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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

The purpose of this market transformation pilot project is to create a rating system framework to score or
rate the performance of commercial buildings.

The building performance factors addressed by this project are building energy usage; operation,
maintenance, and functionality of the heating, ventilation and air conditioning (HVAC) systems; building
occupant satisfaction; and building operation and management. Current guidance for improved building
performance consists mainly of recommended practices. Implementing some or all of these applicable
recommended practices may or may not result in improved building performance. This project attempts
to create a practical method to rate outcomes, in terms of actual building performance, which is necessary
to evaluate and refine practices and interventions.

Outsourced operation and maintenance (O&M) service contracts are currently not standardized, and are
generally negotiated on a task and cost-of-service basis rather than specific building performance criteria.
In a marketplace that is informed through a scoring or rating system that identifies, reports and tracks key
elements of building performance, it is expected that building owners and managers — and their O&M
service providers — will be better able to negotiate and obtain O&M services that deliver higher
performance buildings.

Advanced O&M services that focus on practical and cost effective operation and maintenance practices
and interventions will produce improved building performance as documented by higher ratings or scores.
Higher scores are expected to translate into improved equipment function, reduced equipment failure,
increased occupant satisfaction (and assumed productivity), higher energy efficiency, as well as increased
demand for advanced O&M services in the broader marketplace.

As a building owner/manager is able to compare and evaluate scores over time they will be able to track
these parameters and make adjustments in terms of budget planning as well as negotiate more effective
O&M service contracts based on performance factors, not just costs.

Building owners/managers and occupants will benefit directly from improved building performance and
reliability as advanced O&M services are implemented, documented and tracked. Providers of O&M and
HVAC services will benefit by a marketplace that recognizes the value of advanced services that optimize
building performance. Service providers will document specific deficiencies requiring interventions, and
also gain useful results-driven feedback in terms of improved performance “ratings” or “scores.”

Basic and routine industry-accepted O&M practices are prerequisites to the rating system. Thus the rating
system builds on basic and routine services, focusing on optimizing building and systems performance
through concise guidance and evaluation of critical performance factors currently overlooked or ignored
in the marketplace.

A detailed rating or scoring method was created for four building performance parameters: 1) HVAC
Roof Top Unit O&M and Performance; 2) Building Energy Performance; 3) Building Occupant
Satisfaction; 4) Walk-Through Assessment. Using this scoring system, O&M contractors and building
owners/managers are able to quickly evaluate the building performance for these parameters. A list of
“Advanced Building Performance Management” options is also provided.

Guidance is provided for implementing and scoring each parameter. Guidance follows an easy three-step
format. Electronic scoring tabulation is provided using computer spreadsheet tools, electronic occupant
survey form, HVAC performance and functionality score card and protocols, building walk-through
checklist, and advanced building performance management options.
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EXECUTIVE SUMMARY

Six pilot project buildings in Washington State were recruited and used to obtain input from the building
owner/manager, occupants, and O&M service providers and to field test the proposed rating system tools.
Each of the pilot building’s energy usage was documented and the operation and functionality of some
HVAC systems were evaluated. Occupant satisfaction surveys were conducted in conjunction with space
temperature and ventilation assessments.  Limited technical monitoring was performed.
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1. PROJECT OBJECTIVE

1. PROJECT OBJECTIVE

The goal of this project was to develop an O&M rating system for owners and contractors that accounts
for building performance and promotes energy savings and improved occupant satisfaction and indoor
environmental quality. The desired results include:

f Develop an O&M rating system scoring methodology and tools for small- and medium-size
office and retail buildings.

Create detailed scoring systems and protocols for HYAC O&M service providers.

Provide a metric for building occupant satisfaction, energy performance, and walk-through
performance assessments.

f Summarize the experience from field work in six pilot buildings and feedback from building
owner/managers, O&M service providers, and other advisors.

NCEMBT-090417 3




2. BACKGROUND

2. BACKGROUND

The motivation for this project is to encourage market transformation toward improved building
performance through the development of an O&M rating or scoring system. The intent in this project is
to focus on rating operations-related building performance and to develop an approach that can be applied
to small- and medium-size office and retail buildings by O&M service providers and building staff.

Currently a myriad of O&M guidance exists ranging from specific and detailed to broad and general in
nature. For example, individual O&M contractors create and utilize their own customized service
checkilists for specific mechanical equipment. Various industry organizations offer minimum requirement
standards and good practice guides. Heating, ventilation, and air conditioning (HVAC) equipment
manufacturers provide operation and maintenance specifications for their individual products. The U.S.
Department of Energy (DOE), utility companies and others provide broad lists of energy performance tips
and suggestions. More broadly, the U.S. Green Building Council promotes the Leadership in Energy and
Environmental Design (LEED™) rating system for Existing Buildings (Operations & Maintenance),
outlining general prescriptions and topical guidance.

