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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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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  
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: 

 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 HVAC O&M service providers. 

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

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

 The O&M and HVAC service delivery industry, 

 HVAC and energy technical professionals, and  

 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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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 HVAC 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  

 Subjective building performance assessment by occupants 
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 Thoroughness of building O&M policies and procedures, and education and training 

 Routine building walk-through assessment 

 Energy and lighting audits, commissioning, efficiency studies 

 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 critique 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. 



3. METHODOLOGY 
 

 

 NCEMBT-090417 

 

9 

 

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 Manager Program. 

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 
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 Manager into 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 Assessment. The building performance “walk-
through assessment” was suggested late in the project, precluding sufficient time and resources to 
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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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Figure 1.  Building Performance Summary Report 



4. RESULTS 
 

 

 NCEMBT-090417 

 

13 

 

4.2 ROOF TOP UNIT SCORE CARD AND PROTOCOLS: RATING PARAMETER #1 
A concise one-page “Roof Top Unit Optimized Service  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.     

 
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 optimized services 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 

2. Economizer 

3. Demand Controlled Ventilation 

4. Coils and Filters 

5. Refrigerant Charge 

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 Optimized O&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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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 Manager to obtain a useful energy performance benchmark.  The project selected Portfolio 
Manager because 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 Manager is  “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 at https://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. 

 

https://www.energystar.gov/istar/pmpam/
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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): 

 Building must be at least 5,000 square feet gross 

 Need to enter at least 11consecutive months of data for all operation characteristics 

 Must be in operation at least 30 hours per week 

 Must contain at least one personal computer or cash register 

 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. 

 

ENERGY STAR PORTFOLIO MANAGER – BASIC INPUTS 

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? ____ 

 



4. RESULTS 
 

 

 NCEMBT-090417 

 

20 

 

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 Manager program.  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.  Energy Use Index Worksheet 
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4.4 OCCUPANT SURVEY OF BUILDING PERFORMANCE:  PARAMETER #3 
A concise two-page occupant satisfaction survey was developed.  The “Occupant Rating of Building 
Performance” (Occupant Survey, Figure 6) provides a subjective assessment of a building’s performance 
from the occupant’s perspective.  Even a well maintained and operated HVAC system is not totally 
optimized unless it results in satisfied occupants (increased productivity is assumed).  Ultimately, 
buildings  are  for  the  use  of  the  people  that  occupy  them,  and  user  feedback  is  a  valuable  performance  
measure. The project recognizes the importance of both occupancy feedback and the more detailed 
technical (quantitative) building performance walk-through assessment (Parameter #4). The Occupant 
Survey can be distributed electronically or in hard copy to occupants.  

  
(Occupant Rating, page 1) 
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(Occupant Rating, page 2) 

Figure 6.  Occupant Survey 
 

The survey provides useful insights to the O&M service provider, the walk-through assessment individual 
or team, and the building owner/manager.  These insights into the performance of a building are generally 
not currently revealed to a building owner/manager in a standardized manner, and rarely provided to an 
outsourced O&M contractor.  Survey elements include comfort, lighting, noise, odors, and impacts on 
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productivity.  Building occupants provide satisfaction ratings (on a scale of 1 to 5) for one or more 
questions within each of these elements. The overall occupant rating is based on a compilation of the 
scores for each element.  Beyond generating a standardized 100 point score, the survey also provides the 
building owner/manager and the O&M contractor with occupant feedback on overall building 
performance and in terms of actions occupants take in response to real or perceived deficiencies.  For 
example, when occupants become uncomfortable they may respond through the use of space heaters or 
fans, adjust thermostats, block diffusers, or take other actions that can often negatively impact building 
performance. These occupant actions (reactions) suggest deficiencies with the building’s HVAC system.  
This information allows more energy efficient corrective actions by the owner/manager and/or O&M 
contractor, and reduces the need for occupants to take individual actions. 

An “Occupant Survey Score Card” (Figure 7) is provided to assist in tallying and presenting the survey 
results and occupant comments.  The score card can be completed manually or by using an electronic 
spreadsheet version that automatically tallies the responses and produces a total score.  A brief summary 
of occupant responses to four open-ended questions provides the building owner/manager and the O&M 
contractor with insights into the building performance. 

The rating system provides a three-step approach for determining an occupant satisfaction score:  

Three-Step Method 
Step 1: Distribute the Occupant Survey via email or hard copy (explain that this is a voluntary, 
proactive approach toward energy efficiency, sustainability, occupant satisfaction, indoor 
environment, and productivity). 

Step 2: Collect surveys, tally the responses and determine scores for key criteria using the 
Occupant Survey Score Card. 

Step 3: Enter the occupant survey score on the Building Performance Summary Report (Box 3). 
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Figure 7.  Occupant Survey Score Card 
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4.5 BUILDING PERFORMANCE WALK-THROUGH ASSESSMENT: PARAMETER  #4   
As has been mentioned, the performance of a particular building should be assessed on a number of 
levels.   A building’s design and construction details as well as the day-to-day operation and activities in 
the building can have a significant impact on energy usage, comfort, and occupant satisfaction.  The 
project developed a “Building Performance Walk-Through Assessment” tool (Walk-Through Checklist, 
Figure 8).  This tool is designed to be used by an O&M contractor or other technician with a fundamental 
knowledge of building science and energy.    

The energy savings potential from walk-through assessments is often limited, and the bottom-line impacts 
of comfort, productivity and occupant satisfaction can be difficult to calculate.  Therefore, detailed and 
technical audits are generally not justified on a cost-benefit basis.  In spite of the relatively limited 
“payback,” understanding the details of how a building is performing and is being operated is an 
important element toward optimization. Focusing and limiting this effort delivers the greatest benefit. 

To fill this need, the walk-through assessment is intended to pick the “low-hanging fruit” of energy 
savings and equipment function, be conducted in an hour or less, and employ the technical skills of a 
practicing  O&M technician.    Unique  benefits  are  realized  through  the  process  of  the  O&M technician  
observing first-hand the delivered performance of the HVAC equipment and the opportunity to discuss 
issues with the owner/manager and occupants. The Walk-Through Checklist includes ten categories and is 
scored on a 0 to 10 Lykert Scale.  The scoring methodology is designed to provide the building 
owner/manager with a set of relative values that indicate areas where savings can be realized, other 
improvements can be made, or where more study is needed   

The walk-through team or individual is encouraged to summarize observations, measurement results, and 
comments into a brief report with suggestions for improvements or additional study.  Comments and 
recommendations might include specific recommendations for more efficient operation, additional checks 
or measurements that are needed, or additional services from a specialist that may be indicated.   

