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-
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EXECUTIVE SUMMARY

Purpose of the Demonstration:

The objective of this project is to demonstrate that at least 30% of a DOD building’s HVAC and
plug load annual energy consumption can be saved through continuous diagnostics and controls,
while empowering building stakeholders to engage in proactive energy-conservation and
sustainable behaviors. The findings and performance assessments from the demonstration
provide information that can help the DOD to reevaluate its building operation policies, practices
and guidelines — by engaging the whole military installation community, especially building
occupants, in energy conservation measures and by engaging facility managers through easy-to-
use and user-friendly interfaces that support preventative measures to ensure energy conservation
and occupant comfort.

Description of the Technology:

The team deployed two distinct technologies during this demonstration project. The first
technology, ‘ID-F,’ targets building facility managers and allows real time diagnostics for BAS
systems with features like benchmarking, fault detection, and diagnostic or energy anomaly
detection. As an extension of traditional BAS, ID-F allows a deep performance tracking of
building systems. Having a better view of their building’s performance, facility managers can
avoid system failures, diagnose incorrect sequences of operations, and improve occupants’
comfort.

The second technology, ‘ID-0,’ targets building occupants, allowing them to manage and control
their electrical appliances. Through features like energy feedback, automation, reminder and
targeted recommendations, occupants are made aware of their appliances’ energy consumption
impact and are invited to change their behavior and to engage in more sustainable practices.

Results of the Demonstration:

Performance Objectives: To assess the potential for deployment of the technology at military
installations in furtherance of DOD energy goals, three sets of parameters were measured in
relationship to targeted expectations:

e Energy Savings — Although the success criteria was achievement of more than 30%
reduction in annual energy consumption, only 10% reduction in overall energy use was
realized. However, since overall energy use had been reduced for part of the test bed
during the previous demonstration (EW 201336), this result understates the impact of the
technology. While the target for plug-load reduction was also 30%, 24% was actually
achieved.

e Greenhouse Gas Reduction — Although the success criteria was achievement of more than
30% reduction in greenhouse gas emissions, only 10% reduction was realized. (Note that
the methodology used for measuring GHG is aligned with total energy measurement.)

e User Engagement Toward Sustainable Practices — All of the qualitative objectives of the
demonstration were achieved: Occupant engagement was high at 85% participation,
sustained positive behavior changes occurred, and satisfaction increased. Facility
managers identified enhanced fault detection. And, all participants reported the system
was easy to use and beneficial.
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Overall Evaluation:

The demonstration validated and quantified the effectiveness of the technology in a military
environment and confirmed the hypothesis that collaboration between facility managers and
occupants in the control of building energy systems can reduce energy waste and increase user
satisfaction. Together, the technologies behind the ID-F and ID-O dashboards provided a user-
friendly, integrated platform for monitoring, analyzing, and modifying the operation of building
systems and their associated energy use both in real time and over time.

The technology succeeded in identifying and exploiting multiple opportunities to adjust the
scheduling of operations for building systems to the schedules of building occupants, by
optimizing thermostat, air handling, and electrical base load settings during times of low and
dynamic occupancy. The technology also succeeded in identifying and correcting system design
and operational problems, thereby detecting equipment inefficiencies and faults and empowering
predictive rather than reactive repair and maintenance strategies.

Prior to system installation, assessment of the existing BAS infrastructure of meters and data
points led to hardware upgrades and equipment re-commissioning. Such improvements are
inherently beneficial and should be independently cost-effective; so the process of evaluation
should be considered a positive external attribute of the technology adoption process.
Nevertheless, expenditure of time and money is required to prepare properly for introduction of
the ID-F technology, otherwise deployment will not produce optimal results. Since the extent of
required activity cannot be determined in advance, this aspect of technology introduction
remains a consideration in overall evaluation.

At scale, for deployments with more than 120 occupants, the ROI for the ID-O technology is
projected at 20%, with payback expected in less than 5 years. Because the dashboards are
intuitive, training is straightforward, customer support is minimal, and user acceptance is high.

