generation) to calculate key performance metrics like EUI. By quantifying energy consumption
per square foot, building owners and operators can evaluate their overall efficiency, track
progress over time, and identify specific areas for energy-saving improvements.

This tracking is typically conducted using comprehensive platforms like the U.S. Environmental
Protection Agency’s free web-based tool, Energy Star Portfolio Manager (ESPM), at
https://www.energystar.gov/buildings/benchmark. This tool functions as a dashboard to
calculate EUI and provides a scaled 1-to-100 percentile ranking that compares a building’s
energy performance to similar facilities, adjusted for local weather and business activities in the
building. A score of 50 represents the normalized median, while a score of 75 or higher means
a building is in the top quartile of performers. Ultimately, this data-driven process allows
managers to pinpoint underperforming assets and verify the effectiveness of newly
implemented efficiency upgrades over subsequent performance periods (Baechler et al. 2011,
Mims et al. 2017, ACEEE 2018).

3.4.2 Benefits

Extensive data demonstrates that the simple act of tracking energy use consistently correlates
with measurable reductions in consumption. Analyzing over 35,000 buildings using Portfolio
Manager consistently between 2008 and 2011, a study found average annual savings of 2.4%,
achieving a cumulative total savings of 7.0% over the four-year period (EPA 2012). Notably, the
greatest savings were realized by buildings that started with lower efficiency scores (under 50),
which saved twice as much energy as those starting above average. Performance
benchmarking and transparency carries an additional economic benefit, with higher
performance labels correlating with higher sale and rental prices (Mims et al. 2017).

One study finds energy usage reductions ranging from 1.6% to 14% over two- to four-year
periods in cities with widespread benchmarking (ACEEE 2018). Another study finds a 3%
reduction in quarterly utility bills (Mims et al. 2017). A meta-review of several U.S. cities
highlights specific financial and energy benefits associated with benchmarking (Antonoff 2017):

e Chicago: Properties reporting for three consecutive years reduced energy usage by 4%,
leading to estimated savings of $11.6 million per year.

e New York City: Over a six-year period, benchmarked buildings reduced energy use by
10%.

e San Francisco: Properties benchmarking consistently from 2010 to 2014 demonstrated
a 7.9% overall reduction in energy use.

3.4.3 Costs

Sources on benchmarking service costs are difficult to locate. The costs associated with
benchmarking vary depending on whether they are viewed as internal administrative time, or
are contracted out to energy engineering consultants. In the latter case, they are very often
included in energy audit services, in which case the additional costs for benchmarking are not
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visible. As with audits, benchmarking activities do not save energy directly; benefits are only
realized if actions are taken based on benchmarking results.

Benchmarking-only services are typically based on custom quotes; standard fee schedules per
building or square foot were difficult to locate in the literature review. An industry contact
indicated that energy consultants offer benchmarking as a core service for $1,000-$2,000 per
building, and sometimes for $500 or less. Los Angeles’s information page for its Existing
Buildings Energy and Water Efficiency (EBEWE) ordinance puts benchmarking costs at $200-
$400/year per building (20,000 ft? or more).* The Omaha Public Power District’s Energy Star
Benchmarking rebate program offers up to $500 to cover what is described as “100% of
building benchmarking costs.”™ Elsewhere, industry deployment data for commercial “meter-
level” Energy Information Systems (EIS) used specifically for utility tracking and energy
benchmarking indicate set-up costs of approximately $0.01 per square foot (Kramer et al. 2019,
Lin et al., 2022). Considering all of these sources, benchmarking costs are expected to be in
the range of $0.01 to $0.02/ft2.

3.5 Existing Building Commissioning (EBCx)

3.5.1 Introduction

Existing building commissioning (EBCXx) is an umbrella term for the systematic process of
investigating, analyzing, and optimizing the performance of building systems. EBCx identifies
and implements cost-effective measures to ensure buildings function efficiently and meet the
owner's current operational requirements. It is a rigorous process, carried out either periodically
or on an ongoing basis, to verify and document that systems function as designed (Crowe et al.
2020). Unlike capital retrofits, this process focuses on "re-tuning” via low-cost enhancements to
operations and controls (Tiessen 2017). The goal of EBCx is to align building performance with
goals, such as those defined in Current Facility Requirements (CFR), commonly through
Building Automation System (BAS) trend data analysis, as well as documentation and operator
training (ASHRAE 2015).