Three-Step Method 
The rating system provides a three-step approach to assess the building’s performance based on a walk-
through assessment: 

Step 1: Review the RTU score and the Building Energy Performance score, and study the 
Occupant Survey results. 

Step 2: Using the Walk-Through Checklist as a guide, conduct a building performance walk-
through assessment, score conditions, and note issues needing additional study. 

Step 3: Add Walk-Through Checklist scores and enter the result on the Building Performance 
Summary Report (Box 4). 

This parameter was assigned and developed late in the project and should be considered as a basic model 
toward the future development and refinement of an industry-standard assessment tool.  Creating a 
meaningful scoring method for this parameter – as was accomplished for the other parameters – requires 
significant trial and error refinement.     
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Figure 8.  Walk-Through Checklist 
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4.6 ADVANCED BUILDING PERFORMANCE MANAGEMENT: PARAMETER  #5  
Building owners/managers do not always recognize the value of investing in improved building 
performance for energy efficiency, occupant satisfaction, and reliability of HVAC systems.  Too often, 
building operation and maintenance is seen simply as a cost of doing business and a line-item to be 
addressed at the least possible cost.    

The project developed a set of “Advanced Building Performance Management Measures” that address 
effective building management (Figure 9).  Best practices management elements were identified that 
provide information and documentation that support and verify improved building performance 
management – these were refined and compiled into seven categories: 

1. Energy audit 

2. O&M Service Provider Training 

3. Building Operator Certification Training 

4. Operating Plan, System Narrative, PM Narrative 

5. Documenting Building Cost Impacts 

6. Existing Building Tune-Up (retro-commissioning) 

7. System Level Monitoring  

Each of the proposed building management elements includes a statement of “intent” and a brief 
explanation  of  the  “requirements”  necessary  for  implementation.   Most  of  these  elements  are  LEED  
prerequisites or LEED eligible.  

As the rating system was developed, we initially proposed a couple of scoring methods for this parameter.  
Ultimately it was determined that an effective scoring method did not fit in the rating system as these 
seven elements are recommendations rather than performance measures.  Another difficulty with scoring 
is the fact that implementation of these measures generally encompasses a wide time frame, often in terms 
of years, making tracking and trending difficult. 

A three-step process for determining and presenting the Advanced Building Performance Management 
scores  was  also  proposed.   This  is  provided  below for  information  purposes,  in  spite  of  the  fact  that  a  
score  is  not  reported.    As  the  rating  system  is  further  developed,  a  practical  scoring  method  may  
ultimately be created. 

Step  1:  Review the rating scores from the Building Performance Summary Report and the 
findings from the Occupant Survey and the recommendations from the walk-through assessment. 

Step 2: Review “Advanced Building Performance Management Measures” options 1-7 with 
qualified experts to determine which options may result in the greatest potential to improve 
building performance.  

Step 3: Implement and document the selected options as they are completed. 
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ADVANCED BUILDING PERFORMANCE MANAGEMENT MEASURES 
1 Energy Audit 

 Intent....Conduct a building energy audit to identify opportunities for energy savings. 
 Intent....Conduct a building and site lighting audit to identify opportunities for  
 ....Lighting quality improvements and energy savings. 
 ....LEED EB prerequisite and credit 
 Requirements....Conduct a building energy audit using ASHRAE Level 1 or 2 
 ....Conduct a lighting audit - [a lighting audit only can be performed for partial credit] 

2 Training: O&M Service Provider Training 
 Intent.... Continuing education and skills development for O&M service providers. 
 ....High performance building. 
 ....LEED EB eligible 
 Requirements ...O&M service providers complete the Builder Operator Certification training or  
 ....become a LEED Accredited Professional. 
 ....Level 2 energy survey and analysis approaches. 

3 Training: Builder Operator Certification 
 Intent ...This training is design for in-house operations and maintenance staff and  
 ....building managers.  The course work is designed to address all major facets of  
 ....building performance. LEED Accredited Professional 
 Intent ...Develop the capability of facility staff to operate and maintain a  
 ....high performance building. 
 ....LEED EB eligible 
 Requirements ... In-house O&M Staff complete the Builder Operator 
 ....Certification training or attain a LEED Accredited Professional. 
 ....Level 2 energy survey and analysis approaches. 

4 Operating Plan, System Narrative, PM Narrative 
 Intent ...Ensure up-to-date building operation and maintenance documentation exists. 
 ....LEED EB prerequisite. 
 Requirements ...Check documentation describing system operation, system descriptions, 
 ....preventive maintenance and update as needed. 

5 Documenting Building Cost Impacts 
 Intent....Document building operation and maintenance costs to identify the  
 ....benefits of adopting best practices. 
 ....LEED EB eligible 
 Requirements ...Track utility costs and other costs for operating and maintaining the building. 

6 Existing Building Tune-Up (Retro-commissioning) 
 Intent.... Implement a process to ensure the major building energy systems are operating 
 ....  in a manner that meets occupant needs and optimizes energy performance. 
 ....LEED EB eligible 
 Requirements.... Existing building commissioning is a multi-step process that includes an  
 .... investigation, implementation, and ongoing phase 

CA
TE

G
O

RY
 

7 System Level  Monitoring 
 Intent.... Collect energy use information for major building systems to inform operation  
 ....and maintenance practices. 
 ....LEED EB eligible 
 Requirements ...Use a building automation system (control system) or stand-alone metering to  
 ....collect energy use information for major building systems. 

Figure 9.  Advanced Building Performance Management Measures 
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5. DISCUSSION 
5.1  BACKGROUND 
This project was a creative, concept approach developed to provide a practical method to rate building 
performance.  The building performance ratings developed are essential for reporting and tracking actual 
building performance.  Building performance metrics can be contrasted to the commonly available lists of 
practices, interventions, and/or upgrades.  Adopting and implementing upgrades may or may not result in 
improved performance.  Incorporating performance metrics, along with improved practices and upgrades, 
provides a method to evaluate the effectiveness of efficiency efforts, and continued tracking of 
performance. 

This pilot project pursued various approaches to offer creative alternatives to current O&M practice.  
Markets are complex, driven by many factors and if change were obvious or easy it would likely occur 
with limited outside encouragement.  Change often takes persistence, the application of multiple 
approaches, is generally non-linear, and the human element of “cultural change” is often a major barrier.    