A literature search and discussions with industry leaders revealed that no detailed, integrated, or multi-
dimensional operations-related building performance guidance or ratings systems currently exist,
although there is an increasing amount of recent interest and discussion in this area. Most O&M related
guidance is prescriptive in nature, consisting mostly of recommended practices intended to result in
improved building performance, but the outcomes of these practices are rarely assessed in a systematic
fashion. While LEED for Existing Buildings is a rating system that does include performance elements,
there are a large number of rating categories (most appropriate for larger buildings) and many of these
categories deal with management practices, policies, and building characteristics.

Currently building owners/managers are seldom provided with metrics to help them identify specific
areas for improving their building’s performance. Small- to medium-size buildings commonly rely on
out-sourced operation and maintenance services provided by technicians with responsibilities generally
limited to a prescribed set of routine service tasks. Building owners/managers do not generally receive
meaningful documentation or feedback about their building’s energy usage trends, a useful rating of the
HVAC equipment and systems functionality, or an organized feedback mechanism to assess the building
occupant’s satisfaction with the building’s performance. Building performance is impacted by occupant
behaviors, equipment degradation and failure, structural deficiencies, and building usage and design.
Building owners and managers are seldom offered or receive routine walk-through assessments to assist
them to identify and correct performance deficiencies through practical recommendations.

According to Chimack (Chimack 2006), to determine the success of a maintenance program, goals need
to be set for the program and analyzed yearly to see if the program is meeting its goals. Additionally,
every year, equipment failures from the previous year should be analyzed as to the root-cause of the
failure. This analysis should analyze each specific cause of the problems. The maintenance program
should then be reviewed and altered where applicable to aid in the reduction of future failures. Similarly,
the energy efficiencies of major equipment should be noted annually to verify optimal operation. If
efficiencies decrease significantly, a failure may be imminent. Furthermore, occupant complaints should
be tracked by work order and analyzed to identify patterns. The purpose of scheduled maintenance and
O&M in general is to manage expenses. This is done through decreasing equipment failures, increasing
equipment life, energy efficiency, productivity and indoor air quality. If this can be done, the
maintenance program will be successful and the program will become a priority. The challenge is to
incorporate these ideas into routine practices that are appropriate for small to medium size buildings.
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2. BACKGROUND

Barriers To Building Efficiencies

Herzog (Herzog. 1997) states that the barriers to efficient operation are managerial and organizational, not
technical. Clients are usually not aware of savings potentials, and often assume systems are working okay
due to the “routine” O&M practices and services provided. Energy waste can often be due to lack of a
well organized O&M process. Another barrier is that O&M procedures (actual) are designed primarily to
achieve “complaint management” and avoidance of premature or catastrophic equipment failure
(reliability). Guidance or services for the efficient operation and management of facilities are not readily
available to building owners/managers.  Therefore, instead of ensuring efficient operations through
effective management and organizational structures, the tendency has been to focus all energy
conservation efforts on equipment upgrades and replacement. The O&M industry may have a vested
interest in these types of projects rather than lower cost preventive O&M and optimization of equipment
function.

The perceived costs and benefits of enhanced O&M services are an important factor in their market
acceptance. The following statement, summarized from our discussions with multiple mechanical
contractors involved in enhanced O&M programs in the Pacific Northwest, makes these points:

“O&M contractors have determined the service levels and related price points that work with
their own business model — any additional O&M services will have a direct effect on their current
offerings (e.g., levels of service and service packages) and therefore need to be carefully
considered before further O&M steps are proposed to their current or prospective customers.
For example, a four-year utility-sponsored ‘enhanced HVAC service program’ has required
contractors to provide enhanced O&M activities on roof top HVAC units (RTU). Over the
program’s 4-year history, O&M contractors have shown various levels of participation. One
reason that some have given for their low participation (or decision to leave the program) is the
rebate levels. These rebates (incentives) are seen as not high enough, in some cases, to cover the
extra labor time required. Any proposed set of additional maintenance practices would undergo
the same scrutiny.”

O&M contractors’ concerns that the rebates are not high enough to cover their costs are reinforced by the
lack of attention by building owners/managers to building operations and management (and their potential
for generating savings). Building owners/managers are not asking for these services.
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3. METHODOLOGY

3. METHODOLOGY

The project team used a multi-step approach to develop a pilot O&M rating system that consisted of three
primary elements:

1. Collecting input
2. Developing the O&M rating system
3. Conducting testing in pilot buildings

The process of creating the O&M rating system was not linear. While collecting input was an important
first step, we continued to gather information and solicit input and feedback throughout the project. We
developed a number of different O&M rating concepts early in the project to inform our conversations
and give us something to work with. The effort was more creative than technical in nature, which added
to the complexity and effort required to develop materials. We also began working in pilot buildings in
the early stages to gain experience working with owners and contractors and to identify important issues
that needed to be addressed. Thus, we used an iterative process to create the O&M rating system
concept. In this section of the report we describe the three elements in our approach.

