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1. Introduction
This document presents a field evaluation protocol for Energy Management and Information Systems
(EMIS). It was developed to provide a standardized approach to assessing the energy and non-energy
benefits of EMIS. The primary target audience for this work comprises the evaluators of federal or statesponsored emerging technology programs, utility emerging technology programs, owners of large
building portfolios, and research and development organizations. Each of these market actors has a
strong desire to better understand the costs and benefits of EMIS as they push for deeper, more
comprehensive approaches to energy efficiency. However, each has faced challenges with: (a) finding
robust data in a form that matches their needs and was gathered in a consistent manner, and
(b) conducting (or engaging third parties to conduct) studies in a clear and consistent manner. With this
protocol, utilities, energy standards developers, building owners, and researchers can benefit from a
more consistent approach to EMIS evaluation, thereby addressing a critical market barrier that has
limited EMIS adoption to date. With better data these audiences can help drive greater market supply,
demand, and incentives for adoption of EMIS solutions.
EMIS are combined hardware and software products that comprise a broad range of analytics
functionality and services to manage commercial building energy use. EMIS tools are used to improve
building operation efficiency by organizing, visualizing, and analyzing operational data. Previous
research includes a complete description of the functionalities of EMIS and details how organizations
can plan and implement for successful EMIS use. 1 In this protocol, EMIS includes energy information
systems (EIS), fault detection and diagnostics (FDD), and automated system optimization (ASO)
functionality. EIS, FDD, and ASO features may be offered through separate software products or may be
combined in a single product. The following descriptions provide an overview of these three types of
EMIS analytics, which are the focus of this protocol.
●

●

●

Energy information systems (EIS): EIS analytics focus on meter-level monitoring, analysis, and
charting (hourly or more frequent consumption data, at the whole building or submeter level).
Advanced EIS analytics incorporate automated opportunity analysis that typically includes
predictive energy models that identify energy use anomalies and measure project savings.
Fault detection and diagnostics (FDD): FDD analytics automates the process of detecting faults
and suboptimal performance of building systems and helps to diagnose potential causes. It
focuses on system-level monitoring, analysis, and charting (using Building Automation System
[BAS] data). Tools with FDD functionality pull data from the BAS, and may provide a report of
the duration and frequency of faults, cost and/or energy impacts, and relative priority levels.
Automated system optimization (ASO): ASO analytics continuously analyzes and modifies BAS
control settings to optimize heating, ventilation and air conditioning (HVAC) system energy use
while maintaining occupant comfort. It reads data from the BAS and automatically sends

1

Lawrence Berkeley National Laboratory. 2015. A Primer on Organizational Use of Energy Management and Information Systems
(EMIS).
http://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/A%20Primer%20on%20Organizational%20Use%20of
%20Energy%20Management%20and%20Information%20Systems%20(EMIS).pdf
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optimal setpoints back to the BAS to adjust the control parameters based on data such as
submetered energy use and energy price signal.
EMIS support the identification and implementation of operational improvements in commercial
buildings, with a recent major study showing median whole building savings of 4 percent for EIS and
9 percent for FDD tools.2 With ongoing use and operational integration, savings can increase over time,
and the use of EMIS supports persistence in savings.2 Despite their potential and a fast-growing range of
options, EMIS remain under-adopted technologies throughout the commercial building stock. The
widespread adoption of EMIS is hindered by the lack of trusted and consistent information on its costs,
energy and non-energy benefits, and best practice guidance for operating EMIS to achieve the maximum
benefits. There is a growing body of EMIS field validation projects;3,4,5 however, EMIS are “human-in-theloop” process tools that present unique validation challenges (e.g., approaches to system-level
measurement and verification [M&V], qualification of non-energy benefits, and linkage between
information analysis and savings).
Currently there is not a standardized state of the art protocol for EMIS assessment. EMIS field tests are
expensive and time consuming; they are conducted in different ways, with different metrics. In addition,
a lack of common elements makes it difficult to synthesize results across studies and makes it difficult
for one stakeholder to make use of the findings from another’s previously conducted test. As a result,
utility incentive program managers, building energy standard developers, building owners, and
researchers often recognize the benefits of EMIS but struggle to find the data necessary to support the
promotion, adoption, and further advancement of these technologies. For example, a building owner
looking to quantify EMIS costs for healthcare applications would likely find very little public data, and
the available data may include many different methods for capturing EMIS cost.
To address these EMIS validation challenges, we’ve worked with industry stakeholders to develop a
standardized common protocol that has minimum recommended elements and optional elements.
Development of the protocols drew upon many past EMIS evaluation projects led by Berkley Lab, a
literature review on a wide range of EMIS assessments (see Appendix A Useful Resource for all the
reviewed EMIS field study publications), and interviews with key stakeholders. Protocol development
was also supported by a technical advisory group with the participation of representatives from the
various target audiences.
The protocol describes evaluation steps, key areas in the evaluation plan, and main evaluation
parameters and methods. Alignment with this evaluation protocol is based on reporting the evaluation

2

Lawrence Berkeley National Laboratory. 2019. Synthesis of Year Three Outcomes in the Smart Energy Analytics Campaign.

3

Fernandes, S., J. Granderson, R. Singla, and S. Touzani. 2018. “Corporate Delivery of a Global Smart Buildings Program.” Energy
Engineering 115(1): 7–25.
4

Abdul-Aziz, H., B. Lasternas, L. Feuster, and V. Loftness. 2017. Building Performance Optimization while Empowering Occupants
toward Environmentally Sustainable Behavior through Continuous Monitoring and Diagnostics. U.S. Department of Defense
Environmental Security Technology Certification Program. EW-201406.
5

Lane, K., and L. Epperson. 2014. Enterprise Plug-and-Play Diagnostics and Optimization for Smart Buildings. California Energy
Commission. CEC-500-2015-084.
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metrics designated as “required” (such as annual energy savings), using the associated evaluation
methods. Additional “optional” metrics (such as demand response load reduction) are also defined, and
these may be applicable to some EMIS functionality or be important to some project sponsors. A project
sponsor may also include any number of custom assessment metrics tailored to their specific needs
(e.g., reduction in central plant average kilowatt [kW]/ton), in addition to the minimum required criteria
defined in this protocol. Required and optional metrics are described in detail in Section 4.
This protocol is intended to set the bar for developing a minimum set of standardized metrics,
supplemented with a broader set of optional metrics, rather than defining a comprehensive set of best
practices for EMIS validation. For example, documenting EMIS cybersecurity compliance capabilities is a
strongly recommended best practice but is not a required metric under this protocol. Assuring
persistence of operational savings is another commonly-cited EMIS benefit that is not within the scope
of this protocol, as it is expected that in most cases it is unfeasible to extend validation for several years
after EMIS installation.
The remaining sections of this document are:
●
●
●

●

Section 2: Overview of EMIS field evaluation, which contains a brief summary of the key steps
in the EMIS evaluation process
Section 3: EMIS field evaluation plan, which provides detailed guidance for the key areas
covered an evaluation plan.
Section 4: Field evaluation parameters and approaches, which describes all the
required/optional performance parameters, along with standardized methods for
developing/calculating the metrics.
Appendices
o Appendix A: Useful Resources
o Appendix B: Site Selection Criteria
o Appendix C: Common Capabilities of EMIS
o Appendix D: Sample Evaluation Report Outline and Standard Metrics Reporting Table
o Appendix E: Common Efficiency Measures
o Appendix F: Glossary

3

2. Overview of EMIS Field Evaluation
The goal of field evaluation of EMIS is to assess the performance of a specific EMIS technology in a real
building. Evaluating an EMIS can take considerable time and effort, so it is important to take a
methodical approach to maximize the value of the eventual results. Table 1 illustrates the key steps in
the EMIS evaluation process, which are designed to ensure that roles are clearly understood, data is
managed effectively, risks are managed, and that final results are not only accurate but also meet the
project sponsor’s ultimate objectives.

4

Table 1. Key steps in the EMIS evaluation process
Step
Description
1: Select the
An information-gathering screening form is developed based on technology
EMIS test site.
requirements and evaluation performance objectives. The form lists the
required and preferred site characteristics, such as building size, type and
accessibility of BAS, HVAC system and configurations, control baseline, and
metering conditions. The key screening considerations include the satisfaction
of the required site and system characteristics, the availability of baseline data,
the changes in occupancy, and if any major energy efficiency project happened
in the baseline period or will happen in the post-installation period.
2: Develop an
The EMIS field evaluation plan defines how the performance of the EMIS will be
evaluation
evaluated and specifies the evaluation activities before and after EMIS
plan.
installation. It presents the technology and site information and also defines
the performance objectives, metrics, analysis approaches, and schedule.
3: Collect
Baseline data and information are collected at the beginning of the evaluation
baseline data
and the defined baseline period. Depending on the selected performance
and
objectives, the baseline data may include the energy use, weather data, utility
information.
tariffs, space conditions, existing operation and maintenance process, and
more.
4: Track the
To evaluate the effort needed for EMIS installation and commissioning,
technology
information is gathered to document the items like the activities during the
installation /
process, the responsibilities of different stakeholders for each activity, the lead
commissioning. time of this stage, process challenges, and best practices.
5: Collect and
For each EMIS performance parameter being evaluated, data will be gathered
analyze postafter the EMIS has been operational for the required amount of time.
installation
Performance data may be a combination of quantitative and qualitative. In the
data and
case of quantitative data, it is recommended to review the data shortly after
information.
EMIS installation to ensure that data will be of sufficient quality.
6: Produce an
An evaluation report is the final deliverable in the field evaluation.
evaluation
report.
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Resources
Appendix B provides an example of an
information-gathering form used to
select multiple test buildings for the
evaluation of an EMIS with ASO
functionality.