Currently, the small- to medium-size office and retail building market sector is dominated by customers 
looking for the lowest available cost for O&M services.  When customers purchase services based solely 
on lowest cost, and absent of specifications, this drives competition down to a level where delivery of 
quality services is no longer competitive.  This “race to the bottom” environment results in services often 
characterized as “breakdown” maintenance or “emergency” maintenance.  Routine scheduled 
maintenance is limited to the absolute basics such as checking belts and filter changes.  While this is an 
approach that can be provided at the lowest-cost under a simple service contract, most experts agree that 
energy efficiency, reliability, and occupant satisfaction are often compromised.  The result is predictable:  
buildings are not operating at or near their potential, resulting in false economy.   

The development of the rating system necessitated a lengthy and thorough trial and error process. Project 
advisors, industry professionals, technicians, and building owners and occupants provided useful 
perspectives and suggestions through multiple reviews and refinement of proposed rating systems.  
Narrowing the scope of the project was a challenge due to the wide variety of suggested approaches, 
including some very elaborate and all-inclusive schemes. 

Through the literature review and discussions with the advisory teams and stakeholders some key 
outcomes were ultimately defined.   In general a rating system should: 

 Allow implementation by O&M trades persons with current skill levels 

 Provide for a concise and targeted HVAC O&M evaluation 

 Define protocols/methodology for each score or rating element 

 Provide useful documentation of HVAC condition and functionality for building owner/managers 

 Provide building energy use tracking 

 Include a building occupant satisfaction component 

 Include provisions for recommended building performance improvements 

Through discussions with advisory teams and O&M contractors, it was clear that O&M (essentially 
HVAC) was a primary element and must be rated or scored.  A number of O&M concepts and rating 
schemes were proposed and discussed.  Service contracts were obtained from large, medium and small 
contractors in the Pacific Northwest.  These ranged from one-page agreements to multi-page contracts 
complete with detailed checklists.  A typical one-page agreement establishes payment schedule and terms, 
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a short list of service items, frequency of visits, and hourly rates for additional services as requested.  The 
more detailed contracts provided checklists that ranged from a one-page form to more extensive 
checklists that included checks and services for each type of equipment with annual and seasonal details 
specified.   

A  typical  client  receiving  services  under  a  basic  agreement  receives  little  more  than  an  invoice  for  
“routine” service, while a client with a more extensive contract may receive copies of completed 
checklists.  The documentation received essentially indicates that the service was performed, notes repair 
parts, and may recommend upgrades (usually complete new systems and/or equipment).   

None of these agreements included a performance metric, or provided for detailed feedback to the client 
in terms of the “relative” performance of equipment.   None of these materials provided for tracking, 
trending, or comparing previous operating conditions or performance to the current conditions.    

Clearly, in order for a client to easily grasp the past and present functionality and performance of their 
HVAC equipment, a basic performance “report card” should be completed and shared with the client. 

It was determined that the rating system format should be concise and include only those equipment 
performance factors with the most critical impact on energy use, equipment reliability and comfort 
delivery (occupant satisfaction).  The next challenge was to create a scoring or labeling method to 
characterize the relative performance of a particular building or HVAC equipment.   Numbers or labels 
were deemed necessary to provide a building owner/manager with a ranking. Based on their building’s 
performance score or ranking, it is assumed that many owner/managers will be motivated to upgrade a 
“One-Star” building to a “Two-Star” or Three-Star” rating.  It was suggested that possible motivations for 
upgrades might include: a marketing advantage, tenant retention, employee retention, energy savings, 
equipment reliability, sustainability, reduced climate change impact, utility incentives, and other “Green” 
ideals, although cost savings is a major driver in small- to medium-size commercial buildings.  

5.2 WHAT SHOULD BE RATED 
Early discussions revolved around the issue of whether this system should rate a “building” or rate the 
O&M  “services.”   It  was  decided  that  this  system  should  rate  multiple  aspects  of  a  building,  and  that  
rating only the O&M services would clearly not adequately characterize a building’s performance. This 
decision was reached after considering options for rating O&M services. 

Using existing O&M service contracts and checklists – collected from small, medium and large O&M 
contracting firms – the team created a comprehensive list of O&M tasks and assigned a particular value to 
each.   The values assigned were intended to represent the relative importance in terms of energy 
efficiency  and  building  performance.   The  O&M  measures  were  also  categorized  as  basic  or  routine,  
required, recommended, and advanced or optimum.    

The next challenge was to assign a score or label to each task or category.  Some initial proposed scoring 
or “labels” included the following: 

 Good, Better, Best 

 Basic, Recommended, Advanced, Premium  

 1-Star, 2-Star, 3-Star, 4-Star, 5-Star  

 Poor, Fair, Good, Very Good, Excellent 

 Bronze, Silver, Gold, Platinum (borrowing from the U.S. Green Building Council LEED ratings)   

A building’s total score, calculated from the assigned values for each category would make the building 
eligible for a rating label of One-Star, Two-Star, Three-Star or a Bronze, Silver, Gold, or Platinum, or 
other equivalent scale.   A significant problem inherent to all of these labeling concepts was the difficulty 
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of assigning scores to each O&M element.   Assigning a 1-Star or 2-Star, or other label to a building 
based on the sum of points from each of the individual O&M measures within the Basic, Recommended, 
and Advanced categories would be complex.   It was agreed that building owners/managers as well as the 
service providers would likely not accept this level of complexity and would be skeptical of the value of 
the scores and labels. 

The list of elements and the complexity of scoring was clearly excessive and would generate much 
controversy.   Development of a comprehensive list, intended to include all basic and routine elements, 
would likely be argued by some as incomplete and by others as too complex.  Arriving at a total HVAC 
performance score would have been unnecessarily complex, as would the documentation and reporting to 
the client.  

Clearly, a simpler approach was needed.  The idea for a one-page “score card” emerged – creating a 
practical, concise tool that addresses only those elements considered by the project team as “essential” to 
optimizing  a  typical  HVAC  system.    Scored  elements  would  be  limited  to  those  that  were  deemed  
essential for optimum performance, and those elements that are currently most often overlooked or 
deemed “too expensive” or “too much trouble” and thus are not generally included in existing service 
agreements or in practice.  The score card also needed to provide the building owner/manager with 
information on building performance.  In contrast to trying to rate O&M services, a building performance 
rating gives an indication of progress that can be tracked over time. 

5.3 FOCUS ON PACKAGED ROOF TOP UNITS 
Given the wide variety of HVAC systems and components, it was decided to focus on roof top packaged 
units.  The majority of packaged roof top units tend to have similar components and thus were ideal 
systems for this pilot project.   