3.1 COLLECTING INPUT

We formed advisory teams, conducted interviews, and performed a literature review to collect input for
creating the O&M rating system. These were the first steps in the project and allowed us to better define
the project scope and create the initial rating system concepts. We continued to rely on inputs from our
contacts throughout the project.

To gain insights into current market fundamentals, three project advisory teams were recruited
representing:

f The O&M and HVAC service delivery industry,
f HVAC and energy technical professionals, and

f Stakeholders consisting of O&M customers (building owners/managers/operators) and
representatives of utility and efficiency programs.

Most of our technical advisors were sub-contractors and played specific roles in the pilot building testing
and the development of the rating system concepts. We engaged most of the other members of the
advisory teams through individual phone conversations and e-mail. This was an informal process. We
had some challenges involving advisory team members in the project. This was partly due to their limited
availability and to the conceptual nature of this project.

We conducted interviews with O&M contractors to gain insights about the O&M services they offer and
their interest and suggestions about enhanced O&M services. We acquired copies of typical service
agreements and contracts. We also spoke with building owners/managers/operators about the O&M
services they receive, and with utility and energy efficiency program representatives involved with O&M-
related activities.

Throughout the course of the project we solicited feedback from our advisory team members and others
we had contacted about the O&M rating system concepts we were developing. We used this feedback to
further refine the rating system and to raise issues that might need to be addressed later.
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3. METHODOLOGY

A literature review of O&M programs and energy usage by buildings and building systems was
conducted. This review included research reports on O&M practices, programs aimed at improving
O&M practices, and O&M guidelines, tips, and standards (see References). The literature review
provided input on current practices, needs, and opportunities.

3.2 DEVELOPING THE O&M RATING SYSTEM

The steps in developing the O&M rating system concept included defining the scope of our project, what
we were rating, the parameters to be rated, and development and refining of the beta version of the rating
system.

3.2.1 Scope

During the initial scoping of this pilot project, it was proposed that small, medium and large buildings and
a variety of HVAC systems would be addressed, and the pilot buildings would represent these building
types and systems. As the project team researched the literature and gained input from advisory team
members and industry stakeholders, it became clear that this range of building sizes and types of HVAC
systems would add far too much complexity and was overly ambitious given the limited project
resources.

Focus was directed to the O&M market for small- to medium-size office and retail buildings. This sector
of the O&M market generally outsources O&M services, making this a prime target for a concise package
of practical performance metrics. For these buildings, in-house expertise and understanding of building
systems and performance issues are generally very limited to non-existent. The result is that HVAC
systems operate under less-than-optimal conditions because the owner/manager and/or occupants do not
perceive a problem, do not understand the alternatives, and rely completely on their O&M service
contractor to maintain and control the building in an efficient manner. These buildings also tend to have
packaged roof-top HVAC systems, which simplifies rating system development.

3.2.2 What Is Being Rated

One issue that came up in the initial phase of the project was whether we were rating O&M services or
rating buildings. We considered the purpose of the project and market needs. It was determined to use
individual scoring to represent a particular building’s performance relative to distinct performance
parameters. Therefore, the project focused on rating building performance, not O&M services.

3.2.3 Parameters to Be Rated

To meet the goal of improved building performance for commercial and institutional buildings, the
project team — collaborating with the three advisory teams, O&M contractors, and the pilot building
owners/managers — identified a set of inter-related building performance rating tools. It was determined
that, beyond preventive and corrective maintenance services for HYAC equipment, there are other vitally
important performance factors necessary to evaluate an individual building’s performance. Clearly a
number of building performance metrics would be necessary to effectively evaluate, rate and recommend
the most important building performance parameters. The range of metrics suggested included:

Building energy use and trending
Evaluation and documentation of HVAC system performance

Evaluation of the O&M service package and delivery

~n ~h ~~ ~—h

Subjective building performance assessment by occupants
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3. METHODOLOGY

f Thoroughness of building O&M policies and procedures, and education and training
f Routine building walk-through assessment

f Energy and lighting audits, commissioning, efficiency studies

f Building O&M management factors

The rating system also needed to focus on the essentials and be provided in a user-friendly format such
that an O&M contractor could conduct the rating within a reasonable timeframe, and without the need for
significant additional training, instruments, or tools. Through literature review and advisory team
discussions, four key parameters were ultimately identified as critical areas to be developed.

1. HVAC system condition, operation, functionality, and maintenance
2. Building energy performance based on actual energy usage

3. Occupant satisfaction and input

4. Routine building walk-through assessment

Through attention to these four elements, a contractor and owner/manager can quickly arrive at an
understanding of the current building performance and discuss options for interventions and
improvements. A building’s performance cannot be adequately understood without a comprehensive
evaluation — for example using only an energy usage value does not ensure optimum equipment
performance or occupant satisfaction. A meaningful, multi-faceted rating system allows frequent
evaluation and tracking of these different metrics over time, to ensure the building performance remains
constant or is being improved. The Discussion section of this report (Section 5) provides more
information on the selection and development process for these parameters.