The key elements of the evaluation plan
are discussed in Section 3. The
performance parameters, metrics, and
approaches are discussed in Section 4.
Field evaluation baseline data
requirements are covered in Section 4.

The installation/commissioning plan will
be covered in the Evaluation Plan
(Section 3), and the assessment approach
is covered in Section 4.5.1.
Field evaluation post-installation data
requirements are covered in Section 4.

Appendix D provides an example outline
structure for a field evaluation report and
a standard metrics reporting table.

3. EMIS Field Evaluation Plan
Once an EMIS has been chosen for evaluation, and a test site has been selected, the next step in the
EMIS assessment process is to develop an EMIS field evaluation plan. A sample evaluation plan is
provided in many general M&V guidelines, such as the U.S. Department of Energy’s (DOE) Federal
Energy Management Program (FEMP) Measurement and Verification guidelines6 and the Energy
Valuation Organization’s (EVO) IPMVP-Compliant LEED M&V plan7. The project sponsors may also have
an evaluation plan template to work with. Therefore, this section focuses on the discussion of key areas
that should be emphasized in the EMIS field evaluation plan, including:
●
●
●

Description of the technology and field evaluation sites.
Evaluation objectives and approaches.
Evaluation activities.

Each of these areas is described in more detail below.

3.1. Description of the technology and field evaluation sites
This section of evaluation plan documents the technology and field evaluation site descriptions, which
are critical to interpreting the EMIS assessment results and providing context. For example, certain EMIS
may excel when applied to some building/system types, hence documenting those aspects in the Field
Evaluation Plan (and reproducing them when documenting assessment results) helps any reader
understand that context. Table 2 summarizes documentation requirements for EMIS technology being
evaluated, and Table 3 summarizes the documentation requirements for field evaluation sites.

6

U.S. DOE Federal Energy Management Program (FEMP). 2015. M&V Guidelines: Measurement and Verification for PerformanceBased Contracts Version 4.0.
7

Energy Valuation Organization (EVO). 2008. Sample IPMVP-Compliant LEED Measurement and Verification Plan.
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Table 2. Documentation requirements for EMIS technology being evaluated
Item

Documentation Requirements

EMIS functionality

Select: EIS, FDD, or ASO (can indicate multiple if applicable)

EMIS name

Software name

EMIS vendor

Software vendor name

Data points integrated
into EMIS

Describe: BAS data (can specify if limited to certain systems or system
types), meter data (specify whole building and/or submeter data), weather
data, etc.

EMIS technology
capabilities

Describe: For example, energy consumption visualization, M&V, indication
of faults showing equipment operating out of range or outside the
parameters defined by fault rules, key performance indicator tracking,
automated control setpoints optimization, etc. For ASO functionality, the
optimized control setpoints (e.g., supply air temperature setpoint, static
pressure setpoint) should be stated. Please see Appendix C for the common
capabilities of EIS, FDD, and ASO.

IT cybersecurity
(optional)8

Describe: Security certifications, compliance with industry-accepted
standards, etc., if applicable

8

This is not suggesting that IT cybersecurity considerations should be optional when installing EMIS, only that documenting them is
not a requirement under this evaluation protocol.
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Table 3. Documentation requirements for EMIS field evaluation sites
Item

Documentation Requirements

Building type

e.g., office, hospital, K-12 school, etc. (Follow the Commercial
[CBECS]9 classification where possible.)

Building area

Floor space, in square feet

Building location

Climate zone, city, and state

Occupancy schedule

e.g., Monday–Friday, 8:00am–5:00pm

HVAC system configuration

If the FDD or ASO is being evaluated, describe the configuration and
major components of the HVAC system/subsystem the FDD or ASO
covers.

Building automation system

Describe the system’s model and make. If the ASO is evaluated, the
existing control sequence of the optimized control setpoints should be
described, e.g., “The chilled water setpoint is reset between 42⁰F and
48⁰F based on the maximum chilled water valve position from each
air handling unit.”

Will the building have any
Yes, No, or unknown
major energy improvement
project or occupancy changes
in the next one to two years?
Has the building had any
Yes, No, or unknown
major energy improvement
project or occupancy changes
in the past one year?
Has the building been
Yes, No, or unknown
retrocommissioned within
the past five years? (optional)
What is the energy use
intensity (EUI)? (optional)

Energy use intensity (kBtu/ft2/yr)

9

Commercial Building Energy Consumption Survey (CBECS). Building Type Definitions.
https://www.eia.gov/consumption/commercial/building-type-definitions.php
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3.2. Evaluation objectives and approaches
The EMIS field evaluation plan should document the objectives of the evaluation and make reference to
the key stakeholders targeted by the EMIS implementation (those people driving the objectives and/or
expected to be affected by the EMIS). Example objectives may include:
●
●
●
●

Energy savings, perhaps in line with organizational sustainability targets or strategic plan.
Load reduction during peak periods, when electricity costs are highest.
Improvements to occupant comfort satisfaction (e.g., reducing hot/cold calls from occupants).
Improvements in operations and maintenance (O&M) practices.

Defining evaluation objectives helps when selecting the key metrics that will be included in the
evaluation design. Analysis approaches for the selected metrics also need to be presented in the
evaluation plan. The following required or optional metrics and their analysis approaches are discussed
in detail in Section 4.
●
●
●
●
●
●
●
●
●
●
●
●
●

Annual energy savings (Required).
Annual energy cost savings (Required).
Monthly peak demand reduction.
Demand response load reduction.
Occupant comfort satisfaction.
Operations and maintenance.
EMIS cost (Required).
Simple payback (Required).
Net present value (NPV).
Savings-to-investment ratio (SIR).
Efforts of the installation and commissioning process.
Capability to enable energy efficiency (Required).
Accuracy of issues/opportunities identified by the FDD.

3.3. Evaluation activities
A comprehensive EMIS field evaluation requires careful planning and an extended period of data
collection after installation, meaning the whole process can take two to three years. In contrast to the
evaluation of traditional “widget” technologies, EMIS evaluation may include both quantitative
objectives (e.g., energy savings, cost-effectiveness) and qualitative objectives (e.g., ease of installation,
occupant comfort satisfaction). Multiple types of data and information may be required for
measurement and verification, such as the system operational data to verify controls optimization, hot
and cold trouble calls to track comfort satisfaction, and feedback from the building operator to
understand the improvement of O&M practices. Therefore, to ensure success, the evaluation plan
should state the M&V activities carefully in the pre-installation, technology installation and
commissioning, and post-installation period. This information enables key stakeholders to review and
provide input on the planned activities upfront. Potential M&V activities are described briefly in Table 4.

9

Table 4. M&V activities in the EMIS field evaluation
Evaluation stages

M&V activities

Pre-installation

●
●
●

●
Technology
installation and
commissioning

●

Post-installation

●
●

●

●
●
●
●

Collect the building and technology information as described in tables 2
and 3.
Install sub-meters to isolate the energy consumption at the system or
equipment level if needed
Work with the site operator and technology vendor to establish the
mechanism to collect data and information, i.e., download/transmission of
meter data and/or BAS data, hot/cold trouble call records, and interval labor
hours to support the technology installation and use.
Collect the baseline data and information, and confirm the data quality.
Conduct an interview at the end of the installation and commissioning
process to understand the efforts, challenges, and best practices.
Collect technology costs and internal labor costs spent at this stage.
Collect the post-installation data and information.
Review the data shortly after the reporting period starts to ensure that data
will be of sufficient quality.
Check data regularly to ensure continued data collection and quality.
Hold regular check-in calls with site operators to gather feedback on
technology use.
Perform analysis and conduct additional tests, if needed.
Conduct an interview at the end of the evaluation to obtain overall feedback
on the technology.