The decision to focus the HVAC and O&M rating on packaged roof top units was also influenced by 
findings from recent rooftop package unit research and programs, and the fact that these units are in wide 
usage across the U.S.  Several utilities in the Pacific Northwest region have been involved in efforts to 
improve the performance of small- to medium-size (4-20 cooling ton) rooftop package HVAC units 
(RTUs) over the last eight years. Literature from work conducted in  this region and other parts of the 
country have suggested that up to 80% of these units are performing poorly and have either no or very 
little economizer cooling even though such cooling is required by both codes and current federal 
manufacturing standards.  These observations have propelled a great deal of inquiry into the use of 
various auditing, diagnostic and maintenance techniques to improve the overall performance of RTUs.  
Creating a rating system for these units was judged to offer good value to the market.  See Appendix A 
for specific details on RTU performance research. 

By focusing our efforts on roof top units, a concise RTU Score Card was developed.    The scoring or 
rating method compares the “as found” condition of a particular RTU to the after-servicing or “as left” 
condition.   The As-Found comparison to As-Left approach provides a useful and necessary metric for 
both the service provider/technician and the owner/manager to quickly assess the system performance and 
trending.  This performance documentation and trending will inform decisions for repairs and upgrades to 
systems, and necessary capital improvements (equipment replacement). 

According to a study by Energy Market Innovations (Energy Market Innovations, Inc. 2004): 

 Most RTUs are not adequately serviced after installation and the majority of existing RTUs have 
problems affecting efficiency.   

 Due to a widespread neglect of small HVAC units, numerous mechanical problems are often 
identified.   
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 Service providers expressed reluctance to draw attention to what their existing service contracts 
do not provide – thus recommended that any “ new service” be clearly identified as ”advanced” 
or “optimization,” and thus distinct from what they currently offer. 

 Service providers expressed reluctance to champion a service to their customers that will 
inevitably identify costly repairs. 

 Since actual energy savings from various measures (kWh) are not easily validated or determined, 
estimated benefits should come from a credible source.  Some form of incentive may be initially 
required to motivate the marketplace.  

5.4 FEEDBACK FROM PROJECT ADVISORS AND STAKEHOLDERS 
 The  necessity  for  a  one-page  RTU  Score  Card  was  also  based  on  direct  experience  with  an  

advanced HVAC service program, where technicians reported that they found a six-page Rooftop 
Unit Checkout Form to be excessively time-consuming and challenging given rooftop 
environments (e.g., rain, wind, etc.).  

 A few advisors suggested the RTU rating should include a comprehensive list of measures.  
Alternatively, most advisors agreed that “routine” and “basic” measures will be performed under 
current practices and the rating system should stay focused on those elements that have the 
potential for the greatest impact on performance.   

 Another concern voiced by O&M contractors was that a poor RTU performance “score” would 
jeopardize their relationship with existing clients – raising the question “what have I been paying 
you for in the past?”  By limiting the scoring to “advanced” or “optimized” elements, the 
contractors can safely market this as an optimized level of service, and distinguish this service 
package compared to their “lowest-bid” competition.   

 A number of  HVAC technicians remarked that  “the RTU Score Card is  impressive and will  be 
very useful in demonstrating to the client (and my boss!) the thorough attention to detail that I 
practice on the roof.  My hard work and dedication to quality goes largely unappreciated because 
nobody else sees my work.” 

 One of the major O&M contractors noted that the RTU Protocols, as currently presented, do not 
provide a fully refined set of specific details and methodologies.   He stated, for example, that a 
contractor should ultimately be provided with recommended equipment and methods to 
accurately  measure  air  flows  for  specific  HVAC equipment.   These  types  of  specifications  and  
references need to be refined through experience and linked to the appropriate element.   This 
contractor also recognized that – as the rating model is further refined and adapted to other 
building and HVAC systems (chillers, boilers, etc.) – easy-to-use and appropriate specifications, 
methodologies, and equipment can be provided.   

 Overall, contractors reported that the RTU Score Card was reasonable and provided easy and 
useful documentation. 
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5.5 PILOT BUILDINGS 
The project developed a set of building performance rating elements through direct experience in six pilot 
buildings.  The intent of the monitoring in the pilot buildings was not to conduct technical research and 
document energy savings or performance data but to inform the development of the “concept” of a 
practical rating “system.”  The value of the buildings work was to create and refine specific rating “tools” 
through direct on-site interaction with the O&M service provider, owner/managers, and building 
occupants.   

The six pilot buildings were recruited concurrent with the development of the rating system and tools.  
Pilot buildings were chosen based on location, climate zone, size, usage, HVAC system, and willingness 
of owner/manager and O&M service provider to participate in the study.  Experience with each of the 
sites provided value to the testing and refinement of the RTU Score Card, RTU Protocols, Occupant 
Survey, and Walk-Through Checklist.   

Discussions with the O&M service providers included review of technical details pertaining to the rating 
materials, and served as on-site training opportunities relative to the assessment requirements of the 
HVAC rating tools. The practicality and relative effectiveness of various approaches and tools were 
evaluated in context with the findings of the occupant survey, energy history, and the HVAC equipment 
in these buildings. The project also anticipated that work in the pilot buildings would provide useful 
insights toward creation of possible case studies and/or marketing materials.   

Instrumentation was installed in the pilot buildings to monitor basic performance of the HVAC systems as 
well as occupied zone temperatures, relative humidity and carbon dioxide.  Energy use of the buildings 
was determined and the Occupant Surveys were completed as appropriate.   

During the early stages of this project it was unclear how valuable the basic building HVAC monitoring 
would be in helping define and create a rating system and tools.  More detailed HVAC monitoring and 
limited interventions in the first two pilot buildings resulted in some useful information, but also 
demonstrated that HVAC equipment monitoring was not necessary to meet the goals of this project.  The 
information gained from these efforts essentially substantiated the findings of other recent, and 
technically focused, studies of packaged roof top HVAC systems.  These studies have identified wide-
spread problems with factory installed sensors, set-point adjustment, air mixing, thermostats, and 
economizer failures (see Appendix A).   

Experience in the pilot buildings with data logging of system performance showed that a detailed 
technical monitoring effort cannot generally be justified for routine performance checks in small- to 
medium-size building HVAC systems.   Logging of system performance is a desirable activity in HVAC 
but the tools and expertise to actually deliver useful results – for a reasonable amount of time and money 
invested – represents a significant barrier.  In larger buildings (over 50,000 ft2), it is quite possible to cost-
effectively amortize the expense of a building automation/monitoring system and competent operator into 
the overall operating budget. But in smaller buildings, monitoring is rarely attempted and generally not 
justified in terms of cost-benefit.  In smaller buildings the building owner/operator typically accepts the 
energy costs month-by-month and doesn’t pay much attention until the cost becomes too much of a 
burden. A substantial amount of monitoring work has been done in the Pacific Northwest region, which 
allowed the project to leverage that experience to keep monitoring effort to a minimum. 