3.2.4 Rating System Development

The development of the rating system was an iterative process. This included consideration of the form
of the ratings (labels such as stars, scores, etc.), how they would be summarized, formatting and
appearance, what building systems to include, protocols, determination of scores, existing
materials/protocols/approaches that could be used, and addition/removal of elements. Initial formats were
more conceptual, with detail being added to later versions. We shared our concepts with advisory team
members and contractors to obtain their feedback.

3.2.5 BETA Version of the Rating System

A BETA version of the rating system was ultimately developed and formatted into a rating system
notebook. The BETA system notebooks were distributed for review and critique to project advisors,
industry stakeholders, and energy/HVAC technical professionals. The notebooks also included a
reviewer questionnaire to guide reviewer feedback and critigue and prompt suggestions for
improvements. Of the 25 notebooks distributed, feedback from reviewers was very limited, and no
completed survey questionnaires were returned. The BETA version was also presented, discussed, and
reviewed at various venues including energy workshops, building operator trainings, national
conferences, and industry meetings. Subsequent modifications were incorporated based on this wide
review process.
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3. METHODOLOGY

3.3 CONDUCTING TESTING IN PILOT BUILDINGS

Six pilot buildings were recruited to gain field experience during the development and refinement process
of the various rating concepts and tools through interaction with the building owner/managers, building
occupants, and the individual O&M service providers (see Appendix B — Pilot Building Testing). The
practicality and relative effectiveness of various approaches and tools were tested and evaluated in the
context of these buildings. Real-time instrumentation was installed in pilot buildings to monitor basic
operation and performance of the HVAC systems, occupied zone temperatures and relative humidity.
Indoor carbon dioxide concentrations were logged as an indicator of outside air ventilation. Occupant
satisfaction surveys were conducted and scored. Energy usage of the buildings was determined using the
Environmental Protection Agency Portfolio ManagerProgram.

The initial scope of the project suggested creating a training curriculum and providing training, and
developing some representative marketing materials. Through interaction with the pilot building
contractors it was clear that developing a set of unique training and technical materials was unnecessary.
Again, an important objective of the project was to create systems and tools that could be adopted and
used by O&M contractors without the necessity for additional skills training. Also in keeping with this
objective, the rating system we developed provides a straight-forward three-step implementation
procedure for each component, and the HVAC equipment scoring includes detailed protocols. As the
rating system is further developed, education and supporting materials such as case studies and marketing
materials should be created.
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4. RESULTS

4. RESULTS

The goals of the project were met through development of a building performance rating system that
provides for a relatively low-tech method to gauge multiple facets of building performance. Advisory
teams and pilot buildings were engaged in developing, testing, and refining various approaches and
models. Key objectives for the system were practicality, broad applicability, meaningful scoring, and
ease of use.

Our research suggested the need for a rating system that focused on building performance and conditions
rather than prescriptive practices. We also saw the need for a multi-faceted approach to more
comprehensively evaluate a particular building’s performance. For example, we have incorporated
existing performance benchmarking systems such as the Environmental Protection Agency’s Energy Star
Portfolio Managerinto the rating system, but an Energy Star rating alone does not provide evidence of
optimized equipment function, occupant satisfaction, or good-practice management and operation of the
building and systems. The project’s advisory teams provided unique insights and guidance throughout
the process of creating a concise set of rating tools, which are described in this section.

4.1 OVERALL DESCRIPTION OF THE RATING SYSTEM

Five building performance parameters were identified, and detailed scoring methodologies and
implementation protocols were established where appropriate and practical.

1. Optimized Operation and Maintenance The condition and performance factors of roof top
units (4 to 20 ton) are scored. Each roof top unit (RTU) is evaluated and a score assigned
comparing “As-Found” with “As Left” conditions and performance. These scores are recorded
on a one-page RTU Score Card that serves as documentation. A set of protocols guide the service
provider through the equipment assessment and scoring. The protocols are aimed at creating a
standardized scoring metric focusing on those measures that are not generally part of a “routine”
O&M practice or service contract, yet significantly impact energy and unit/building performance.

2. Building Energy Usage The energy consumption of the building is analyzed and an energy
performance score is determined using the U.S. Environmental Protection Agency Energy Star
Portfolio Manager As an alternative, a simplified Energy Use Index (EUI) worksheet is
provided. This electronic spreadsheet-based worksheet uses commercial energy use data from the
U.S. Department of Energy’s Energy Information Agency (EIA) Commercial Buildings Energy
Consumption Survey (CBECS).

3. Occupant Survey The building’s occupants are surveyed through a concise two-page Occupant
Survey to determine their degree of satisfaction/dissatisfaction with the building and building
systems. Elements include comfort, lighting, noise, odors, and impacts on productivity. The
survey also provides the building owner/manager and the O&M contractor with additional
occupant feedback in terms of specific actions occupants take in response to real or perceived
deficiencies (i.e., use of fans or space heaters, blocking of supply diffusers, etc. to improve
comfort). This information allows more energy efficient corrective actions by the owner/manager
and/or O&M contractor (reducing the need for occupants to take individual actions, which are
often inefficient and even counter-productive). An electronic tally sheet and Score Card are
provided.