While terminology varies, retrocommissioning (RCx) can be understood as a single
comprehensive, and bounded (rather than open-ended) effort (though it can be repeated
periodically) to optimize energy efficiency and operational performance by identifying and
correcting equipment and control system deficiencies through low-cost adjustments, cleaning,
and repairs (SLEEAN 2013). The RCx term is often used synonymous with the EBCx definition
above. However RCx is distinguished as a sub-set of EBCx activities; the key differentiator for
RCx is that it is a defined, single intervention, from investigation to implementation of “fixes,”
though in practice it can be applied cyclically (e.g. one-year or five-year cycles). Because these
diagnostic interventions are highly technical, policy guidelines often require that professionals
supervising commercial energy audits hold a CEM designation, while commissioning providers
may hold certifications from the Building Commissioning Association, the Association of Energy
Engineers, or the Associated Air Balance Council Commissioning Group (or ACG)

4 https://www.ebeweordinance.com/ai-info-page
5 https://www.oppd.com/business/products-services/save-money-save-energy/energy-star-rebates/
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Commissioning Group. Alternatively, building operators without an engineering degree can
gualify to lead these complex assessments if they possess significant hands-on experience
(e.g., 10 years as an operating engineer) combined with a BOC (SLEEAN 2013).

Monitoring-based commissioning (MBCX) is the branch of EBCx that systematizes the
persistence of commissioning performance. MBCx employs energy management and
information systems (EMIS) to continuously track facility performance and prevent
"performance drift," ensuring that previous energy savings persist and continually identifying
new opportunities (Crowe et al. 2020, Sims and Malinowski 2026). Continuous or ongoing
commissioning (OCXx) are other terms for the continuous application of the commissioning
process to a building or energy system (PNNL 2021, DOE 2022). They are in practice
inextricably linked to MBCXx, which provides the specific data-driven techniques and procedures
that make OCx possible. By utilizing EMIS tools like fault detection and diagnostic (FDD)
software, facility teams can transition to a proactive operations model. These systems
continuously monitor system-level data from the building automation system to automatically
detect and prioritize operational faults before they lead to occupant complaints or equipment
failure (Kramer et al. 2019, 2020). Table 2 below provides a comparative reference for the
EBCx terminology introduced here; this is not a comprehensive list of all of the myriad terms
used in reference to commissioning however.

Table 2. Comparison of Commissioning Terminology and Scopes

Term Stage, Primary Purpose Key Activities & Typical Overlaps &
Frequency Methods Practitioners Distinctions
Commissioning = New Verify that newly | Facilitate Commissioning = The
(Cx) construction. | constructed OPR/BOD Authority (CxA) | foundational
systems are development, concept from
One time installed and design review, which all others
operating per functional derive
the Owner's performance
Project testing, systems
Requirements checkout,
(OPR) and Basis controls
of Design (BOD) verification, O&M
training,
documentation
Existing Any existing Umbrella term Comprehensive CxA Broad,
Building building, for systems encompasses
Commissioning  regardless of = systematically investigation, RCx; used in
(EBCx) Cx history. investigating and | operational LEED for
improving benchmarking, Existing
One time. performance of EEM Buildings; the
existing identification and preferred
buildings prioritization, formal/
O&M contractual
improvements term in many
contexts
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Term

Retro-
commissioning
(RCx)

Monitoring-
Based
Commissioning
(MBCx),
Ongoing
Commissioning
(OCx)

Stage,
Frequency

Existing
buildings
with no prior
Cx history.

One time or
periodic.

Sub-set of
EBCx.

Existing
buildings.

Ongoing.

Sub-set of
EBCx.