For this project, the primary monitoring emphasis was focused on adjustments to economizer settings.  
This type of monitoring has not been done extensively and is still in development. The effects measured 
are  typically  not  dramatic.  Estimates  of  savings  in  the  Pacific  Northwest  range  from  about  0.5  to  1.5  
kWh/ft2–year (this research continues and savings estimates are currently under further review).  
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Therefore, instrumented HVAC equipment monitoring – especially non-invasive approaches – is 
somewhat still in the experimental stage.  

5.6 LESSONS LEARNED IN THE PILOT BUILDINGS 
Two of the pilot buildings were evaluated with a custom-designed system (see Appendix B for discussion 
of this monitoring) that included conditional logging (to reduce data file size), system control status, and 
remote real-time internet access to the data.  This type of metering can show tendencies, but is relatively 
expensive to envision, install, and attend to.  Detailed metering over several months produces large data 
files, and a highly experienced technician with thorough knowledge of the HVAC systems is required to 
interpret the data. During this project, limited interventions were subsequently approved and implemented 
by these building owners. 

Due to the scope of the project and focus on practical approaches, the remaining four pilot buildings were 
monitored with a streamlined monitoring protocol utilizing a relatively low cost instrument set and 
reduced data set  (see Appendix C).   The streamlined RTU monitoring emphasis was on functionality and 
adjustments to economizer settings.  Occupied zone temperatures and ventilation (estimated with carbon 
dioxide concentrations) were also monitored.  Results of the monitoring were presented to the owners of 
these buildings along with recommendations for improvements.   

Recent packaged roof top unit research in the Pacific Northwest has documented cost-effective results 
from component upgrades and optimized service protocols (see Appendix D). For example, new 
commercial thermostats and redesigned outdoor air sensors will increase economizing hours.  Savings 
from these changes are currently being re-evaluated, and it is likely that overall savings estimates will be 
revised somewhat downward.  The reduced savings estimates are due to a growing recognition that 
cooling loads in Pacific Northwest commercial buildings are smaller than previously believed.  It is likely 
that more emphasis will be placed on heating savings (from limiting the amount of outside air entering the 
building) in future O&M programs in the Pacific Northwest.  An increased emphasis on demand 
controlled ventilation is expected. 

The building owners/managers were interested in learning more about their building’s performance.   
When deficiencies were reported to these building owners and their O&M service contractors, the 
response was generally to begin a dialogue of costs and timelines.  In some cases retrofits would tend to 
increase energy usage (i.e., correcting restricted outside air ventilation rates).  The O&M contractors for 
the six buildings were largely very cooperative and interested in the project, and contributed to the 
development of the rating tools.  

Circumstances precluded occupant surveys, RTU scoring, and walk-through assessments to be conducted 
in all buildings. In buildings #5 and #6 for example, the tenants had recently been inconvenienced by 
other types of survey.  These employers declined to participate in the occupant survey, at the time of this 
project, but stated that they would normally be very receptive.   It is interesting to note that only building 
#5 (out of all six buildings) had measured indoor temperatures significantly exceeding normally accepted 
comfort ranges.   

5.7 APPLYING RATING SYSTEM TO PILOT BUILDINGS 
A review of the six buildings’ Energy Star Portfolio Manager scores would indicate that most of these 
buildings are performing in the upper range of comparable buildings (Table 1).  However, when the roof 
top HVAC systems were evaluated, it’s clear that an Energy Star rating alone is not sufficient to 
characterize over-all building performance.  This finding supports the need for a more comprehensive, 
multi-parameter rating approach in order to gain a more complete and useful building performance 
assessment.   
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The building owner of pilot buildings #5 and #6 determined the Energy Star Portfolio Manager scores for 
these buildings.   The resulting scores reported likely reflect problems with the data used for these inputs 
into the Portfolio Manager program. Both buildings have data centers that may not have been properly 
accounted for in the energy use accounting and inputs.  The building owner is an enthusiastic participant 
in this project and insisted on self verifying and reentry of input into Portfolio Manager.   In spite of some 
difficulties, work in pilot buildings demonstrates that performance scoring can motivate building 
owners/managers, and confirms the need for careful data collection and reporting.  It is also reported that 
relatively small differences in Portfolio Manager inputs can result in surprisingly significant and 
disproportionate changes in the Energy Star score.   

The time necessary to conduct the As-Found checks and measurements to evaluate the RTU and 
determine a score on the RTU Score Card averaged less than two hours.  In completing the RTU Score 
Card on three of the pilot buildings, it was also discovered that none of these RTU units were operating at 
optimum performance.  At Building #1 for example, the RTU scores were improved from the “As Found” 
to the “As Left” condition from 60 to 74 by installing a different thermostat with morning warm up, 
changing  the  thermostat  set  points,  and  coil  cleaning.   The  measured  system airflow for  this  RTU was  
only 275 CFM, well below the recommended 400 CFM/ton, due to the incorrect size of the economizer 
outside air (OSA) hood.  

 
Table 1. Pilot Buildings Score Summary 

Pilot  
Building Building Sq Ft RTU Score Energy Star Score Occupancy Survey Score 

1 125,000 74 96 53 
2 9,000 64 82 72 
3 80,000 46 70 64 
4 25,656 - - 71 declined 
5 16,893 - - 25 declined 
6 6,750 - - 76 63 

 

In buildings numbers #4, #5, #6 the RTUs were monitored with the streamlined monitoring equipment, 
but the RTU Score Cards were not completed due to resource constraints and the decision that the RTU 
scoring protocols were sufficiently developed and tested in the first three pilot buildings.   

In spite of the relatively high Occupant Survey score for building #2, the measured CO2 values measured 
during the same period revealed insufficient outside air exchange.  The CO2 in a representative occupied 
zone is shown below (Figure 10). 
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Figure 10.  Pilot Building # 2 Carbon Dioxide Concentrations 

 

Approximately 20 cubic feet per minute (CFM) per person outside air (OSA) ventilation rate is specified 
by ASHRAE 62.1 and the Washington State Ventilation and Indoor Air Quality Code (1993) for office 
spaces.  The resulting CO2 concentration would be expected to be in the range of ~ 800 ppm at unity, or 
steady-state conditions.  The CO2 monitoring results suggest the ventilation rate for this zone is 
approximately 8 CFM outside air per person, or less than half the recommended air exchange.  Increasing 
the outside air fraction will likely increase energy usage during some seasons.  