4. Routine Building Walk-through Performance AssessmentThe building performance “walk-
through assessment” was suggested late in the project, precluding sufficient time and resources to

JKOBN NCEMBT-090417




4. RESULTS

develop a thoroughly reviewed and fine-tuned protocol and scoring mechanism. The assessment
was suggested to supplement the other elements in the rating system, which may not always be
sufficient to achieve optimized building performance. Routine assessment of the building and
systems through a practical checklist-driven approach (incorporating observations, basic
measurements, and discussions) provides opportunities to recommend interventions or
recommend further study. Basic good practice interventions can often result in low-cost/no-cost
improvement of building performance — and immediate payback — in terms of energy, reliability,
comfort, productivity, and durability.

5. Recommendations for Advanced Building Performance Management. Seven key areas of
building management are provided. Managing buildings and operations for optimum performance
is widely promoted and is considered an essential element for improving building performance.
A scoring system for these measures was considered, but was ultimately deemed impractical by
the project team and advisors because these management practices are different from the other
more performance-based elements of the rating system.

Summary Score Sheet

All four scores (elements 1-4) are presented on the “Building Performance Summary Report”
(Figure 1) which provides the owner/manager (decision maker) and O&M contractor a basis on
which to discuss levels of O&M services, upgrades, interventions, and capital improvements. It
is expected these discussions will also include cost-benefit analysis, and the possible need to
secure the services of a specialist such as a commissioning agent, energy auditor, lighting
specialist, etc. Over time the trending of scores provides all parties with essential feedback on
which to modify service agreements (practices) and other approaches to ensure building
performance is sustained and even improved.
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s,

m Building Performance
| svic manve mosmam  SumMmary Report

Matianal Certer for Encrgy Managemens Sullding Techrsatogves

Client:
AB'_’ Building:
” - Contact:
ARMN HVAC Services, Inc. Address:
1234 Entropy Clrcle City:____ State: __ :Zip___
Olvrrpria, WA PHSN Fhone (voice):
BGOORT-6 544 Phone (cell):_
v el oo FAX:
Email:
Operation & Maintenance Rating = —
maximum score = 100 Box 1

Optimized Equipment and Systems [ From RTU Score Cards ]

Building Energy Performance =

(Box 2-A or Box 2-B) —
Energy Use Index From EUI Worksheets = D Ho 2

Energy Star Portfolio Manager

maximum score = 100

From Energy Star Website -[:] Rox 28

Occupant Satisfaction =

maximum score = 100

Box 3
Occupant Satisfaction From Occupant Survey

Building Performance Walk-Through =

maximum score = 100

Building Walk-Through Assessment

Box 4
From Walk-Through Checklist

Figure 1. Building Performance Summary Report

(VA NCEMBT-090417




4. RESULTS

4.2 ROOF ToP UNIT SCORE CARD AND PROTOCOLS: RATING PARAMETER #1

A concise one-page “Roof Top Unit OptimizedService Score Card” (RTU Score Card) was created
(Figure 2). In practice, each RTU HVAC system is evaluated in terms of initial As-Found condition and
functionality, and these scores assigned on the RTU Score Card. Subsequent to the O&M service
provider’s inspection, service, adjustment, and repair, each RTU unit is again scored in terms of the As-
Left condition.

Roof TOp Unit Roof Top Unit ID: Date: Technician: ____
: Zone Served:
Optimized Service Score Card Type: Gas Pack[] HeatPump[] Electric Strip Heat[]
ConstantVoume[ ] 100% OSA[ ]

Ratings: 0 = Failed or Not Checked 1=Poor 2=Good 3=Optimum N/A = Not Applicable

IT
Equipment or Component | [condition or Status  ||Comments & Recommendations

protocol | THERMOSTAT As - Found As - Left

T4 Thermostat Type i

T2 Thermostat Set-Points
protocal |ECONOMIZER As - Found As - Left

E1 Qver-all Economizer Functionality

E2 Sensor Check

£ Controller Logic / Functionality | >

E4 Return Air Damper

ES Outside Air Damper

Es Economizer Air Flows >

Protocol |DEMAND CONTROLLED VENTILATION As - Found As - Left

Bovt Demand Controlled Ventilation >
Protacol |COILS & FILTERS As - Found As - Loft
GF1 Indoor Cail
o2 Outdoor coil =
CcF3 External Static Pressure
CF4 Filters
Protocol |REFRIGERANT CHARGE As - Found . As - Left
cHE-t Refrigerant Charge Check | >
Frotocot |BLOWER [ EVAPORATOR AIR FLOWS As - Found As - Left
AP Blower/Evaporator Air Flow Check
Protocol {GAS HEAT As - Found As - Left
GHA Gas Heat System Functionality Check | >
protocol |ELECTRIC HEAT PUMP - | |as - Found s -Left
EHPA Electric Heat Pump Functionality Check