Primary Purpose

Achieve
intended
performance in
buildings that
were never
formally
commissioned

Use automated
data analysis
and energy
management
and information
systems (EMIS)
tools to
continuously
detect and
correct
operational
faults and
energy waste

Key Activities &

Methods

Benchmarking,
diagnostic
monitoring,
systems
investigation,
EEM
identification,
verification

BAS data
streaming,
automated FDD,
issue
prioritization by
cost/impact,
technician
dispatch and
verification

Typical
Practitioners

CxA

CxA, energy
engineers,
facility
managers,
software
platform
providers

Overlaps &
Distinctions

Technically a
subset of EBCx;
the "retro"
implies working
without original
commissioning
documentation
as a baseline;
some
practitioners
use RCx and
EBCx
interchangeably

Technology-
and data-
driven; strongly
tied to FDD
platforms and
BAS integration

An important industry resource on EBCx is the Building Commissioning Association’s Existing
Building Commissioning Best Practices, which provides a comprehensive, five-phase
procedural framework designed to help practitioners optimize building performance, improve
energy efficiency, and ensure systems interactively meet a building's documented CFR (BCxA
2024). Another resource for EBCx is ASHRAE 230-22: Commissioning Process Requirements
for Existing Buildings and Systems, which defines the minimum commissioning activities for
existing buildings, providing procedures, methods, and documentation requirements from
investigation, implementation, hand-off, and initial ongoing commissioning (ASHRAE 2022).
ASHRAE Guideline 0.2-2015: Commissioning Process for Existing Systems and Assemblies.
Standard 230 Guideline 0.2 also provides a comprehensive framework for evaluating and
testing existing systems, describing the procedures and methods for a quality-oriented
commissioning process to improve the performance of existing building systems and
assemblies to meet defined operational requirements (ASHRAE 2015).
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The Existing Building Commissioning Best Practices (BCxA 2024) report establishes a
methodical five-phase framework (Planning, Initial Assessment, Investigation,
Implementation, and Hand-off) to optimize existing building systems. Intended for building
owners, facility managers, and commissioning providers, the document serves as a quality
benchmark to ensure a professional process that improves energy efficiency, occupant
comfort, and indoor air quality while reducing operational costs. The document highlights the
importance of developing or updating Current Facility Requirements (CFR) during the
Planning Phase to define the building's

operational needs (such as temperature, ﬂ

®  Buildin
humidity, and operating hours) and to CB}A Comnionng

then ensure that systems meet the
documented CFR through the
implementation process. The report also

emphasizes trend analysis for
identifying operational issues and
advocates for robust verification using
functional performance testing and / X
trend point monitoring to ensure facility

improvement measures are successfully EXI STI N G BU I LD IN G
implemented and meet the owner's COM MISSIONING
operational requirements. Finally, EBCx

should culminate in a "persistence plan" '

to maintain performance gains through BEST PRACTICES

training and ongoing commissioning.

https://www.bcxa.org/uploads/resources/bcxal005bestpractice-existingbuildingcommissioning-v3.pdf

3.5.2 Benefits

There is perhaps a more comprehensive body of evidence on the economic case for existing
building commissioning than for any other energy management strategy. A landmark meta-
analysis by Lawrence Berkeley National Laboratory (LBNL), asserts that EBCx is the single-
most cost-effective strategy available for reducing energy costs (Mills 2009), compared
primarily to conventional hardware upgrades in the commercial sector (such as lighting retrofits,
HVAC equipment efficiency upgrades, and building shell improvements). The meta-analysis
included 643 buildings, finding that EBCx projects result in median whole-building energy
savings of 16%. Projects achieved a median benefit-cost ratio of 4.5, or a life-cycle ROI of
450%, calculated over an assumed five-year project lifetime. Additionally, these projects
yielded a median cash-on-cash return of 91%, comparing first-year cost savings against initial
project costs.

A subsequent 2020 LBNL study, which expanded the dataset to 1,482 buildings, found that
savings vary by approach: utility-sponsored EBCx programs showed median savings of 6.4%,
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while EBCx implemented outside of utility programs achieved median savings of 14% (Crowe
et al. 2020). In an analysis of the source of EBCx energy savings, nine specific measures were
found to account for the majority of savings (Tiessen 2017). The top contributors include
revising control sequences (21%), reducing equipment runtime (15%), and optimizing airside
economizers (12%).

When EBCx incorporates advanced analytics through an MBCx approach, the benefits are
substantial. Recent data from the Smart Energy Analytics Campaign, which analyzed over half
a billion square feet of commercial space, demonstrates that organizations using FDD tools
achieved a median annual energy savings of 9% (or $0.24/ft2) by their second year of
installation (Kramer et al. 2020). These analytics enable staff to quickly identify the root causes
of issues, such as simultaneous heating and cooling or suboptimal economizer operations,
ensuring that efficiency gains persist over time.