This example demonstrates the value of multi-faceted performance metrics to adequately help 
characterize a particular building.  For this building the occupant survey alone did not reflect deficiencies 
(insufficient ventilation) that were identified through the more thorough monitoring provided by the walk-
through assessment.   
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6. CONCLUSIONS 
As a market transformation mechanism, this project developed an easy and effective rating and scoring 
system that allows O&M contractors and building owners/managers to discuss a building’s performance 
on a meaningful level.  Provided with detailed score cards, O&M protocols, an occupant survey tool, and 
a walk-through checklist, the O&M contractor and the client can discuss and negotiate various approaches 
toward optimizing a particular building’s performance.   In contrast to typical guidance that recommends 
general or specific measures, the rating system focuses on outcomes as represented by building 
performance scores.  The performance metrics are essential to understanding and evaluating the 
effectiveness of implemented measures and interventions. 

This pilot project focused on small- to medium-size office and retail buildings with unitary roof top 
heating, ventilation, and air conditioning units.  Six buildings were recruited to allow the project to gain 
field experience with the various proposed rating concepts and tools in actual buildings, and obtain input 
through interaction with the O&M service provider, owner/managers, and building occupants.  Work in 
the pilot buildings clearly demonstrated the value of multiple scoring elements to more fully characterize 
and understand the performance of buildings.    

Five building performance parameters were identified and developed through this project.   An easy three-
step process using streamlined score cards and guidance is provided to establish a performance rating or 
score for four of these parameters: 1) HVAC Roof Top Unit O&M and Performance; 2) Building Energy 
Performance; 3) Building Occupant Satisfaction; 4) Walk-Through Assessment.   “Advanced Building 
Performance Management” options are also presented.  

Individual scores allow client and contractor to discuss current conditions as reflected by these scores and 
negotiate for improvements.   The detailed documentation and resulting scores provide trending for client 
and contractor to evaluate effectiveness of O&M service and interventions.   

The evaluation of HVAC equipment operation and functionality using a detailed, yet concise scoring 
method (RTU Score Card, completed during servicing by a technician) provides a useful and cost-
effective indicator of equipment performance.  The results are immediately available and are likely to be 
more easily understood by the client  compared to technical  measurement  approaches.    Use of  an RTU 
Score Card also allows performance trending and documentation to be easily accomplished and 
understood.  Providing this level of information to the client is expected to result in better decision 
making toward improved HVAC system services and equipment performance. 

The unitary roof top HVAC operation and maintenance scoring format is suggested as a model that can be 
easily adapted for other energy consuming systems and equipment in most buildings.   Using this model 
format, easy and useful scoring, documentation, and reporting can be accomplished for boilers, chillers, 
heat pumps, and other systems by substituting the essential elements and protocols for these systems. 

Throughout the course of this pilot project HVAC and O&M industry contractors and advisors were 
generally reluctant to embrace the concept of a rating system.   Feedback consistently suggested that the 
industry is hesitant to introduce additional metrics and/or evaluation tools into their business models.  
However, the findings in this project and other studies of building performance and HVAC equipment 
(especially unitary roof top units) clearly indicate that current practices are not delivering the level of 
performance that can be reasonably and practically achieved.  

The limited work performed in the pilot buildings revealed numerous problems in all of the buildings, 
ranging from temperature problems and elevated CO2 levels, to failed economizers.  The project 
identified problems with economizer control sensors found in typical HVAC units the field.    The project 
scope did not include sufficient resources to fully characterize or demonstrate performance improvements 
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through targeted interventions in the six pilot buildings   Research projects specifically designed to study 
the technical aspects of HVAC systems performance and functionality should be fully supported and 
integrated with rating systems and other market transformation initiatives. 

The project demonstrated that collecting, summarizing, and reporting of basic building data – in order to 
establish  performance  criteria  such  as  a  packaged  roof  top  HVAC  system  performance,  Energy  Use  
Index, Energy Star Portfolio Manager score, and occupant satisfaction scores – are relatively easy to 
accomplish.   These reports provide useful information to building owners/managers and lead to 
meaningful discussions with O&M service providers and others toward building performance.  Therefore, 
it is suggested that an expanded set of buildings be used to further refine the rating system developed 
under this pilot project.   

Recommendations for Subsequent Projects 
Future projects might follow this framework:  

1. Use this system to rate approximately 25 buildings.  

2. Optimize these buildings based on scores and assessments.  

3. Conduct quarterly checks and monitoring of performance for a period of at least one year.  

4. Evaluate impacts from interventions and compare to subsequent rating scores. 

5. Refine the rating system based on findings.   

A goal of subsequent rating system projects would be to validate the hypothesis that scoring tools serve as 
benchmarks to track building performance over time, which encourages sustained performance, improved 
management, and evaluation of outcomes or results from interventions.   

Projects should include careful discussions with the building owners/managers and the O&M service 
providers.  It can be expected that not all owners/managers will be motivated by scores, but it is assumed 
that many will respond to the scoring results and authorize a range of improvements.  This hypothesis 
needs to be tested.  Documentation of the discussion, negotiations, and subsequent interventions will help 
refine the rating system in terms of how recommendations are generally prescribed and valued in the 
marketplace.   It is also recognized that not all recommendations or suggested actions will save energy or 
money.   Indeed, some interventions may well increase energy usage to some degree, but provide other 
benefits such as improved occupant comfort.    

Study buildings adopting significant changes and interventions should be more fully monitored to 
determine changes in rating scores as well as other factors such as energy savings, equipment reliability, 
and acceptability of changes made to occupied spaces.  Many owners/managers are realizing the 
connection between building performance and intangible benefits (e.g., improved worker performance, 
tenant retention, employee retention) and avoidance of easily documented costs (e.g., escalating energy 
costs, premature equipment failures, and emergency repair costs).     
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APPENDIX A.  RTU SERVICE AND MAINTENANCE COST 
EFFECTIVENESS ANALYSIS 

The following cost-effectiveness analysis describes the economics of a retrofit operation and maintenance 
(O&M) program that could be aimed at rooftop package units (RTU) in the Pacific Northwest.  For the 
most part, the analysis was based on the field monitoring and contractor interactions in various programs 
and research efforts.  The RTU O&M approach would be developed around five distinct measures.  These 
measures have been evaluated together for purposes of this analysis.  The measures are discussed in the 
subsections below and form the basis of the savings and cost effectiveness. 