As - Found As - Left
Add Ratings for Roof Top Unit Total Score >

Total Possible Points = 50  (add all RTU Unit Scores, Divide by number of Units, Multiply x 2 = 100 Points)

Figure 2. RTU Score Card
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Three-Step Method

The rating system provides a three-step method to determine RTU scores:
Step 1:Complete a separate RTU Score Card for each Roof Top Unit

Step 2:Calculate total score (add all Roof Top Unit scores, divide by total number of units,
multiply by 2)

Step 3:Enter total score for Optimized Roof Top Unit O&M in Summary Report (Box 1)

A maximum score of 50 represents an optimized unit. The scoring was designed to be as simple and easy
as possible, resulting in a scoring range of 0 to 3 for most of the RTU elements (a number of more
complex scoring systems were considered, but ultimately deemed too complicated and unnecessary).
Since most small- to medium-size office buildings will often have more than one RTU unit, scores for all
units are added together. The resulting total score from all units is divided by the number of RTU units,
then multiplied by two to produce a final composite score for all the building’s RTU systems. A
maximum total score of 100 is possible and is reported in the Summary Report. A quick review of each
completed Score Card identifies which units are optimized and which units need additional service,
adjustment, or repair as described in the “Comments” section.

The RTU individual score cards provide a historical record of each unit’s service, functionality, and
condition over time. Both contractor and client can easily track individual RTU equipment conditions
and performance over time allowing meaningful negotiations toward effective services to ensure
optimized equipment performance and reliability. Higher scores reflect quality O&M services and
functionality of equipment, while trends toward lower scores promote discussions for additional services,
repairs, interventions and equipment upgrades or replacement.

The purpose of the RTU Score Card is to enable optimizedservices and document performance. Routine
and basic industry “good practices” such as lubrication, belts, drains and condensate lines, cleanliness,
filters, etc. are prerequisites and are assumed as being performed. Given the absence of a universally
accepted set of routine “industry standard” maintenance guidelines and protocols for RTUs, the O&M
contractors are encouraged to continue to use their current checklists and service protocols to meet these
basic tasks.  Additionally, these contractor checklists for basic and routine services are necessarily
regionally and seasonally different, and thus beyond the scope of this project.

The RTU Score Card is used for each RTU, providing a quantified assessment of the condition and
functionality for eight critical performance areas: These eight performance areas were chosen through a
process of elimination using matrix that allowed the advisory members to rank a broad list of possible
performance areas in terms of relative importance. It was agreed that these are areas that are either
commonly overlooked, insufficiently checked, or not included in many “routine” O&M service
agreements.

1. Thermostat
Economizer

Demand Controlled Ventilation

Refrigerant Charge

2

3

4. Coils and Filters
5

6. Blower/Evaporator Air Flows
7

Gas Heat
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8. Electric Heat Pump

To standardize the scoring for the RTUs, O&M service technicians are provided with a two-page “Roof
Top Unit OptimizedO&M Protocols and Scoring” sheet (RTU Protocols, Figure 3) matched to the RTU
Score Card The RTU Protocols provide servicing and scoring guidance for each specific element under
the eight performance areas. For example, if an element is not inspected, or is non-functional, a score of
“0” is assigned. Increasing levels of functionality are assigned higher scores — up to a score of “3”.
These higher scores are assigned according to the protocols and scoring guidance provided. Increased
scores can be attained from adjustments, repair or replacement of components, and are reflected in the As-
Left score. More extensive scoring of “0” through “10” was discussed but judged as too complicated and
unnecessary. It is expected that O&M service providers will be able to quickly determine and record
these scores onto the one-page RTU Score Card for each unit.

Space is provided on the RTU Score Card for comments and recommendations to document condition
and functionality for each element. This documentation is a record of service details and informs the
building owner/manager of functionality and recommendations for energy, reliability, and performance
interventions and/or upgrades. Technical resources, specific guidance and methodology can be developed
and added to complete these protocol and scoring documents.
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16