EBCx investments are recovered quickly, with a reported median simple payback of 1.7 years
(Crowe et al. 2020). EBCx provides substantial non-energy benefits as well, such as improved
thermal comfort, better indoor air quality, and extended equipment life that can offset the net
project cost by an average of 49% (Mills 2009).

3.5.3 Costs

One of the most compelling findings from the literature is that the cost of EBCx is decreasing
over time as tools and market maturity improve. The 2009 LBNL meta-analysis reported a
median cost of $0.30/ft? for existing buildings (Mills 2009). The 2020 LBNL update found that
median costs had dropped, with the median cost for EBCx projects in the 2018 sample being
just $0.26/ft> (Crowe et al. 2020). Another study found “recommissioning” costs ranged from
$0.05 to $0.40//ft?> (Sullivan et al. 2010). The cost per square foot generally decreases as
building size increases, making it particularly cost-effective for portfolios of large commercial
buildings (Crowe et al. 2020).

Implementing the analytics software necessary for MBCx offers a highly cost-effective entry
point to operational excellence. Median software installation and configuration costs are just
$0.01/ft2 for Energy Information Systems (EIS) and $0.06/ft2 for FDD, with both technologies
achieving a median simple payback period of only two years (Kramer et al. 2020). However,
owners must also account for recurring annual software fees (median $0.01 to $0.02/ft?) and
the dedicated in-house labor required to routinely review the diagnostics and execute fixes in
order to realize these financial returns

3.5.4 Success Stories

Lawrence Berkeley National Laboratory Ongoing Commissioning (Elliott et al. 2020): The lab
has implemented an ongoing commissioning (OCx) program, a rigorous process of short-cycle
(4- to 5-week) "sprints" during which a cross-functional, dedicated team of controls engineers,
HVAC/controls technicians, an energy engineer, and analytics support team systematically
identifies, selects, fixes, and verifies energy-wasting equipment deficiencies. The team relies on
regular feedback and sprint reviews to ensure continuous improvement and utilizes fault-
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detection algorithms and outputs within a lab-wide analytics platform to identify new building
deficiencies and ensure that savings from addressed deficiencies persist over time. As of 2020,
this approach generated maintained energy savings of 12.2 million kWh per year, with direct
ongoing commissioning savings totaling $446,000 annually. The energy savings across ten
facilities averaged 16%, proving the effectiveness of this approach for large portfolios.

3.6 Overlap, Synergies, and Related Frameworks

3.6.1 Operational Excellence as an Ecosystem of Interdependent Practices

While industry may treat energy management planning, O&M, benchmarking, auditing, and
commissioning as discrete, line-item activities, they function most effectively as an integrated
ecosystem. The practice areas discussed in Sections 3.1 through 3.5 share a common goal:
unlocking savings through operational changes and improvements and capital planning. These
interdependent activities move energy efficiency from a project-by-project basis to a
continuous, systematic business practice. Oftentimes the activities in one of these areas flow
naturally into the others, or encompass them fully, and in fact there may not be a strict
distinction between them in practice.

Energy management planning forms the foundation and starting point but does not function in
isolation. It establishes the strategies and targets (e.g. designating an energy manager, setting
performance goals) that direct the other activities for operational excellence. Performance
benchmarking can provide the "dashboard" to track the progress of the EMP, while predictive
and preventative O&M serves as the mechanism for sustaining the performance levels set by
the plan. By viewing these activities as interdependent, building owners can transition from
reactive "fire-fighting" to a proactive model where each activity enhances the value of the
others.

3.6.2 Cyclical Improvement: Benchmarking, Audits, and Commissioning

The most effective operational strategies follow a logical, sequential flow where data leads to
diagnosis, and diagnosis leads to correction. The State and Local Energy Efficiency Action
Network’s Energy Audits and Retrocommissioning Guide outlines this complementary
relationship as a cascading process (SLEEAN 2013).

1. Benchmarking to establish the baseline: The cycle begins with benchmarking, which
provides the initial performance baseline. Benchmarking is the screening tool that
allows owners of large portfolios to identify which properties are underperforming and
prioritize them for deeper analysis. It answers the question, "Which buildings are
inefficient?"