A1. SERVICE ECONOMIZER 
Assessment and adjustment of economizer changeover temperature is included in all measure packages.  
The economizer changeover temperature is often set to about 55º F; at this setting the outside air can be 
used for cooling only when the outdoor temperature is below 55º F.  This setting leaves many hours of 
effective economizing weather unused.  Furthermore, for most commercial buildings, relatively small 
cooling loads would be expected when outside temperatures are below 55º F.  A changeover temperature 
of 65º F (or higher) is recommended here.   

Other components of the economizer service include airflow measured at both minimum and maximum 
economizer operation.  This measurement informs adjustment of outside air and return air dampers.  In 
the event that dampers are stuck or poorly adjusted, the technician must repair them (where possible).   

In 2007–2008, a small research project was managed by the New Buildings Institute and conducted by 
Stellar Processes and Ecotope to evaluate the poorly performing dry bulb temperature sensors that are 
used by many economizer systems.  That work showed that the most commonly used dry bulb sensor 
contained a design flaw that resulted in significantly reduced economizer operation.  The manufacturer of 
the sensor, Honeywell, has come out with a new product that should perform much better.  This sensor 
provides an additional savings opportunity for a new program, but requires that old sensors be replaced in 
about 60% of the units already serviced. 

All measure packages also include a biannual condenser coil cleaning and evaluation of refrigerant 
charge.  Finally, the program would include a change in filters, although this is already a part of virtually 
all routine maintenance visits. 

A2. TWO-STAGE THERMOSTAT 
In commercial buildings, especially small commercial buildings, residential thermostats are often used.  
This means there is no dedicated economizer stage and can also mean that the space might not be 
adequately cooled (depending on how the thermostat interacts with the economizer controller).  Use of a 
commercial thermostat which has least 2 cooling stages will increase economizing hours and also ensure 
mechanical cooling will operate when needed.  Also, most newer commercial thermostats will support a 
fix which shuts down the outside air damper during heating recovery time (typically very early morning), 
resulting in heating savings.    
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A3. CONTROLLER REPLACEMENT 
Relatively rarely, economizer controllers become jammed, shorted, or otherwise dysfunctional and the 
economizer  is  no  longer  operational.   In  these  cases,  the  controller  is  replaced  by  a  new controller.   If  
Demand control ventilation (DCV) is being considered, the new controller should be chosen so that it 
supports DCV. 

A4. DCV PACKAGE 
Demand control ventilation (DCV) is not only feasible but desirable in many RTUs. Simulations suggest 
DCV provides one of the most readily available heating savings.  For this measure, the right controller is 
needed along with a CO2 sensor, and the outside air dampers are reset to a very low minimum air level.  
The CO2 sensor  would be set  to  open the dampers to  40-50% outside air  when the CO2 level reaches a 
threshold and the economizer would proceed to operate as before when cooling is required. 

A5. NEW ECONOMIZER 
This measure is an application of a new economizer to an existing unit (or installation of a completely 
new RTU that includes an economizer) and commissioning of the system using the procedures described 
in the first package (above).  Consideration of DCV and also the type of thermostat in the system should 
be considered when a new economizer is installed.   

A6. SIMULATION RESULTS 
The results of the simulation evaluation have been aggregated together into 2 major measure categories: 

 Optimal Repair Package Category:  This package includes the controllers, thermostats and 
optimal  start  control  in  proportion  to  their  presence  in  the  PSE  program  as  well  as  repair  and  
maintenance on the RTU including the dampers, settings, coil cleaning, and charge review.   

 DCV Low Ventilation Rate Category:  The assumption here is that all of the repair measures 
are completed as part of the DCV upgrade.  A new controller and CO2 sensor setup is added to 
minimize outside airflow during periods of low occupancy and maximize outside air flow as 
ventilation requirements increase.  The low ventilation case assumes that the initial set-up was 
consistent with the ASHRAE Standard 62 for the particular occupancy.  The measure implements 
the Standard’s requirements for DCV controller setting for minimum make-up air.  It is our 
observation that damper settings are fairly arbitrary and the effective ventilation rate is often set 
without regard for the particular occupancy or the ASHRAE standard for that occupancy. 

 DCV High Ventilation Rate Category:  This  category  is  similar  to  the  low  ventilation  case,  
except that the high ventilation case assumes an initial condition of approximately 30% outdoor 
make up air with a reduction to approximately 8% minimum outside air.  This measure is meant 
to characterize a limited number of cases, but one where the DCV option offers significant 
functional improvement in the RTU. 

In  both  of  these  cases,  a  fraction  of  the  measure  is  assumed  to  include  a  morning  warm up.   This  was  
about 30% of “Premium Service” cases, and 100% in the cases of thermostat replacement and controller 
replacement.  In the case of this measure, it results in gas savings or space heating savings separate and 
distinct from the measures that focus on adjusting the economizer, cleaning coils, and adjusting 
refrigerant charge.   
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Table A1 shows the estimated savings for these three measures and includes all the weighting and 
aggregation necessary to construct these measures.  The DCV measure is a single measure that includes 
all of the economizer repair and maintenance as well as the integration of a DCV controller and CO2 
sensor.  The simulations in this case used the Spokane (Zone 2) and Seattle (Zone 1) climates to estimate 
savings. 
 

Table A1.  Normalized Savings, RTU Packages 
Savings  
Cooling (kWh/f²) Heating (kbtu/f²) 

Measure Climate  OFFICE RETAIL #1 RETAIL #2 OFFICE RETAIL #1 RETAIL #2 
Zone 2 0.238 0.339 0.501 2.31 0.92 0.89 Optimal Repair 

  Zone 1 0.282 0.395 0.632 1.64 0.79 0.65 

Demand Control CO2 Zone 2 0.029 0.092 0.047 5.35 9.93 7.25 
Low Ventilation Rate Zone 1 0.010 0.042 0.013 4.33 8.82 4.08 

Demand Control CO2 Zone 2 0.088 0.103 0.045 18.48 12.43 9.77 
High Ventilation Rate Zone 1 0.024 0.047 0.002 15.01 11.11 6.23 

 

The savings have been divided into three major occupancies which differ from one another in 
occupancy and lighting power density (LPD).  The “Office” use is based on ten hour occupancy and 
an LPD of 1.35 Watts/ft2.  “Retail 1” assumes a 12 hour occupancy and an LPD of 1.4 Watts/ft2.  The 
“Retail 2” runs were similar to the Retail 1 runs but used an LPD of 3.4 Watts/ft2.    