In conclusion, the technology did not meet its energy reduction targets but succeeded in meeting
its user satisfaction goals. The savings in energy use and associated cost were substantial,
despite being less than anticipated. Overall, the technology performed as designed and
accomplished all of its complex missions, although with less impact than hoped for.
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1.0 INTRODUCTION

Carnegie Mellon University (CMU) - in collaboration with OSlsoft, Siemens Building
Technology (SBT), Energy Efficiency LLC (EEme) and Evolve Foundation, Inc. - demonstrated
application of an innovative integrated software platform for the project entitled “Building
Performance Optimization while Empowering Occupants toward Environmentally Sustainable
Behavior through Continuous Monitoring and Diagnostics.” The system was demonstrated at
buildings of the 171% Air Refueling Wing of the Pennsylvania Air National Guard (PaANG)
located at the Pittsburgh International Airport in Coraopolis, Pennsylvania, using funding
provided by the U.S. DOD Environmental Security Technology Certification Program (ESTCP).
Within 20 months, the project team demonstrated and validated the base-wide building energy
efficiency improvement capability of the integrated systems as well as the beneficial impacts of
the systems on increased awareness of energy conservation opportunities and active engagement
in workplace energy efficiency enhancement by-the DOD personnel.

To maintain and operate its facilities, the DOD is spending almost $4 billion yearly on energy
related costs. As required by legislation (EISA 2007), the DOD is investigating available
solutions to reduce the energy consumption of its building inventory. Several studies have shown
that the controls of most ef-the-building systems—centrols drift over time due to lack of
understanding, monitoring, and diagnostics. The resulting inefficiencies drastically reduce
systems-the performance of systems while decreasing user satisfaction because of increased
mechanical noise, increases in building pollutants, inadequate indoor temperature set points,
eteand other factors. For example, more than 50% of air economizer systems fail to perform
within design specifications within their first three3 years of operation, leading to over-
consumption of energy by more than 40% in certain climate zones [1-2].

To maintain optimal performance over the building lifetime, building systems need to be
monitored continually; their performance needs to be trended; drifts or anomalies need to be
detected, analyzed and reported. Because various hardware manufacturers use proprietary
communication protocols, robust-integrated infrastructure-wide systems are essential_for cross-
platform integration. Energy savings of up to 40% are achievable in commercial buildings by
continuously monitoring, analyzing and reporting building performances [3-5].

Building occupant activities also impact the overall performance of buildings. Unfortunately, a
lack of information or feedback for users can lead to unintentionally detrimental behavior. To
create awareness for building occupants, technology displaying building energy performance
metrics and recommendations (such as a dashboard system) can engage the occupants toward
pro-environmental behavior and energy conservation practices. A synergy of manual and
automated control can be achieved by giving occupants control of their environments, thereby
improving their comfort, satisfaction and productivity. For example, preliminary studies have
shown that more than 30% of plug load energy can be saved by raising awareness of plug load
management practices [6].

This document describes the work performed and the results achieved during the demonstration
of the systems at the PaANG site. In addition to validating and quantifying the effectiveness of
the technology, the demonstration allowed the project team to determine the system installation
costs, assessed the system’s risk management framework and cyber-security acceptance, and
provided a viable transfer plan to other DOD sites.
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11 BACKGROUND

The Pacific Northwest National Laboratory of the DOE (PNNL) reports that the DOD accounts
“for roughly 60% of energy use and floor space” for federal buildings [Sec. 2.1.2] but has not
been on track to meet the goal of 30% energy intensity reduction by FY 2015 [Sec. 2.2] [7].
PNNL also reports that approximately 53% of the 318,090 total DOD buildings are houses,
office buildings and schools [8]. Buildings of these types are usually in active use for several
hours per day with dynamic occupancy. However, a typical state-of-the-art Building Automation
System (BAS) used by the DOD supports only static HVAC and lighting schedules; and existing
DOD energy policies often limit control of the environment within these spaces to building
operators and facility managers. In most cases, buildings are managed to provide regulated
environmental conditions designed to support high comfort levels for maximum occupancy
during periods of time that are longer than necessary, e.g., 6am-11pm daily, in order to avoid
occupant complaints. This management policy leads to substantial energy waste without
necessarily delivering occupant satisfaction. In fact, based on surveys conducted at DOD sites
and studies in civilian settings, occupant complaints are frequent at those buildings that adopt
such policies; and, ironically, typical complaints are about buildings being over-cooled in
summer and over-heated in winter.