2. Energy audits and commissioning assessments for diagnosis: Once underperforming
assets are identified, energy audits provide the necessary deep dive for energy-saving
retrofit discovery while commissioning assessments can uncover low-cost controls
tuning and operations improvements through basic trending and analysis. While
benchmarking indicates that a building is inefficient, the audits and assessments explain
why, revealing a wide range of opportunities, from simple operational adjustments to
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major capital retrofits, and quantify the financial return for each.

3. RCx: Audits and assessments are critical for identifying retrofit opportunities but they do
not guarantee implementation or achieve energy savings in and of themselves. RCx can
serve as an "action" phase for low-cost/no-cost operational and controls tuning
measures, identified through investigative activities in the RCx process such as a
commissioning provider’s initial assessment. RCx ensures that the building systems are
actually "re-tuned" to operate as designed, transforming the potential savings identified
in assessments into realized financial returns.

3.6.3 Financial Synergies: Blending Paybacks to Fund Deep Retrofits

One of the most powerful economic arguments for an integrated approach is the ability to
leverage the rapid payback of operational improvements to subsidize longer-term capital
investments. Systematic O&M assessments and commissioning often yield savings of 5% to
20% with simple payback periods of under two years, and frequently less than one year (PECI
1999). In contrast, capital-intensive retrofits identified in energy audits often have much longer
ROI horizons O&M measures are significantly more capital-efficient than deeper capital
retrofits, costing approximately 20 times less to achieve the same level of energy savings
(Sullivan et al. 2010). Integrating these low-cost strategies first ensures that capital retrofits are
not oversized. For example, addressing faulty HYAC equipment and schedules to eliminate
"false" loads on the system (i.e. from leaky valves and dampers or, improperly scheduled
operation) can reduce total building load, allowing for smaller, less expensive equipment to be
installed during a capital replacement.

3.6.4 Ensuring Persistence

Finally, the integration of these tools solves the historic problem of "performance drift," where
energy performance degrades over time as equipment ages, sensors drift from their original
calibrations, or settings are overridden. An MBCx paradigm fuses the data tracking of
benchmarking into an ongoing process that provides rigorous testing and reappraisal of
commissioning performance (Mills 2009, Crowe et al. 2020). By using permanent energy
information systems (similar to advanced benchmarking tools) to continuously monitor system
performance, building operators can ensure that the savings achieved through audits and
retrofits persist. This synergistic approach not only maintains savings but continually identifies
new opportunities, effectively closing the loop and returning the process to the "Commitment"
and "Assessment" phases of the EMP cycle.

3.6.5 EMP within the Framework of Strategic Energy Management

In commercial buildings, EMP and Strategic Energy Management (SEM) are sometimes used
interchangeably to describe planning and operational practices that reduce energy
consumption. However, they formally differ in scope and focus. Table 3 below compares key
aspects of the two concepts. Energy Management Planning is the structured, often written, plan
to achieve energy goals, while Strategic Energy Management is the holistic, ongoing, and
cultural process of continuously improving energy performance. In other words, EMP is a
component of SEM. SEM integrates the range of practices associated with operational
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excellence into a systemwide, cultural commitment to continuous cycles of improvement. SEM
programs for commercial buildings generally combine behavioral, operational, and capital
improvements to drive performance (EPA 2013, Sims and Malinowski 2026). They treat energy
management as a business practice, not just a technical project, focusing on training staff and
using data to make decisions. SEM often involves multi-year cohorts, where businesses learn
from experts and peers to drive consistent reductions. An EMP is the document that defines the
strategy, while SEM is the action of implementing that strategy continuously. Both concepts
share the same fundamental goals and core elements:

Continuous Improvement: Ongoing, long-term savings over one-off, short-term fixes.

Data-Driven: Reliance on measuring, tracking, and benchmarking energy usage to
identify inefficiencies.

Goal Setting: Specific, measurable performance goals to track progress.
Action-Oriented: Identifying and executing energy-saving opportunities.

Scope: Assessing facility energy use, equipment condition, and operational procedures.