10

4. Field Evaluation Parameters and
Approaches
At the core of the EMIS validation protocol is a set of evaluation parameters that will allow for a
consistent comparison between EMIS tools (see Table 5), along with associated methods for
determining those parameters. The assessment approaches taken may be based on quantitative data,
surveys, or a combination of both. These evaluation parameters were chosen based on literature review
and stakeholder interviews to determine the highest value core metrics along with those that may apply
in some, but not all, circumstances. At a minimum, energy savings, energy cost savings, EMIS cost,
simple payback, and capability to enable energy efficiency are required for a basic EMIS assessment.
Additional optional parameters fall under four categories below. Among the optional parameters,
occupant comfort satisfaction is highly recommended for the evaluation of ASO as it should not
adversely affect the comfort condition when optimizing the existing controls, and accuracy of
issues/opportunities identified by the FDD is only applicable when evaluating FDD.
●

●

●

●

Energy and utility cost: In addition to annual energy savings and cost savings, stakeholders
may want to assess peak demand reductions, particularly in regions where utilities apply
high demand charges. Where utilities offer demand response (DR) programs, stakeholders
may also want to assess the ability of EMIS to drive temporary load reductions during DR
time periods.
Non-energy benefits: Non-energy benefits can provide significant value to building owners.
An occupant comfort metric allows for quantification of improvements in indoor
environmental quality, and an O&M metric can verify EMIS impact on internal operational
practices.
Cost-effectiveness: While simple payback is relatively easy to calculate and understand,
some organizations employ more sophisticated methods to calculate long term return on
investment. Net present value (NPV) and savings-to-investment ratio (SIR) are two common
examples included as optional metrics under this protocol.
Operational capabilities: Capturing the overall impact of an EMIS is critical to most
stakeholders, but for many it is also important to validate specific performance claims. It is
essential to understand how effective an EMIS is at enabling energy efficient operational
practices, and how the tools contribute to the energy savings. It also is necessary to provide
instructions for integrating the tools into the energy management process with a “standard
operating procedure.” The protocol offers another two optional metrics, to address how
easy an EMIS is to install and commission, and how accurately an EMIS can identify
operational faults and make appropriate recommendations.

As noted earlier, this EMIS validation protocol is not intended to address every possible evaluation
parameter that could be applied to any situation. The key objective is to define a clear set of core
parameters that will align with most stakeholders’ objectives.

11

Table 5. EMIS field evaluation parameters summary
Evaluation Parameter

Required or
Optional

Approach

Annual energy savings (kBtu per ft2, percent
reduction)

Required

Data analysis

Annual energy cost savings ($)

Required

Data analysis

Monthly peak demand reduction (kW)

Optional

Data analysis

Demand response load reduction (kW)

Optional

Data analysis

Occupant comfort satisfaction

Optional

Data analysis and/or survey

Operations and maintenance

Optional

Data analysis and/or survey

Required

Survey

Simple payback (years)

Required

Data analysis

Net present value ($)

Optional

Data analysis

Savings-to-investment ratio

Optional

Data analysis

Effort of the installation and commissioning process

Optional

Survey

Capability to enable energy efficiency

Required

Survey

Accuracy of issues/opportunities identified by the FDD

Optional

Data analysis

Energy and utility cost (Section 4.1)

Non-energy benefits (Section 4.2)

EMIS cost (Section 4.3)
EMIS cost ($, $ per ft2)
Cost-effectiveness (Section 4.4)

Operational capabilities (section 4.5)
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4.1. Energy and utility cost metrics
4.1.1. Annual energy savings (Required)
Defining EMIS energy savings is one of the most challenging aspects of EMIS validation, and it faces
three major challenges:
●
●
●

EMIS is not a widget technology. The use of EMIS leads to multiple energy efficiency measures.
The energy savings should capture the impacts of all the measures.
The building energy consumption is affected by various factors. The savings estimation needs
consider the changes in these variables, such as weather conditions and building occupancy.
From a practical standpoint, an EMIS validation project may have time and/or budget
constraints that affect the level of M&V rigor that can be applied to an EMIS validation project.

Given these challenges and constraints, there is some allowable flexibility in how to determine annual
energy savings for an EMIS validation project.
EMIS annual energy savings constitute the energy savings arising from the use of the EMIS. This will
typically result from operational and maintenance improvements and/or behavior changes. These
improvements are required to be documented in the evaluation (Section 4.5.2). Annual energy savings10
are required, and are expressed in three ways:
●
●
●

Annual energy savings: kBtu (Also report kilowatt-hours [kWh], therm, steam, hot/chilled water,
etc. savings separately if multiple energy sources are affected by the EMIS installation.)
Percent reduction of annual energy consumption
Annual energy savings per conditioned square foot (kBtu/sqft)

Below are different periods of an EMIS field validation study. Under this protocol, annual energy savings
are calculated using the energy data from the baseline and reporting periods:
●
●
●

Baseline period: A stable11 state of building operation period that existed prior to EMIS
installation
EMIS installation and commissioning period
Reporting Period: A data collection period for determining annual energy savings, which
typically includes:
○ Identification of initial set of operational deficiencies.12
○ Root cause analysis for some or all of the identified deficiencies.
○ Development of a list of recommended improvement measures.
○ Assessment of cost and technical feasibility of recommended measures (which may not
be necessary for simple measures being resolved in-house).

10

Energy savings calculations are based on gross energy consumption; any onsite generation should be ignored, e.g., if expressing
percent energy savings, it should be based on gross consumption, not the net consumption after onsite generation is taken into
account.
11
“Stable” implies a period with no major changes in the building, such as major retrofits, changes in occupancy or schedule.
Energy consumption stability may be assessed using baseline model fitness metrics.
12
Resolution of identified measures may not apply to ASO tools, which are intended to continuously optimize system settings.
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○
○

Installation of some or all of the improvements.
Continuous operation with the improvements.

The International Performance Measurement and Verification Protocol (IPMVP)13 defines four generic
M&V approaches for determining energy savings: Option A - Retrofit Isolation with Key Parameter
Measurement, Option B - Retrofit Isolation with All Parameter Measurement, Option C - Whole Building
Utility Data Analysis, and Option D - Calibrated Computer Simulation. Under this protocol, the
recommended savings estimation method for determining annual energy savings is to follow Option C or
Option B, which determines savings impacts based on actual metered data. The savings analysis based
on the metered data provides an accurate means of verifying the impact of the multiple energy
efficiency measures enabled by the EMIS. IPMVP Option A (engineering calculations) is usually used for
estimating savings of an individual efficiency measure, and therefore is only acceptable as a backup if
Option B or C are not possible (e.g., due to insurmountable issues with obtaining meter data or project
delays resulting in lack of time to gather reporting period meter data).
In addition to the IPMVP, several other guidelines (ASHRAE Guideline 14,14 BPA Verification by Energy
Modeling Protocol,15 BPA Regression for M&V reference guide16) provide additional detailed guidance
on the application of meter-based Option B and Option C approaches; for example, regression energy
model types, development of the energy model, and software tools to assist with energy modeling.
Critical success factors include the following:
●

●

Measurement boundary identification. The measurement boundary to encompass the building
or system within which the savings will be verified should be defined first. The boundary can be
a whole building (Option C), which captures all interactive effects of the efficiency
improvements across a whole building. The boundary can also be a subsystem (Option B) that
captures savings at an equipment/subsystem level that may not be discernable at the whole
building meter. Option B is preferred when the implemented efficiency improvements are all
related to a single building subsystem (e.g., HVAC system, chilled water system, chiller plant)
and the system-level submeter historical data are available.
Baseline period and reporting period considerations. The baseline/reporting period should be a
time period representing the building operation that existed prior to/post EMIS installation.
Since many of the energy efficiency measures enabled by EMIS are weather sensitive, baseline
and reporting period data should both cover the full range of the building’s typical operating
conditions. When only monthly energy data are available, the baseline period should include at
least 12 months of energy bill data. When daily or less interval energy data are available, a
shorter time period may be used if it is demonstrated to cover peak cooling season, peak

13

Efficiency Valuation Organization. 2012. International Performance Measurement and Verification Protocol: Concepts and Options
for Determining Energy and Water Savings Volume I. EVO-10000-1.
14
ASHRAE Guideline 14-2014: Measurement of Energy, Demand and Water Savings. 2014. American Society of Heating,
Refrigerating, and Air Conditioning Engineers.
15
Bonneville Power Administration. 2012. Verification by Energy Modeling Protocol.
16
Bonneville Power Administration. 2012. Regression for M&V Reference Guide.
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●

●

●

heating season, and a season in between (e.g., summer, winter, and either spring or fall)17.
When evaluating an ASO tool, if there are not enough baseline data available, an alternate
on/off ASO strategy (e.g., one week ASO on, one week ASO off; one day ASO on, one day ASO
off) can be used to cover all the operating conditions in the shorter time period. All ASO-off
periods are used as the baseline, and all ASO-on periods are used as the reporting period.
Before creating the regression energy model, the collected energy data in the baseline period
need to be examined to remove the true abnormal outliers. Anomalies in these data can
significantly affect the energy savings outcome. If the reporting period is less than a year, the
savings in the reporting period need to be extrapolated to annual savings, and the extrapolation
approach must be documented.
Regression energy model selection. Linear, change-point linear, and polynomial regression
models are often used to create a baseline model for IPMVP Option C applications. The primary
independent variables used for the model include weather conditions (usually outside air
temperature), building operation schedule, and building occupancy. For the regression energy
model of a chiller plant or chilled water system, the cooling load is the key independent variable.
If there is no Btu meter installed for measuring the cooling load, the cooling load can be
estimated using outside air temperature, outside air relative humidity (or outside air wet-bulb
temperature), and day of the week. The day of the week is often best included as a categorical
value (i.e., Sunday, Monday, Tuesday, etc.) and not as a numerical value.
Baseline model fit. The quality of a specific baseline model can be assessed through application
of model fitness criteria. Three statistical goodness of fit metrics are recommended to assess the
accuracy of the baseline models: (1) the coefficient of determination (R2), (2) the normalized
mean bias error (NMBE), and (3) the coefficient of variation of the root mean squared error
(CV(RMSE)).
Meter data resolution. As a general rule of thumb, IPMVP Option C using monthly data requires
expected savings > 10 percent whole building energy savings, and > 5 percent if using hourly
data.