— —— -
Roof Top Unit Page 1
Optimized O&M Protocols and Scoring
Component Protocols and Scoring Guidance
Thermostats and Set-Points
T- | Scoring |Thermostat Type (assumes commercial stat installed; if not, must install. Heat pumps must have heat pump T-Stats)
0 does not work
1 Functions but only has 1 stage cooling
2 Has 2 stages cooling and wired correcity on roof
3 2 stages cooling and morning warmup feature available
T-2 | Scoring |Thermostat Set-Points |
0 not checked
1 checked only and noted probl ; did not adjust
2 adjusted heating/ coolign setpoints/schedules
3 same as previous plus enabled morning warmup
Economizer
E-1 | Scoring |Over-all Economizer Functionality
) ot checked
1 does not function; two or more comp ts bad but repairable
2 does not function; one or more components bad but repairable
3 all functions operate
E-2 | Scoring |Sensor Checkout
0 not checked
1 presence of outside, mixed, return (if installed} confirmed
2 sensor output checked vs expected val
3 sensors agree to within 5% of expected and/or bad sensor(s) replaced
E-3 | Scoring |Controller Logic / Functionality
0 not checked
1 minimum air or change-over works; other function does not (replace)
2 works OK; cannof support DCV
3 |works OK; can support DCV]
E-4 | Scoring |Return Air Damper
o not checked
1 disconnected, broken, non-fuctioning
2 binding, not full stroke, greater than 20% leakag
3 fixed damper; closes fully
E-5 | Scoring |Outside Air Damper
0 not checked
1 disconnected, broken, non-fuctioning
2 binding, not full stroke
3 |fixed binding damper
E-6 | Scoring |Economizer Airflows
0 not checked
1 damper positions as expected (equals "visual check” of min and max airflows)
2 measured at least one air flow using approved method
3 measured both flows using approved method; adjusted as needed
Demand Controlled Ventilation -
DCV-1 | Scoring |Demand Controlled Ventilation
MN/A _|DCV System Not Installed
0 not checked
1 passifail sensor check (responds when exposed to CO,)
2 sensor checks out; system performs as designed
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Roof Top Unit Page 2
Optimized O&M Protocols and Scoring

Coils and Filters

CF-1 | Scoring | Indoor Coil (Cleaning of evaporator coils improves capaciiy)
0 not checked
1 checked for major blockages; not cl
2 major soil removed with air or water
3 leand with approved coil cleaner

o

CF-2 | Scoring |Outdoor Coil

o not checked

1 checked for major blockages; not cl d
2 major soil removed with air or water

3 1 d with approved coll cleaner

CF-3 | Scoring | External Static Pressure

0 not checked

1 checked to make sure all registers open and return grilles not blocked

2 hecked ESP; found <nameplate (or 1" WC if no nameplate for standard blower)

3 checked ESP; found <1" WG for standard blower; fixed problem{s) contrib. to high ESP

CF-4 | Scoring |Filters (Replace as needed for normal PM before testing)
0 ne filter

1 significant by-pass

2 high static or other problem; no significant bypass

3 correct type & tight fit. Pressure Drop OK

Refrigerant Charge

CHG -1| Scoring |Check Refrigerant Charge

0 not checked

1 hecked in ling or heating modes (heat pump) using temperature split method
2 checked using superheat / subcooling method

3 checked using superheat / subcooling method; adjusted charge

Blower/Evaporator Air Flow

AF-1 | Scoring |Blower/Evaporator Air Flow
0 blower / flow not checked
1 checked amp draw and compared to expected value
2 adjusted/replaced blower belts as indicated
3

p

measured/adjusted airflow with approved method

Gas Heat
GH 1 Scoring Functionality (Basic safeties MUST be checked and replaced as needed as part of testing.)
0 not checked
1 h d ignition seq of operation; unit fires and runs for at least 5 minutess
2 as above; and temp rise in expected range
3 as above; and bustion efficiency checked;
burners cl d andior gas valve pressure adjusted

|Electric Heat/Heat Pump
EHP-1 | Scoring | Functionality
1] not checked
1 Seq of ops ok; compressor-only operation on Stage 1 heating (HP)
2 temp rise as expected; make any needed repairs to heating side

3 check heat pump charge (operating pressures vs targets);

remove strip heat operation from stage 1 heating as

ded

Figure 3. RTU Protocols
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4.3 BUILDING ENERGY PERFORMANCE: RATING PARAMETER #2

The project recognized the critical importance of rating a specific building in terms of energy usage.
Energy use trending and indexing provides the owner/manager and the O&M service provider with a
useful benchmark of the building’s energy performance relative to similar buildings.  When the
building’s energy performance is coupled with the scores from the HVAC equipment, occupant
satisfaction, and walkthrough assessment, then targeted services and upgrades can be strategically
discussed and implemented.

The rating system promotes the use of the Environmental Protection Agency’s (EPA) Energy Star
Portfolio Managerto obtain a useful energy performance benchmark. The project selected Portfolio
Managerbecause it is one of the most widely known and available benchmarking system for commercial
buildings. For users who would prefer not to use the web-based Energy Star program, we also provide a
streamlined Energy Use Index (EUI) Worksheet.  The building’s energy use index value can be
calculated manually, or more easily calculated using the electronic worksheet provided. Either the
Energy Star or simplified EUI approach is acceptable, and can be completed by the O&M contractor or
owner/manager with no specialized training required.

Three-Step Method

The rating system provides a three-step method to calculate building energy performance (compared to
similar buildings), which is applicable to Energy Star or EUI methods:

Step 1:Collect basic building parameters and previous energy usage from utility records.