Table 3. Comparing EMP and SEM

Energy Management Planning (EMP) Strategic Energy Management (SEM)
A structured, written document A holistic, continuous, long-term process of
Definition outlining specific energy goals and managing energy as a core business
actions. function.
Often focused on technical upgrades, Broad: Includes operations, maintenance,
Scope . oo . . . .
compliance, or specific capital projects. behavioral changes, and culture shift.
) Can be episodic (e.g., a 1-year or 5-year Long-term and continuous; aimed at
Duration . . .
plan). persistent, ongoing savings.
L May exist only on paper or within the Embedded into the organization’s corporate
Organization oF . .
facility team. culture and daily operations.

SEM Frameworks

The underlying concept of EMP as described in this report is well-established with different
names and minor variations in multiple SEM frameworks, including the following:

ENERGY STAR’s Guidelines for Energy Management. Provides a structured strategy for
creating an energy management program focused on continuous improvement of energy
performance (EPA 2013). The seven-step continuous improvement framework includes: (1)
making a commitment by appointing an energy director and crafting an EMP policy; (2)
assessing performance through data and baselines; (3) setting clear, measurable goals; (4)
creating an action plan; (5) implementing that plan with staff training and incentives; (6)
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evaluating progress against goals; and (7) recognizing achievements to sustain momentum.

ISO 50001. An international standard that provides a structural framework for establishing a
rigorous energy management system (EnMS) (Therkelsen et al. 2013) to establish the policies
and procedures for systematically tracking, analyzing, and improving energy performance in a
building®. It employs a data-driven "Plan-Do-Check-Act" (PDCA) cycle to systematically
integrate energy efficiency into an organization's standard management practices. The episodic
EMP discussed above corresponds to the planning component of ISO 50001. By continuously
monitoring measured energy data, the standard guides facilities in executing a combination of
capital projects and, more predominantly, low-cost or ho-cost operational improvements. 1ISO
50001 serves as one of the leading frameworks for implementing SEM. By utilizing the
structures provided by standards like ISO 50001, SEM programs unlock savings through
behavioral changes (such as staff training), operational improvements (e.g. adjusting set points
and schedules), and proactive maintenance, rather than relying solely on major capital
investments. ISO 50001 provides a rigorous business process for continually improving energy
performance, reducing costs, and lowering greenhouse gas emissions (Therkelsen et al. 2013).
For organizations seeking a streamlined entry point, the DOE’s 50001 Ready Program offers a
self-paced, no-cost framework to build a culture of structured energy improvement without
requiring external certification.’

CEE’s Strategic Energy Management (SEM) Minimum Elements. Provides a set of threshold
criteria for energy management practices, as summarized below. These identify the minimum

characteristics of an SEM program, as supported by a consensus of demand side management
program administrators (CEE 2014). The SEM Minimum Elements foster persistent, measurable
savings streams born from the combination of operational, behavioral and capital improvement.®

8 International Organization for Standardization (ISO) 50001:2018. Energy management systems — Requirements
with guidance for use. Edition 2, 2018. Switzerland. See also: https://betterbuildingssolutioncenter.energy.gov/iso-
50001/getting-started-iso-50001

7 https:/iwww.energy.qov/eere/ito/50001-ready-program

8 https://ceel.org/program-insights/strategic-energy-management-the-business-of-energy-management/
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CEE SEM Minimum Elements Summarized
1. Customer Commitment Vital for SEM success, requiring executive-level engagement

a. Policy and Goals: Senior management sets and communicates long-range energy objectives.
b. Resources: Management ensures initiatives are properly funded and staffed, assigning
accountability to an energy champion or team and supporting employee engagement.

2. Planning and Implementation Managing energy and translating plans into action

a. Energy Management Assessment: Evaluate current practices with scorecards, facilitated
assessment.

b. Energy Map: Map out energy end uses, costs, and variables (e.g., production, weather).

c. Metrics and Goals: Establish measurable improvement goals, Energy Performance Indicators
(EnPlIs) based on baseline data.

d. Project Register: Maintain a prioritized timeline of multi-year actions (capital projects, O&M
improvements, procurement) with estimated savings and costs.

e. Employee Engagement: Educate, empower, and encourage staff to take energy-saving actions
within and beyond their work areas.

f. Implementation: Execute projects from the register, update standard operating procedures, and
engage staff to ensure persistence.

g. Reassessment: Periodically review performance against expectations and update goals,
metrics, and projects to align with business priorities.