The M&V approaches defined in this protocol assume that the changes in metered energy consumption
fully capture the impacts of improvements arising from the use of the EMIS.

4.1.2. Annual energy cost savings (Required)
Annual energy cost savings can be affected by many factors, including time-of-use utility cost schedules,
monthly peak demand costs, presence of on-site generation, and the balance of consumption between
electric, natural gas, and other resources. A full accounting of all these factors is not necessary under
these protocols, though the project sponsor may want to develop cost metrics that go into more detail
than this protocol’s requirements.

17

Using a full year of baseline data is an industry best practice for M&V. When using less than a year it is possible to assess the
“coverage factor” (per ASHRAE Guideline 14) as a way to determine if your data is spanning a reasonable range of operating
conditions.
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Annual energy cost savings should be expressed in U.S. dollars and include the applicable year (by
default this will be the year of the reporting period end date). Annual energy savings should be
multiplied by the average cost per unit energy for each energy source included in the annual energy
savings calculation. The average cost can be based on:
●
●

Total site energy billing18 for the baseline period divided by the total consumption during the
baseline period (e.g., kWh, therm).
Average unit cost of energy based on data sources such as the U.S. Energy Information
Administration.

The approach taken to determine average cost per unit energy shall be documented (including
specifying whether national or regional average costs are used, in the case of citing published
resources).

4.1.3. Monthly peak demand reduction (Optional)
There are two types of monthly peak demand: monthly non-coincident peak demand and monthly
coincident peak demand. Monthly non-coincident peak demand is the highest kW demand peak in any
15-minute interval in the billing month that is used for the calculation of demand charge in utility bills.
Monthly coincident peak demand is the maximum demand during utility’s defined peak period (e.g., the
utility’s peak time-of-use period for a given billing period). For building owners, monthly non-coincident
peak demand results in high utility bill charges. For utilities, monthly coincident peak demand leads to
high costs of the power system’s equipment. When evaluate the EMIS’s impact on the monthly peak
demand, it should clear state which monthly peak demand it means. The methods to evaluate EMIS
impact on the monthly non-coincident peak demand and monthly coincident peak demand are
presented below.
Monthly non-coincident peak demand reduction
ASHRAE Guideline 14 (2014)19 describes the method to calculate monthly non-coincident peak demand
reduction. It is expressed as the difference between the predicted non-coincident peak demand (kW)
and the actual non-coincident peak demand (kW) during the EMIS evaluation reporting period, as shown
in Equation 1. The predicted non-coincident peak demand is calculated using a baseline model which is
developed based on the monthly non-coincident peak demand during the baseline time period.
∆"#$%$&'%($'()*$+ -*./ = "#1.2*3($* − "#5*-%5+($6 (1)
Where, "#1.2*3($* = the predicted non-coincident peak demand of the building in the reporting period
"#5*-%5+($6 = the actual non-coincident peak demand of the building in the reporting period
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Total billing may include energy consumption costs and monthly peak demand charges. For the purpose of establishing an
average cost per unit, the total costs may be used without disaggregating the different billing elements.
19
ASHRAE Guideline 14-2014: Measurement of Energy, Demand and Water Savings. 2014. American Society of Heating,
Refrigerating, and Air Conditioning Engineers.
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Monthly coincident peak demand reduction
Bonneville Power Administration’s (BPA) Estimating Peak Demand Impacts Application Guide20 provides
guidance on the determination of monthly coincident peak demand reduction, including the methods
and examples. The guide defines the monthly coincident peak demand reduction as the average
demand reduction during peak periods, as shown in Equation 2 (Note: This is different than quantifying
the demand response capability of an EMIS, which is covered in Section 4.1.4). It is expressed as the
difference between the predicted coincident peak demand (kW) and the actual coincident peak demand
(kW) during the EMIS evaluation reporting period. The aggregation of intervals should include the
entirety of the peak demand period. Similar to the energy savings analysis, the predicted peak demand
is calculated using a baseline model which is developed based on the peak demand during the baseline
time period. This baseline peak demand model is different from the baseline model used in energy
savings analysis. It needs to be proven accurate to predict the demand during the defined peak period.
∆"#'%($'()*$+ -*./ =

A
A
∑B
AHI(/;<=>?@AB? &/;C?DECFABG )

$

(2)

(
Where, "#1.2*3($*
= the predicted demand of the building at interval i in the reporting period
(
"#5*-%5+($6 = the actual demand of the building at interval i in the reporting period
K = the number of data intervals in the peak demand period definition.

Utilities use a wide range of definitions for peak period. The methods used by utilities to quantify peak
demand impacts are also different, e.g., some only count for the single highest hour during the defined
peak period, and others calculate the average reduction across all hours in the peak period. Therefore,
when reporting the results of an EMIS evaluation, the definition of peak period should be clearly
documented, whether it is annual or seasonal, or a specific period of time, such as a summer weekday
afternoon or winter peak billing hours.

4.1.4. Demand response load reduction (Optional)
The term demand response (DR) refers to changes in electric usage by end-use customers from their
normal consumption patterns in response to changes in the price of electricity over time, or to incentive
payments designed to induce lower electricity use at times of high wholesale market prices or when
system reliability is jeopardized.21 . In the traditional definition, DR refers to shedding loads when the
customer receives a price or dispatch signal from their utilities or the grid during a specific time period
on a specific day. Measurement and verification for DR is to quantify the value of a demand response
load reduction throughout the duration of a DR event.
The load data of actual use during a DR event can be measured directly. The quantification of DR load
baseline has two steps: baseline load determination and baseline load adjustment. Different utilities’ DR
programs have different definitions of the load data of baseline and the required adjustment. “N-day

20
21

Bonneville Power Administration (BPA). 2019. Estimating Peak Demand Impacts Application Guide.
Federal Energy Regulatory Commission. 2006. FERC Annual Report 2006.
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average baseline” is a typical baseline load calculation method, which averages the hourly power
demand of the N selected baseline days. For example, Southern California Edison uses a 10-day average
baseline and a “day-of” adjustment.22 When determining the DR load reduction, the evaluation should
clearly document the baseline load formulation used, the adjustment made, , the selected baseline load,
and the load during the DR event. Federal Energy Regulatory Commission’s report provides guidance on
methods for M&V of demand response (DR).23 The EMIS M&V report from the San Diego Gas & Electric
emerging technologies program24 describes an example of how the demand response potential of an
EMIS is evaluated in a field study.

4.2. Non-energy impacts metrics
4.2.1 Occupant comfort satisfaction (Optional)
Thermal comfort impact is especially important for the evaluation of ASO, as it should not adversely
affect the comfort condition when optimizing the existing controls. The impact of comfort can be
determined with the following three metrics.
4.2.1.1 Changes in space conditions (space temperature and humidity) relative to the ASHRAE thermal
comfort zone before and after the EMIS deployment
The approach for this metric is to conduct the data analysis using a simplified model of the ASHRAE
thermal comfort zone25 (Figure 1) to determine if the space conditions in the selected zones change
significantly after the implementation of an EMIS. In this model, regions of comfort for winter and
summer are defined by boundaries on a plot of relative humidity versus air temperature, as measured in
the interior space. To analyze the impact of the technology on comfort conditions, the fraction of points
outside of the comfort zone after the EMIS implementation is compared to that before the EMIS
implementation. The space air temperature is acquired from the BAS trend logs for the variable air
volume (VAV) terminal units. If measurements of relative humidity are not available at the zone level,
the relative humidity of the space air is estimated in a two-step calculation based on the space’s air
temperature, the return air temperature and the relative humidity of the air handling unit/roof top unit
(AHU/RTU) which serves the space. The detailed description of this two-step calculation can be found in
LBNL (2017).26

22

Southern California Edison. 2018.10-Day Average Baseline and “Day-Of” Adjustment.
Goldberg et.al. 2013. Measurement and Verification for Demand Response. https://www.ferc.gov/industries/electric/indusact/demand-response/dr-potential/napdr-mv.pdf
23

24
25

San Diego Gas & Electric. 2015. Model-based Predictive HVAC Control Enhancement Software. (M&V report )

ANSI/ASHRAE Standard 55-2013. 2013. Thermal Environmental Conditions for Human Occupancy. American Society of Heating
Refrigeration and Air Conditioning Engineers. ISSN 1041-2336.
26