At PaANG, where typical work schedules for National Guard personnel are followed, we found
that about 60% of the employees who are assigned to occupy base facilities do so on a limited
basis. Furthermore, because the schedules of these “part-time” individuals are subject to change,
the BAS is set to air condition the space as if they were “full time” employees. The energy waste
due to such npersistent, excessive overscheduling, over-ventilation, and over-lighting is
significant.

Lack of occupant participation in the control of the building is hypothesized to be the main
reason for both energy waste and comfort complaints.

To address these problems, CMU and OSlsoft have developed an innovative, low-cost,
integrated software platform that allows interactive communications and actions among
occupants, facility managers, and building control systems for both individual building and base-
wide applications. CMU has developed “Intelligent Dashboards” at scales for building occupants
(ID-0), facility managers (ID-F), and city/campus (ID-C) to provide real-time energy and Indoor
Environmental Quality (IEQ) analytics and communications based on sensor and controller
information collected and managed by OSlsoft’s Pl Systems database.

Savings in direct building energy use (and associated energy cost) of at least 30%, including
savings of 40% in plug load energy use, is expected from the adoption of the integrated system
for all types of DOD buildings used for operations at a military base. Furthermore, use of the
systems is expected to enhance the comfort of building occupants and the efficiency of building
operators, leading to a more productive workplace with fewer complaints.
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1.2 OBJECTIVE OF THE DEMONSTRATION

The objective of this project is to demonstrate that at least 30% of a DOD building’s HVAC and
plug load annual energy consumption can be saved through continuous diagnostics and controls,
while empowering building stakeholders to engage in proactive energy-conservation and
sustainable behaviors.

The team deployed two distinct technologies during this demonstration project.

The first technology, ‘ID-F,” targets building facility managers and allows real time diagnostics
for BAS systems with features like benchmarking, fault detection, and diagnostic or energy
anomaly detection. As an extension of traditional BAS, ID-F allows a deep performance tracking
of building systems. Having a better view of their building’s performance, facility managers can
avoid system failures, diagnose incorrect sequences of operations, and improve occupants’
comfort.

The second technology, ‘ID-0,’ targets building occupants, allowing them to manage and control
their electrical appliances. Through features like energy feedback, automation, reminder and
targeted recommendations, occupants are made aware of their appliances’ energy consumption
impact and are invited to change their behavior and to engage in more sustainable practices.

The findings and performance assessments from the demonstration provide information that can
help the DOD to reevaluate its building operation policies, practices and guidelines — by
engaging the whole military installation community, especially building occupants, in energy
conservation measures and by engaging facility managers through easy-to-use and user-friendly
interfaces that support preventative measures to ensure energy conservation and occupant
comfort.

The project team conducted training sessions for the facility managers and building occupants
during the introduction of the ID-O and ID-F technologies. Usability feedback surveys were used
to obtain input for updating interfaces. In addition to training sessions, the team provided
manuals to building occupants who participated in the ID-O demonstration. All of these activities
are intended to increase awareness and acceptance of the technology within the demonstration
site and for the DOD in general.

1.3 REGULATORY DRIVERS

The energy saving activities of this demonstration are aligned with Executive Orders, legislative
mandates, federal policy, DOD policy, and the Air Force Energy Strategic Plan.

Executive Order:

EO 13693 of March 25, 2015 (superseding EO13423 of January 24, 2007) Planning for Federal
Sustainability in the Next Decade:

In compliance with this executive order, Federal agencies must conduct their environmental,
transportation, and energy-related activities in an environmentally, economically, and fiscally
sound manner. “To improve environmental performance and Federal sustainability, priority
should first be placed on energy use.” The technology used in this demonstration specifically