3. System for Measuring and Reporting Energy Performance Regularly tracking and analyzing
data to continuously manage and improve operations

a. Measurement: Regularly collect data (via utility meters or process submetering) capturing key
variables like production and weather.

b. Data Collection and Availability: Store energy data, EnPI progress to ensure long-term
availability.

c. Analysis: Establish a baseline to build a predictive model that estimates consumption based on
key drivers, re-establishing the baseline when conditions shift.

d. Reporting: Regularly communicate energy achievements, EnPlI results to stakeholders.
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4. Conclusion and Recommendations

This study aggregates and documents information from over three decades of research on
operational excellence practices in commercial buildings, covering thousands of buildings and
millions of square feet of real estate. The collective evidence points to a definitive conclusion:
operational excellence is a highly cost-effective mechanism for managing and minimizing
operating expenses and protecting building assets, reducing risk, and meeting performance
targets.

While researchers and leading organizations have been evolving these practices and
investigating their substantial financial benefits for some time, systematic operational
excellence is still not considered "business-as-usual” across the broader commercial building
industry. The prospect of implementing the multiple overlapping and interrelated strategies
explored here can appear daunting for building owners and operators that have not yet adopted
these practices. Historically, opportunities for energy performance improvement have instead
been viewed through the lens of capital upgrades such as new windows, chillers, or lighting
equipment. The information presented in Section 3 challenges the traditional preference for
capital retrofits, with the literature confirming that the "invisible" work of energy management,
preventative O&M, commissioning, and benchmarking, and existing building commissioning
can deliver attractive financial returns with low risk profiles.

Facilities implementing energy management programs have demonstrated the ability to achieve
energy savings of 10% or more over business-as-usual scenarios. Shifting from reactive to
preventive maintenance, deriving value from extending the useful life of expensive equipment
by 20% to 30% and delaying millions of dollars in capital expenditures, can yield a 545% ROI
over 25 years (Koo and Van Hoy, n.d.). EBCx also remains a "golden opportunity" for savings.
Wide-ranging LBNL meta-analyses of commercial building performance found that EBCx
projects offer a median simple payback under two years (Mills 2009, Crowe et al. 2020).

Operational excellence represents a paradigm shift; monetizing action that addresses
operational inefficiency and substandard operations. By embracing this framework, owners can
turn building operational practices into an ROI that outpaces traditional equipment upgrade
investments. This study clarifies how these five practices function not as siloed activities, but as
an integrated ecosystem of interdependent practices. By identifying the unique role of each,
owners can navigate what might otherwise seem like redundant or confusing efforts and
instead establish a systematic business practice of continuous operational improvement.
Ultimately, by clarifying the specific value of each practice and how they fit together, this paper
provides a roadmap for owners to transition from reactive, failure-driven maintenance to a
proactive asset preservation strategy that is repeatable and profitable.

4.1 Recommendations for Building Owners and Managers

Based on the synthesis of data and information from the range of resources reviewed, the
following strategic recommendations are offered to help owners transition to a position of
operational excellence. Each recommendation includes “action” ideas and summary rationale
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for its inclusion here.

Recommendation 1: Adopt a ""Total Cost of Ownership* Mindset

Building owners should not view energy management planning and preventative O&M
programs as administrative or financial burdens. Instead, these proactive practices serve as the
vital "discovery phase" of a broader investment strategy, uncovering hidden inefficiencies and
safeguarding asset longevity. Embracing this total cost of ownership mindset ensures that
equipment functions efficiently and effectively over its entire intended lifespan, rather than
incurring sudden emergency replacement costs.

e Action: Implement a proactive, scheduled preventative maintenance plan that tracks
equipment condition and establishes regular tuning intervals, rather than relying on
reactive, run-to-failure approaches. When scoping energy audits and O&M
assessments, ensure the scope includes a financial analysis of life-cycle savings, not
just immediate energy savings. Simple payback is often used to evaluate actions with
good short-term returns, but energy-saving retrofits and operational practices accrue
financial benefits over multi-year lifespans. Financial analyses that only consider single-
year savings against initial project costs fail to capture the complete economic value of
dollars invested toward energy-saving practices, whereas a discounted life-cycle cost
(LCC) analysis can more accurately account for the time value of money, energy
escalation, and long-term avoided costs (Baechler et al. 2011, ASHRAE 2024).

o Rationale: Shifting to a proactive O&M strategy consistently leads to substantial long-
term savings through reduced emergency repair costs, extended equipment useful life,
and optimized energy efficiency. O&M measures cost 20 times less than capital retrofits
to achieve comparable savings (Sullivan et al. 2010). By implementing the "low-hanging
fruit" identified in plans, owners can generate immediate cash flow (payback < 2 years).