Granderson, Jessica et al. 2017. Building IQ Technology Field Validation. Lawrence Berkeley National Laboratory.
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Figure 1. A simplified representation of the ASHRAE thermal comfort model, with comfort as a
function of relative humidity and air temperature
4.2.1.2 Changes in hot/cold trouble calls before and after the EMIS deployment
The evaluation team can work with the site building operations staff to track hot/cold trouble calls
reported from maintenance software or other resources. The number of trouble calls from the time
periods when the EMIS is not installed is compared to those from the same time periods in the year
after the EMIS is deployed.
4.2.1.3 Changes in subjective comfort survey results before and after the EMIS deployment
The impact of occupant comfort can also be evaluated with a subjective survey indicating the occupants’
satisfaction with comfort. Using a point scale, the occupants can indicate if they are dissatisfied, neutral,
or satisfied with the overall temperature, airflow movement, and air quality. The changes in the percent
satisfied, neutral, and dissatisfied capture the comfort level changed as a result of the EMIS technology.
To provide meaningful statistics results, the survey requires answers from a large number of the
occupants. The selection of the surveyed occupants needs to consider factors such as occupant
background, gender, and workspace location, to ensure their feedback is representative. Loftness et al.
(2016)27 provides an example of the survey questionnaire. Compared with the other two metrics listed
in Sections 4.2.1.1 and 4.2.1.2, this metric requires more involvement with the occupants and more
resources from the evaluation team. Given that this performance parameter involves subjective
judgment, it can be expected that results will be open to interpretation, partly dependent on
external/contextual conditions, and may present challenges when generalizing across many
assessments; this should be borne in mind by those reviewing EMIS evaluation results.
4.2.1.4 Whether there is a violation of specialized space requirements after the ASO deployment

27

Loftness, et al. 2016. Building Performance Optimization While Empowering Occupants Toward Environmentally Sustainable
Behavior Through Continuous Monitoring and Diagnostics. ESTCP project EW-201406.
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In addition to thermal comfort (i.e., hot/cold), the changes in control setpoints with the deployment of
ASO may influence other areas of the space conditions. For example, the reduction of AHU static
pressure setpoint decreases the outside air intake, which risks not meeting the ventilation requirement
defined in ASHRAE Standard 62.128 (e.g., the minimum zone outside air flow rate for office space is
0.15 cubic feet per minute per square foot [cfm/ft2]). It also decreases the space pressure, which has the
potential to not meet the pressure control requirements in clean supply rooms of hospitals. The
measurement from the existing sensors or temporary data loggers can be used to compare with the
requirements to see if there is a violation.

4.2.2 Operations and maintenance (Optional)
Operations and maintenance (O&M) are the decisions and actions regarding the control and upkeep of
property and equipment. The use of EMIS may improve O&M efficiency. Reporting and data export
functionality can improve facility management and human resource efficiency. FDD analytics can
identify issues before they grow into occupant complaints or equipment failure. For example, operators
generally do not have time to perform preventative maintenance on all terminal units due to the large
number; operations are typically assessed when there are comfort complaints. Using FDD analytics,
building operators can evaluate terminal unit performance proactively at a broad scale in a fraction of
the time it would take to check all the boxes. EMIS also can be used to inform retrofit strategies at the
facilities, such as identifying retrofit options, sizing equipment, and verifying savings. Therefore,
documenting the benefits of O&M in the evaluation can help provide a full picture of EMIS benefits and
also assist in garnering facility staff support for future EMIS use.
The evaluation of O&M benefits is conducted through the interview of building operators and other
related EMIS users. Items to be documented include:
●
●
●
●

Whether the EMIS impacts the O&M process in a positive way, a negative way, or is neutral.
The O&M tasks for which the EMIS has been used.
The process of completing the O&M tasks without and with the EMIS.
When possible, an estimate of O&M labor hours saved through the use of the EMIS.

As with an occupant comfort survey, quantifying this performance parameter involves subjective
judgment, and reviewers of evaluation results should exercise caution when interpreting and
generalizing based on results.

4.3. EMIS cost metric
4.3.1. EMIS cost (Required)
Consistently documenting EMIS costs is essential for establishing cost-effectiveness metrics. Given the
wide range of implementation methods (e.g., the extent of installation performed internally versus one
performed by a third party) and varying building baseline conditions (e.g., availability of metering
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ASHRAE standard 62.1-2019. 2019. Ventilation for Acceptance Indoor Air Quality. American Society of Heating, Refrigerating,
and Air Conditioning Engineers.
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hardware), EMIS costs can vary considerably. Further, getting an EMIS fully operational can take time;
for example, once a software interface is active, it may take many months to assure that data are
accurate, analytics are fully configured, and dashboards meet user requirements. Accordingly, the cost
metric in this section defines a standardized approach to defining costs for comparative purposes.
EMIS cost can be expressed in three ways:
●
●
●

U.S. dollars (Required)
U.S. dollars per square foot (total conditioned square footage of the building[s] being
monitored) (Required)
U.S. dollars per point monitored (total number of points uploaded to the EMIS, irrespective of
whether all points are actively used in analytics) (Optional). Defining the cost per point
monitored is less common, but may be of interest if the EMIS software is priced on a
per-point basis.

EMIS technology is most commonly delivered as a software-as-a-service (SaaS) offering. Table 6 shows
the breakdown and details of the items covered in EMIS costs. As shown in Table 6, the EMIS costs can
be broken into two parts: (item A) EMIS implementation costs and (item B) ongoing annual EMIS
operating costs. EMIS implementation costs are the one-time costs for implementing EMIS at the field
validation site. Ongoing annual EMIS operating costs are the recurring costs for using EMIS. This cost
information can be obtained through a survey of building operators and review of applicable invoices.
EMIS implementation costs
As shown in Table 6, EMIS implementation costs include the base costs for EMIS technology (item A) and
the in-house labor costs for EMIS implementation (item B). The base costs for EMIS technology (Item A)
cover hardware costs (item A.1) for hardware installation and upgrade (if applicable), as well as the
software costs (item A.2) for software installation and configuration. In-house staff time is necessary to
support EMIS installation and commissioning; therefore, in-house labor costs should be considered as
part of the EMIS implementation costs.
Ongoing annual EMIS operating costs
Also shown in Table 6, ongoing annual EMIS operating costs consist of ongoing annual costs for EMIS
technology (item C) and ongoing annual in-house labor costs for EMIS use (item D). Ongoing annual
costs for EMIS technology (item C) are further broken into annual EMIS software costs (item C.1) that
are charged for EMIS licensing, and annual third-party consulting costs (item C.2) for support in
analyzing and implementing EMIS findings (as applicable). In-house labor costs for EMIS use is
considered to be part of the ongoing annual EMIS operating costs, as in-house staff time may need to be
spent on using EMIS to identify and follow up on operational issues.
Table 6. Key elements of EMIS costs
Cost Items

Description
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EMIS Implementation Costs
Ongoing Annual EMIS
Operating Costs

A.1: Hardware
costs

Costs for hardware installation and upgrade (i.e. ,
adding meters and sensors during the project for EMIS
monitoring purposes, installing gateways for
communication, getting data servers for data storage,
etc.).

A.2: Software
costs

Costs for the EMIS software installation and
configuration to bring in all the data points, alteration
of the existing BAS to expose legacy data points, and
training to site staff, etc., including EMIS vendor and
service provider costs.

B: In-house labor costs for EMIS
installation and commissioning

Approximate total labor costs spent by in-house staff
to support installation and configuration of the EMIS.

A: Base costs for
EMIS technology

C.1: Annual EMIS
software costs

C: Ongoing
annual costs for C.2: Annual thirdEMIS technology
party consultant
costs
D: Ongoing annual in-house labor
costs for EMIS use

The recurring annual cost for a software license or
software-as-a-service fees.
The average annual cost paid to a third-party
consultant for support in analyzing and implementing
EMIS findings.
Approximate labor costs spent by in-house staff
reviewing EMIS reports, identifying opportunities for
improvement, and implementing measures (may be
based on average hours spent per month).

Considerations when gathering the cost data summarized in Table 6 include the following:
●
●

●
●

Reported costs shall be gross, i.e., disregard whether a portion of costs is paid through utility
incentives, grants, or other means.
In situations where the EMIS is provided free of charge or on a reduced cost “trial” basis, the
EMIS vendor should provide the full market pricing to establish costs under this validation
protocol (in such cases, note that the pricing is theoretical, not actual).
EMIS hardware costs should not include upgrades to building controls or existing building
commissioning, even if they are performed concurrently with EMIS installation.
The internal labor cost may be embedded in the existing staff workload (and thus may not
require additional funding). A survey can be conducted to ask for the estimated internal labor
hours. The labor cost estimate is determined using the reported hours and a fixed labor rate.
Estimating the internal labor cost is helpful, since some building owners’ EMIS
installation/operation is heavily supported by third-party service providers, whereas others rely
more heavily on internal staff. Estimating EMIS internal labor costs mean that full EMIS cost
impacts are not underreported in the latter case.
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4.4. Cost-effectiveness metrics
Determining the cost-effectiveness of EMIS implementation is not straightforward since EMIS is an
enabling tool—installation of the software does not directly create savings. Rather, savings are achieved
by acting upon the information that the technology provides (i.e., the improvement opportunities that
are identified). The only functionality of EMIS that achieves direct savings is ASO, since the optimization
is performed directly by the ASO functionality. The technology cost-effectiveness is measured by various
financial metrics. The next section discusses two types of financial metrics: (1) a simple payback period
metric and (2) life-cycle financial metrics, such as net present value (NPV) and savings to investment
ratio (SIR).