Step 2:Compare your building’s energy performance to similar buildings through either the
Energy Use Index worksheet or the U.S. EPA Energy Star Portfolio Manager web-based
program.

Step 3:Enter the results from the EUI worksheet or the Energy Star Portfolio Manager on the
Building Performance Summary Report (Box 2

Energy Star Portfolio Manager

While the rating system provides an alternative EUI method, we encourage use of the U.S. Environmental
Protection Agency’s (EPA) Energy Star Portfolio Manager According to the EPA, the Energy Star
Portfolio Manageris “A user-friendly, secure, and powerful web-based program for all types of
commercial and institutional buildings to track and benchmark energy use over time

The program is available free attps://www.energystar.gov/istar/pmpam/. Users are required to register
with a self-selected Username and Password and then provide the necessary data as requested.

Some buildings can benchmark energy usage relative to a national population of similar buildings using a
scale of 0 to 100:

A rating of 50 indicates that the building, from an energy consumption standpoint, performs better
than 50% of all similar buildings nationwide, while a rating of 75 indicates that the building performs
better than 75% of all similar buildings nationwide. Similar peer groups of buildings across the nation
are identified by the Commercial Building Energy Consumption Survey (CBECS) conducted by the
U.S. Department of Energy.
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To receive an energy performance rating, users must enter data from energy meters that account for all of
the building’s energy use (all fuel types). This data must include at least 11 consecutive calendar months
of energy data for all active meters — for multiple meters, data must be for 11 consecutive and
overlapping months.

Additional key operating characteristics are also needed for each building space. These characteristics
ensure your building falls into an operation pattern consistent with a peer group of buildings used for the
performance comparison. Key characteristics include (some exceptions apply):

f Building must be at least 5,000 square feet gross
f Need to enter at least 11consecutive months of data for all operation characteristics
f Must be in operation at least 30 hours per week
f Must contain at least one personal computer or cash register
f Each space must contain at least one worker during main shift
Figure 4 provides a list of input values to facilitate data collection and entry into Portfolio Manager.

ENERGYSTARPORTFOLIMANAGER- BASIANPUTS

Building Name:
Address City/State/Zip
Year Built
Brief history of remodel/additions/renovations

Type of facility

Single facility with ownership or management of 90% more of space? %
Portion of single facility with ownership or management of less than 90% of space?
Owner % Other %

Space Use
Gross floor area __ (sq ft)

Weekly operating hours
Workers on main shift

#PCs _

% of space with air conditioning __ %

% of space with heating _ %
Energy Usage

What types of energy does the facility use?
How many meters?
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Provide at least eleven consecutive months of energy use data
Energy Meters

1) Meter name

Serves entire facility? Yes _~ No

Space Identifier

Energy Type

Energy Units

2) Meter name
Serves entire facility? Yes __~ No
Space Identifier
Energy Type
Energy Units

3) Meter name
Serves entire facility? Yes __ No
Space Identifier
Energy Type
Energy Units

4) Meter name
Serves entire facility? Yes __~ No
Space Identifier
Energy Type
Energy Units

Note spaces for parking lots if on main meter — open or enclosed
Note computer centers

Water Meter —
How many water meters?
Type: Indoor Outdoor

Figure 4. Energy Star Portfolio Manager— Basic Inputs

Energy Use Index Calculator

A basic, easy-to-use spreadsheet program is provided for those who would prefer not to use the web-
based Energy Star Portfolio Managerprogram. The user needs to enter only eight input values in spaces
provided and the spreadsheet automatically calculates the EUI. This streamlined tool produces a basic
energy usage value represented in Thousands of BTU (British Thermal Units) per square foot on an
annual basis. While not as powerful as the Portfolio Manager,this is an easy and useful tool and is
provided as an option. An example of the EUI spreadsheet worksheet calculator is provided in Figure 5.
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Figure 5 EUI Worksheet

Energy Use Index Calculator - Advanced (example)

Values for Principal Activity Code and Building Square Footage are required. Other values are optional (enter '0' if the value is unknown)

To find numbers for Principal Activity Code and Census Region and Division, use the drop-down menus under Choices or find in lists below.
Enter these numbers in the S urvey Values column

Weighted Total (EUI x SF)

Survey Categories Survey Values FACTOR  Choices (use Drop Down Menus or select from lists below)  AV(:
Principal Activity Code (required)* 4 242.90 Inpatient: 5 ................ 109.5
Open Hours per week 168 142
Building Square Footage (required)* 200,000 1.00
Number of Computers 100 1.01
Year Constructed 1950 0.94
Census Region and Division 13 0.67 Pacific: 13 .......ocoveeve.e
TOTAL FACTOR ' 0.90
TOTAL ENERGY USAGE 43,483 Million Btus per year

ENERGY USAGE INDEX Thousand Btus per square foot per year

Principal Building Activity Census Region and Division
Education: 1 [Northeast:1 |
Foorl Sales: 2 | | New Enaland: 9 |

Figure 5. Energy Use Index Worksheet
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