Recommendation 2: Integrate Operational Excellence Practices into a ""Virtuous Cycle"

Avoid treating benchmarking, energy audits, building commissioning, and daily maintenance as
isolated or siloed activities. Best practices demonstrate that these efforts form a highly
interdependent, virtuous cycle where data continuously informs diagnostic action and
correction. A comprehensive energy management plan binds these elements together,
ensuring that efficiency measures are not only implemented but systematically sustained and
improved over time.

e Action: Establish a comprehensive energy management plan that formally dictates the
use of benchmarking to track performance, energy audits to identify capital upgrades,
and retro-commissioning to tune systems, all supported by rigorous daily O&M
protocols. Use benchmarking not just for reporting, but to flag underperforming assets.
Use audits to diagnose the root cause. Use EBCx to execute fixes. Finally, use
preventive maintenance to ensure that fixes persist. Also, see Recommendation 3 for
the importance of developing workforce capacity to ensure that operational excellence
practices persist over time.

e Rationale: Integrating these activities creates a feedback loop where benchmarking

Operational Excellence in Commercial Buildings | 24



detects underperformance, audits and commissioning diagnose and fix the root causes,
and diligent maintenance prevents the building from drifting back into inefficiency.
Benchmarking and audits do not guarantee implementation. Without linking these
activities directly to a commissioning or maintenance work order, the intelligence
gathered is lost, and the cost of benchmarking and audits becomes waste.

Recommendation 3: Invest in Workforce Capacity and ""Energy Champions™

Advanced technology and upgraded equipment alone cannot solve operational inefficiencies if
the personnel operating buildings lack the necessary expertise and are not empowered by
management to pursue these goals. Workforce investments and professional development are
critical to fostering the cultural and operational shifts that sustain continuous improvement and
long-term asset value. Designating a dedicated and qualified energy manager can be a key
enabler in driving successful energy management strategies.

e Action: To drive institutional follow-through for operational excellence, appoint an
energy manager to champion the facility's efficiency goals and oversee plans. Institute a
formal energy policy that establishes a clear chain of command, tracks progress, and
grants personnel the authority to execute improvements (EPA 2013, ASHRAE 2024).
Consistently invest in specialized training and certification programs for the building's
operations and maintenance personnel. Specifically, owners may want to establish the
CEM designation as a standard qualification for their lead energy champions.
Furthermore, creating professional development pathways for O&M staff to achieve
BOC can increase the organization's internal capacity to independently troubleshoot
and optimize building performance, reducing reliance on external contractors.

e Rationale: The first step of effective energy management is "making a commitment" by
investing in and empowering staff (EPA 2013). A well-trained and motivated staff is
essential for executing complex operational procedures, recognizing early signs of
system degradation, and ensuring that capital investments in energy efficiency actually
deliver their expected returns. Designating a specific leader and a cross-functional
energy team fosters staff ownership and accountability, ensuring that efficiency goals
are embedded into the organization's culture and daily operating procedures rather than
being treated as isolated, temporary projects.

Recommendation 4: Implement Existing Building Commissioning and Consider Incorporating
Monitoring-Based Commissioning

Existing building commissioning is arguably the single most cost-effective strategy available for
reducing energy waste and uncovering hidden operational deficiencies in commercial facilities.
While periodic commissioning ensures that building systems are properly tuned to meet current
operational needs, owners should ultimately aim to take the next step by treating this
optimization as an ongoing process. Evolving into MBCx allows permanent data analytics to
prevent the inevitable degradation of savings (performance "drift").

e Action: Conduct periodic existing building commissioning to optimize current equipment,
and progressively integrate permanent energy information systems and diagnostic
software to establish a continuous monitoring-based commissioning program.
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¢ Rationale: EBCx reliably yields substantial whole-building energy savings and rapid
payback periods with minimal capital investment, while the continuous data analysis of
MBCx ensures those efficiencies are permanently sustained and uncovers new low-cost

opportunities over time.
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