4.4.1. Simple payback period (Required)
Simple payback period (SPP) is the most widely used financial metric for energy efficiency projects. It is
the number of years required to recover the initial investment through project savings. It is established
using Equation 3:
LMNOPQ ORSTRU" OQVMWX =

YZ[\ []-3*]*$+.+(%$ ^%2+2_Y^Z ^%2+2
`$$a.3 Y$*56b ^%2+ \.c($62&`$$a.3 YZ[\ d-*5.+($6 ^%2+2

(3)

Where ECM Costs are the costs incurred for implementing the energy conservation measures (ECMs)
found by the EMIS (e.g., adjusting system schedules, fixing leaking valves, etc.).29 EMIS implementation
costs and annual EMIS operating costs are explained in Section 4.3.
As shown in Equation 2, SPP captures not only EMIS implementation costs, but also the costs for
implementing ECMs discovered through the use of the EMIS. The time period over which those ECM
costs are incurred may vary, but the principle is that ECM cost calculations should correspond with the
ECMs for which annual energy savings have been calculated under this protocol. For example, if an ECM
is implemented at the end of the savings measurement period, its savings impact will not be captured,
hence its cost need not be captured.
The denominator in Equation 2 may be considered the net annual cost savings, based on subtracting
annual EMIS operating costs (EMIS software subscription, third party support, internal labor) from the
annual energy cost savings (described in Section 4.1.2).

4.4.2. Net present value and savings-to-investment ratio (Optional)
Net present value is the total net cash flow that a project generates over its lifetime, including first costs,
with discounting applied to cash flows that occur in the future. It indicates what a project’s lifetime cash
flow is worth today. The formula of NPV can be found in the ENERGY STAR Building Manual.30 Savingsto-investment ratios are numerical ratios whose sizes indicate the economic performance of an

29

This cost category is not applicable for ASO, as it directly makes the efficiency changes in its system. Costs for internal staff to
implement ECMs does not need to be accounted for.
30

U.S. Department of Energy. ENERGY STAR Building Manual.
https://www.energystar.gov/sites/default/files/buildings/tools/EPA_BUM_CH3_InvestAnalysis.pdf

23

investment. The SIR is found by savings divided by investment costs. A practical SIR formula for building
related projects is recommended by the National Institute of Standards and Technology (NIST).31

4.5. Operational capability metrics
To fully assess the EMIS technology scale-up and broad-scale applicability, the effort of technology
installation and commissioning, capability to enable energy efficiency, and accuracy of
issues/opportunities identified by the EMIS all should be considered in the evaluation.

4.5.1. Effort of the installation and commissioning process (Optional)
The EMIS installation and commissioning process is a comprehensive process involving multiple
stakeholders, such as site’s facility team, IT security team, BAS contractor, and EMIS vendor. It may take
weeks to months for the total calendar time to complete the process. The possible activities during the
EMIS installation process include getting IT approval for security clearance, installing or upgrading
hardware (e.g., meters, sensors, building automation systems, gateways) for data acquisition, collecting
and integrating data into EMIS, selecting and implementing FDD rules and thresholds, and customizing
the EMIS user interface to support visualization and reporting needs.
The possible activities during the commissioning process include performing data quality and accuracy
checks, adjusting the parameters to reduce false alarms (FDD only) and meet comfort requirements
(ASO only), and ensuring the user interface and reports are configured as desired. Documenting this
process would provide guidance and save effort for potential users replicating the implementation. The
assessment of the installation and commissioning process can be accomplished based on interviews
with site operation staff and activity tracking throughout the course of the evaluation.
The following items can be documented during the installation and commissioning process:
●
●

●

Document the activities during the process and the lead time for completing the installation
and commissioning respectively.
Specify what kinds of support are needed from the on-site engineers and other staff, and
estimate the labor hours. For example, schedule a site walk-through, provide control specs and
sequence and other system/equipment information, set up a network connection and wire for
communication, provide feedback on parameter settings and interface configuration,
troubleshoot connectivity, and monitor the space condition and equipment operation during
the commissioning.
Summarize the best practices and lessons learned. Get feedback from installer and on-site
staff, record the issues raised and the resolutions, and if possible provide recommendations for
future procurement specification and standardization.

31

Adetola, Veronica et al. 2014. Energy Performance Monitoring and Optimization System for DoD Campuses. ESTCP Project
EW-201142.
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4.5.2. Capability to enable energy efficiency (Required)
In this protocol, the capability to enable energy efficiency has different meanings for EIS/FDD and ASO
technology. For ASO, it means the targeted control setpoints can be successfully changed by the ASO.
For EIS/FDD, it means the ability to generate actionable information that leads to the actual efficiency
measures. EIS and FDD are enabling tools—installation of the tool does not create savings directly.
Rather, savings are achieved by acting upon the information that the technology provides (i.e., the
improvement opportunities that are identified). Evaluating the capabilities for identifying efficiency
opportunities and supporting the implementation of the efficiency measures will help potential
adopters understand how the tools contribute to the energy savings. It can also provide support for
successful integration of an EMIS into a building’s energy management process (e.g., EMIS evaluation
may show the benefits of a weekly operations review meeting to identify efficiency opportunities using
the EMIS reports).
To evaluate the capability to enable energy efficiency of ASO, the data trends of the targeted control
setpoints and measurements should be compared in the baseline and optimizer (reporting) periods. An
assessment can validate if the setpoints change and if the measurements follow the optimized setpoints
via BAS data trend analysis. For example, Figure 2 shows the ASO successfully reduces the AHU static
pressure setpoint (SP) by 0.5 pounds per square inch (psi) compared with the baseline. The static
pressure SP and static pressure in the optimizer period are shown in blue lines, and the static pressure
SP and static pressure in the baseline period are shown in red lines.

Figure 2. Example of comparison of control setpoints during the baseline and optimizer (postinstallation) periods
To evaluate the capability to enable energy efficiency of EIS and FDD, the following items should be
documented through building operator interviews and the results shown on the EIS and FDD.
●

●

A record of the implemented efficiency measures based on EIS/FDD results and the analytics
or visualization features that are used for identification. An example summary is provided in
Table 7. The common efficiency measures are summarized in Appendix E.
The workflow of identifying, prioritizing, and taking actions on the issues or opportunities
identified by the EIS or FDD tools. Faults are prioritized using criteria like impact on energy,
25

comfort, or existence of known issues. Determine which departments or business units are
involved, and who is responsible for responding to the finding. Prioritize and assign a list of
faults for inspection, inspect the faults, and implement the efficiency measures. Sometimes
actions such as equipment scheduling can be addressed by site-level operational staff. In other
cases, further investigation may be required, and control and mechanical subcontractors need
to be involved. The documentation of workflow leads to a “standard operating procedure”
which is easily repeated in the future application.
Table 7. Summary of the identified faults in an FDD tool and the implemented efficiency measures
System/Equipment Identified Faults

Implemented Efficiency Measures

Numbers

AHU 1-1
AHU 1-2

AHU on all the time

Enable calendar control

2

VAV 1-1, VAV 1-2,
VAV 1-3, VAV 1-4

Zones are outside an
acceptable comfort
temperature range

Reset the automatic setpoint, tune
VAV supply air flow

4

AHU 2-1

Incorrect economizer
control

Reset the minimum outside air
intake ratio

1

AHU 2-2

Valve cycling

Change control logic proportional–
integral–derivative loop

1

Outdoor lighting

Outdoor lighting on a fixed Introduce daylight harvesting
schedule
control

1

4.5.3. Confirm accuracy of issues/opportunities identified by the FDD (Optional)
Accuracy of the issues/opportunities identified is particularly important if the purpose of the evaluation
is to know whether a given FDD tool’s underlying algorithm is sound, or any better performing than
another’s or previous version. One simple metric used for evaluating accuracy is true positive rate
(Equation 4). True positive refers to the case in which the FDD tools report the presence of the fault and
field investigation confirms that fault. More accuracy metrics are discussed in a research report.32
# %i'.2*2 j(+k +5a* -%2(+(c*

The true positive rate, efg = # %i i.a3+2 ()*$+(i(*) 1b +k* lmm +%%3 (4)
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Frank, Stephen et al. 2018. Metrics and Methods to Assess Building Fault Detection and Diagnosis Tools.
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Appendix A: Useful Resources
Relevant Publications
EMIS Field Evaluation Plan
● U.S. DOE Federal Energy Management Program (FEMP). 2015. M&V Guidelines: Measurement
and Verification for Performance-Based Contracts Version 4.0.
● Energy Valuation Organization(EVO). 2008. Sample IPMVP-Compliant LEED Measurement and
Verification Plan.
Field Evaluation Guidelines
●

●

Efficiency Valuation Organization. 2012. International Performance Measurement and
Verification Protocol: Concepts and Options for Determining Energy and Water Savings Volume
I. 2012. EVO-10000-1.
ASHRAE Guideline 14-2014: Measurement of Energy, Demand and Water Savings. 2014.
American Society of Heating, Refrigerating, and Air Conditioning Engineers.

Field Performance Measurements Protocol
●
●

ASHRAE. 2010. ASHRAE/CIBSE/USGBC Performance Measurement Protocols for Commercial
Buildings. Atlanta: ASHRAE.
ASHRAE. 2012. ASHRAE Performance Measurement Protocols for Commercial Buildings: Best
Practices Guide. Atlanta: ASHRAE.

Field Evaluation Parameters and Approaches
Annual energy savings
●
●

Bonneville Power Administration. 2012. Verification by Energy Modeling Protocol.
Bonneville Power Administration. 2012. Regression for M&V Reference Guide.

Monthly average peak demand reduction
●
●

ASHRAE Guideline 14-2014: Measurement of Energy, Demand and Water Savings. 2014.
American Society of Heating, Refrigerating, and Air Conditioning Engineers.
Estimating Peak Demand Impacts Application Guide. Bonneville Power Administration (BPA),
2019.

Demand response load reduction
●

●
●

Goldberg et.al. 2013. Measurement and Verification for Demand Response.
https://www.ferc.gov/industries/electric/indus-act/demand-response/dr-potential/napdrmv.pdf
San Diego Gas & Electric. 2015. M&V report – Model-based Predictive HVAC control
enhancement software.
Southern California EDISON. 2018.10-Day Average Baseline and “Day-Of” Adjustment.
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Occupant comfort satisfaction
●

●
●

●

ANSI/ASHRAE Standard 55-2013. 2013. Thermal Environmental Conditions for Human
Occupancy. American Society of Heating Refrigeration and Air Conditioning Engineers. ISSN
1041-2336.
Granderson, Jessica et al. 2017. BuildingIQ technology field validation. Lawrence Berkeley
National Laboratory.
Loftness et al. 2016. Building performance optimization while empowering occupants toward
environmentally sustainable behavior through continuous monitoring and diagnostics. ESTCP
project EW-201406.
ASHRAE standard 62.1-2019. Ventilation for Acceptance Indoor Air Quality. 2019. American
Society of Heating, Refrigerating, and Air Conditioning Engineers.

Net present value (NPV) and savings-to-investment ratio (SIR)
●

●

ENERGY STAR Building Manual
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Appendix B: Site Selection Criteria
This appendix contains the information-gathering form and site selection criteria that is used to identify
demonstration sites. As an example, the following is the site selection criteria of an Automated System
Optimization (ASO) field evaluation project.
Step 1: Site personnel identify initial candidates using the checklist below. Exclude buildings that lack
any of the “required” characteristics.
Priority
Level

Check Here if the
Building Has this
Characteristic

Characteristic

Required

Floor area is > 100,000 ft2

¨

Required

Presence of a remotely accessible building automation
system (BAS) addressable with BACnet/other protocol.

¨

Required

Mechanical systems with a central plant (chillers and
boilers) or large package rooftop unit (> 60-ton cooling
capacity) with variable frequency drives (VFDs) and
modulating chilled water valves/multiple compressors
(cooling stages)

¨

Required

Variable air volume (VAV) system

¨

Required

Direct digital control built out to the air handling unit
(AHU) level (pneumatic thermostats and actuators ok)

¨

Required

Whole-building-level metering

¨

Required

Building- or regional-level point of contact with
willingness and knowledge to provide evaluation
information regarding occupant/tenant and energy
management impacts, and utility tariff information

¨

Required

Good documentation of as-built drawings and design
document, especially the electrical and mechanical riser
diagrams

¨

Required

Good documentation of control systems, e.g., control
drawings, control sequences

¨

Required

Interval whole-building metering and submetering for
HVAC equipment

¨

31

Preferred

Space temperature and relative humidity (RH)
measurements through the BAS

¨

Preferred

Stable occupancy, operations, and internal loads during
the demonstration period

¨

Preferred

On-site weather station that measures outdoor dry bulb,
outdoor relative humidity, outdoor wind speed and
direction, and global horizontal irradiance

¨

Preferred

Submetering of plug loads, lighting, and other non-HVAC
building loads

¨

Step 2: For each initial candidate building, personnel familiar with the building would provide the
following information to the demonstration point of contact, who will relay the information with the
down-selection team.
General Information

Response

Address
Vintage
History (year and scope) of major renovations/retrofits
History of building commissioning/retrocommissioning
Major space use types present in building
Square footage
On-site staff or not
Occupancy variation, historic and future
Annual electricity and gas usage
Available metering level (whole-building or submetering),
type (interval or monthly), historic data range (e.g., 1 year,
etc.)

HVAC Information

Response
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History of major HVAC system upgrades
Is the HVAC system a central chiller/boiler with AHU? If
yes:
Chiller capacity and type (vapor-compression vs.
absorption)
Boiler capacity
Single duct or dual duct AHU?
Is the HVAC system a package rooftop DX unit? If yes:
Cooling capacity
Heating capacity
Number of cooling stages
BAS and Internet Connectivity

Response

BAS make and model
Are the whole-building metering and submetering in the
BAS?
Can a PC be located at the site with network access to
both the BAS network and the Internet?
Does the building have its own virtual private network
(VPN)?
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Appendix C: Common Capabilities of EMIS
This appendix lists the common capabilities under the categories of EIS, FDD, and ASO functionality.
Category
EIS

FDD

Capabilities

Description

Energy
consumption(costs)
visualization

Track and provide views of the meter points on a subhourly (e.g.,
15-minute) basis; provide visualizations of real-time (and
historic) energy costs.

Key performance
indicator (KPI) tracking

Track KPI for energy related metrics, such as equipment, system,
or building level energy use intensity, greenhouse gas emissions.

Energy performance
analysis

Analyze interval energy data and provide actionable information.
Common analysis includes time series load profiling, heat map
visualization, benchmarking, baseline energy consumption
modeling, and energy anomaly detection. Please see the Energy
Information Handbook (2011) for the description of analytics.33

Demand management

Provide peak demand monitoring; provide notification when the
demand for critical metered loads passes a threshold.

Measurement and
verification (M&V)

Provide M&V capabilities in accordance with the International
Protocol for Measurement and Verification, establish an energy
usage baseline prior to the efficiency project, and express
savings as a total, for a given pre- and post- efficiency project
period.

Energy reporting and
data export

Provide a default or customized energy report; allow users to
export energy data.

Operational data
visualization

Visualize and plot time series operational data and control
setpoints (e.g., temperature, pressure, flowrate)

Key performance
indicator (KPI) tracking

Track KPI for equipment or system efficiency (e.g., chilled water
plant [kW/ton] and heating plant efficiency) and comfort-related
indoor environmental conditions (e.g., occupant comfort index
showing the percent of operating hours within zone target
temperature ranges for all spaces).

Fault detection and
diagnostics

Identify and diagnose faults within the building systems. Below is
a partial list of faults in FDD tools for the HVAC system.

33

Granderson, Jessica et al. 2011. Energy Information Handbook: Applications for Energy Efficiency Building Operations.
Lawrence Berkeley National Laboratory.
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General faults applicable to all HVAC equipment:
• Sensor faults, including those outside of a feasible range, flatlining, bias, drift, or failure
• Stuck/leaking valves and dampers in water- and air-side
systems
• Scheduling, i.e., equipment is operating outside of intended
hours
• Hunting or cycling, i.e., poorly tuned control loops
• Manual overrides in place
Air handling units:
• Under or over economizing
• Excessive outdoor air intake
• Unnecessary simultaneous heating and cooling
• AHU discharge air temperature reset
• AHU static pressure reset
• Fouled or blocked coil and dirty filters
Terminal units:
• VAV minimum supply airflow too high (causing reheat)
• VAV supply airflow constantly at maximum flow
• Zones outside an acceptable space temperature range
• Space heating and cooling setpoints: insufficient dead-band or
night setback
Chilled water plant:
• Chilled water leaving temperature reset
• Chilled water plant lockout
• Hydronic differential pressure reset
• Cooling tower condenser water leaving temperature reset
• Chiller short cycling
Boiler plant:
• Hot water plant lockout
• Hot water leaving temperature reset
• Hydronic differential pressure reset
• Boiler short cycling
Fault prioritization

Prioritize fault based on an estimate of impact, and recommend
actions
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ASO

Fault reporting and
data export

Generate a default or customized report of the identified faults;
allow users to export operational data

Automated control
setpoints optimization

Define the optimized control setpoints and implement in the
building automation system. The possible optimized control
setpoints in HVAC system include:
● System/equipment on/off schedule
● Chiller plant chilled water leaving temperature setpoint
● Chiller plant cooling tower leaving temperature setpoint
● Boiler plant hot water leaving temperature setpoint
● Hydronic differential pressure setpoint
● AHU supply air temperature setpoint
● AHU static pressure setpoint
● Space heating and cooling setpoints
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Appendix D: Sample Evaluation Report Outline
and Standard Metrics Reporting Table
Report outline
1. Introduction
2. Description of technology and demonstration sites
2.1 Technology description
2.2 Demonstration site description
3. Evaluation metrics and approaches
4. Evaluation results
5. Discussion
6. Conclusion
Standard Metrics Reporting Table
Table D-1 summarizes the key metrics established for [EMIS name] under [project], in compliance with
the EMIS Validation Protocol (version X.X, dated [date]).
Table D-1. Standard metrics reporting table
Date
Project Title / Number
EMIS name
EMIS vendor
Project point of contact

Metric

Result

Energy and utility cost
Annual energy savings
Annual energy cost savings
Monthly peak demand savings
Demand response load reduction
Non-energy benefits
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Method used, notes

Occupant comfort
Operation & Maintenance
EMIS cost
A: Base costs for EMIS technology
B: In-house labor costs for EMIS installation
and commissioning
C: Ongoing annual costs for EMIS technology
D: Ongoing annual in-house labor costs for
EMIS use
EMIS Cost = A + B + C + D + E
Cost-effectiveness
Simple Payback
Net Present Value (NPV)
Savings-to-Investment Ratio (SIR)
Operational capabilities
Efforts of the installation and commissioning
processes
Capability to enable energy efficiency
Accuracy of issues/opportunities identified by
the FDD

38

Appendix E: Common Efficiency Measures
This appendix presents 26 common efficiency measures, as shown below.
Category

Efficiency Measure

Scheduling
Equipment Loads

Improve scheduling for HVAC & Refrigeration: Shorten operating hours of HVAC & refrigeration
systems to better reflect the actual building occupancy schedule and service needs.
Improve scheduling for lighting: Minimize the lighting runtimes.
Improve scheduling for plug loads: Minimize office equipment runtimes, e.g., installing advanced
power strips which automatically cut power according to an occupant-defined schedule.

Economizer/Outside Improve economizer operation/use: Repair/optimize the mixed air economizer control in an
AHU (e.g., fix dampers, replace damper actuators, modify economizer control sequence, etc.).
Air Loads
Reduce over-ventilation: Adjust the minimum outdoor air ventilation setpoint to reduce heating
and cooling loads.

Control Problems

Reduce simultaneous heating and cooling: Eliminate unintended simultaneous heating and
cooling by repairing the stuck/leaking coil valve, sensor errors, etc.
Tune control loops to avoid hunting: Adjust equipment/actuator controls to reduce cycling
(turning on and off).
Optimize equipment staging: Add or optimize the equipment staging control (i.e., turning the
equipment on to meet the load while maintaining optimum part-load performance).
Zone rebalancing: Ensure proper airflow to be delivered to each zone.

Controls: Setpoint
Changes

Adjustment of heating/cooling and occupied/unoccupied space temperature setpoints: Add or
optimize controls of the zone terminal units to allow spaces temperatures to drift more during
occupied/unoccupied hours.
Reduction of VAV box minimum setpoint: Reduce the VAV box minimum setpoint to reduce the
heating and cooling load.
Duct static pressure setpoint change: Reduce the duct static pressure setpoint to reduce fan
energy consumption.
Hydronic differential pressure setpoint change: Reduce the hydronic differential pressure
setpoint to reduce pump energy consumption.
Preheat temperature setpoint change: Reduce AHU preheating settings.

Controls: Reset
Schedule Addition
or Modification

Supply air temperature reset: Add or optimize control of the supply air temperature based on
either outside air temperature or space loads.
Duct static pressure reset: Add or optimize control of the duct static pressure based on either
outside air temperature or space loads.
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Chilled water supply temperature reset: Add or optimize control of the chilled water supply
temperature based on either outside air temperature or cooling load.
Hot water supply temperature reset or hot water plant lockout: Add or optimize control of the
hot water supply temperature based on either outside air temperature or heating load.
Condenser water supply temperature reset: Add or optimize control of the condenser water
supply temperature based on either outside air wet-bulb temperature or chiller load.

Equipment
Efficiency
Improvements

Add or optimize variable frequency drives (VFDs): Add a VFD to the fan or pump.

Occupant Behavior
Modification

Routinely share energy information or guidance on proper use of equipment with occupants
through FDD technology.

Pump discharge throttled or over-pumping and low delta T: Fix pump issues to allow it provide
the proper water flow.

Hold an energy savings challenge using FDD data.

Retrofits

Lighting upgrade or improve lighting controls: Replace lighting fixtures with more efficient
fixtures; add lighting control system.
High efficiency HVAC equipment: Airside: Replace airside HVAC equipment with more efficient
equipment.
High efficiency HVAC equipment: Waterside: Replace waterside HVAC equipment with more
efficient equipment.
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Appendix F: Glossary
Terms

Definition

ASO (Automated
System Optimization)

A functionality of EMIS focused on continuous controls optimization. ASO
dynamically modifies building automation system control settings to optimize
HVAC system energy usage while maintaining occupant comfort. Two-way
communication with the BAS is the distinguishing feature of ASO solutions.
These tools both read data from the BAS and write analytically based optimal
setpoints back to the BAS, based on data such as measured indoor, outdoor,
and energy price conditions.

BAS (Building
Automation Systems)

Systems used to control building heating, ventilation, and air-conditioning
(HVAC) systems, and in some cases, building lighting and security systems.

Baseline data

The measurements and facts describing facility operations and design during
the baseline period. This will include energy use or demand and parameters of
facility operation that govern energy use or demand.

Baseline model

The set of equations that describe the relationship between energy use or
demand and other factors that affect energy use in the baseline period.

Baseline period

The period of time chosen to represent operation of the facility or system
before implementation of an EMIS. This period is ideally one year, to reflect
one full operating cycle of a system or facility with variable operations.

Commissioning

A process that provides documented confirmation that the technology as
constructed functions in accordance with the intent of the design and satisfies
the building’s operational needs.

Demand response

Changes in electric usage by end-use customers from their normal
consumption patterns in response to changes in the price of electricity over
time, or to incentive payments designed to induce lower electricity use at
times of high wholesale market prices or when system reliability is jeopardized

EIS (Energy
Information System)

Meter-level monitoring, analysis, and charting (hourly or more frequent
consumption data, at whole building or submeter level). It may incorporate
automated opportunity analysis that typically includes predictive energy
models that identify energy use anomalies and measure project savings.

Energy consumption

The amount of energy consumed in the form in which it is acquired by the
building.
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Energy cost

The total cost for energy, including charges such as base charges, demand
charges, customer charges, power factor charges, and miscellaneous charges.

Energy savings

A reduction in energy use, often quantified by accounting for key normalization
factors such as weather or hours of operation.

EMIS (Energy
Management and
Information Systems)

A broad family of tools and services to manage commercial building energy
use. These technologies offer a mix of capabilities to store, analyze, and display
energy use and system data, and in some cases, provide control. EMIS is an
umbrella term that covers both meter-level and system-level EMIS.

FDD (Fault Detection
and Diagnostics)

FDD automates the process of detecting faults with physical systems and
processes, and diagnoses their potential causes. FDD for HVAC generally use a
database of “expert rules” that analyze BAS and meter data to determine fault
conditions.

IPMVP (International
Performance
Measurement and
Verification Protocol)

A protocol that provides an overview of the current best practice techniques
available for verifying results of energy efficiency, water efficiency, and
renewable energy projects in commercial and industrial facilities. It also may be
used by facility operators to assess and improve facility performance. The
IPMVP is the leading international standard in measurement and verification
protocols. It has been translated into 10 languages and is used in more than
40 countries.

Monthly coincident
peak demand

The maximum demand during utility’s defined peak period (e.g., the utility’s
peak time-of-use period for a given billing period)

Monthly noncoincident peak
demand

The highest kW demand peak in any 15-minute interval in the billing month
that is used for the calculation of demand charge in utility bills.

NPV (Net Present
Value)

The difference between the present value of cash inflows and the present
value of cash outflows over a period of time. NPV is used in capital budgeting
and investment planning to analyze the profitability of a projected investment
or project.

Peak demand savings

The reduction in the demand from the pre-retrofit baseline to the post-retrofit
demand once independent variables (such as weather or occupancy) have
been adjusted for.

Reporting period
(Post-installation
period)

The time following the EMIS installation and commissioning during which
savings are to be determined
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Simple payback
period

The number of years required to recover the investment through project
savings.

SIR (Savings-toinvestment ratio)

Numerical ratios whose sizes indicate the economic performance of an
investment.

Submetering

A method of using multiple meters to collect real-time energy data from any
source in a building (electricity, water, gas, or other uses such as district steam
and chilled water). Submeters can measure consumption by space, equipment
type, or source to capture information that is more granular than the
information gathered at the whole-building level. Submetering also allows
building management to bill tenants for their individually measured utility
usage.
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