In Table A2 the results of the savings calculations are renormalized to a 7.5 ton rooftop package unit.  
The cost/benefit  analysis  is  based on this  unit.   It  was selected as  it  represented an average size for  
units observed in the regional field research as well as the work done for this effort.  

 
Table A2.  Package Savings (kWh/Therms) 
Savings  
Cooling (kWh) Heating (Therms) 

Measure Climate OFFICE RETAIL #1 RETAIL #2 OFFICE RETAIL #1 RETAIL #2 
Zone 2 666 949 1403 65 26 25 Optimal Repair 

  Zone 1 791 1106 1769 46 22 18 

Demand Control CO2 Zone 2 81 258 132 150 278 203 
Low Ventilation Rate Zone 1 28 118 36 121 247 114 

Demand Control CO2 Zone 2 246 288 126 517 348 274 
High Ventilation Rate Zone 1 67 132 6 420 311 174 

 

In  Table A3,  the estimated costs  of  these measures are  shown.   These costs  were derived from two 
sources.  Costs are based on the average unit size of 7.5 cooling tons.  

1. Incentive payments made by a utility “Premium Service” program (which targets RTU 
operational changes and maintenance) for various measures included in their program.  In this 
case we have assumed that “Premium Service” is providing close to 100% of the labor cost to 
check out and clean the RTU and to replace controllers and thermostats.   In some cases, the full 
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cost of labor and components might not be covered by these incentive amounts but generally they 
have proven pretty close.   

2. Actual costs associated with the supply of individual components that are either not included in 
the above maintenance program but estimated from trade and other HVAC contractor sources. 
This would include the new Honeywell sensor which has only existed for the last two months, 
and the DCV controller  and CO2 sensor, which while it has been included in the package since 
the beginning, has never been used.  For those reasons, we have done our best to estimate the 
costs of these components. 

 
Table A3.  Measure Costs per RTU 

Measure $/unit 
Tune-up, repair 300 
Tune-up with new sensor 350 

Warm-up relay 80 
Thermostat 300 

Controller 150 
DCV 400 
New economizer 800 

 

Table A-4 summarizes the cost-effectiveness of these three component measures when applied to a 7.5 
ton unit operating to supply ventilation and space conditioning to a 2,800 ft2 single-zone building under 
various occupancy types.  For this purpose, however, we have normalized to the individual unit without 
regard to the interaction between this individual unit and other units that might be present in typical 
applications.  The measure costs used in this analysis are in Table A-4.   

The levelized cost calculations are based on a present value of the cost of the measure divided into the 
annual savings.  The analysis uses a 4% discount rate over a 5 year measure life.  

 
Table A4.  Levelized Cost Results (based on cost/savings per RTU) 

OFFICE RETAIL #1 RETAIL #2 
Measure Climate $/kWh $/kWh $/kWh 

Zone 2 0.017 0.053 0.036 Optimal Repair 
Zone 1 0.038 0.049 0.033 

 $/Therm $/Therm $/Therm 
Zone 2 0.95 0.50 0.70 DCV low 

Zone 1 1.18 0.57 1.25 
Zone 2 0.27 0.40 0.52 DCV high  
Zone 1 0.34 0.45 0.82 

 

For measures where there are both gas an electric savings, the less significant fuel is valued at the avoided 
cost ($1/Therm or $0.065/kWh) and included as a negative cost in the present value calculation.  Thus for 
the Optimal Repair package, the gas savings (mostly from the morning warm up measure) are valued and 
deducted from the annualized cost of the O&M measure.  

These measure packages are generally cost-effective in both climate zones that were examined.  The first 
DCV measure (“DCV low”) is borderline if the ventilation rates in the existing units are near the 
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minimum required for those spaces.  This problem is considerably less significant in new construction, 
where a new controller and sensor could be specified in the initial installation, dropping the cost by a 
factor of 3.  Limiting the DCV measure to systems that have at least 25% minimum outside air and the 
ability to be set down to 7-10% minimum air is required to ensure cost effectiveness.  The second DCV 
option assumes an initial condition of approximately 30% outdoor make up air with a reduction to 
approximately 8% minimum outside air.   This system is cost-effective in virtually all cases against an 80 
cent/therm levelized cost threshold.   

The optimal start (morning warm up) measure is not cost-effective by itself, although it can be very cost-
effective when integrated with the overall Optimal Repair package. This measure provides most of the 
heating season savings if no DCV measure is installed.   

Overall,  this  analysis  suggests  that  a  cost-effective  RTU  program  can  be  delivered.   It  is  important  to  
emphasize that existing RTU programs have focused on training HVAC technicians who install and 
maintain single-zone packaged rooftop equipment.  In many cases, experienced technicians have not had 
much recent experience working on economizers.  

Most of the deficiencies with economizers in the Northwest, in terms of the lack of enabling of the 
morning warm-up option, and limited use of DCV, have been a result of lost opportunity when the 
equipment was ordered or overly conservative economizer settings during the initial installation.  While it 
is  true that  these deficiencies  make a retrofit  RTU program cost-effective,  it  is  also true that  it  is  much 
more cost-effective to have new units meet specification and set-up standards.  By paying more attention 
to new units, the long term impact of this program could be much more cost-effective and the need for 
ongoing assessment of economizers should be more limited. 

The project team thanks Bob Davis and Dave Baylon, Ecotope Inc, Seattle WA for contributing this 
material.  
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APPENDIX B.  PILOT BUILDING TESTING 
This discussion provides details of the technical monitoring conducted in the six project pilot buildings.   

Two of the six pilot buildings (pilot buildings # 1 and # 2) were evaluated with a custom-designed 
system which included conditional logging (to reduce data file size), system control status, and 
internet access.  The remaining four pilot buildings were monitored with a simplified equipment set-
up due to the project’s scope and limited resources.   

B1. ON-SITE ONE-TIME MEASUREMENTS 
For these tests, the focus is on the economizer function, system airflow, refrigerant charge, and thermostat 
type  setting.  Check-out  requires  from  1.5  to  3.5  hours  per  unit.   These  tests  are  critical  to  the  rating  
system RTU Score Card procedures. 

Manufacturer’s instructions for checking out economizer controller and sensor are used; a multi-meter 
that reads in milliamps (mA) is needed.  Condition of damper seals and operation is noted and repaired if 
needed/possible.  (Damper leakage is a common problem on packaged units.)  Sensor contacts are cleaned 
or the entire sensor is replaced if defective.   

Both economizer and system (evaporator) airflow are measured with averaging velocity pressure flow 
meters. System external static pressure is measured in Pascals using a digital micromanometer. 

 
Figure B1.  Flow Grid Installed on Outdoor Intake Hood 

 
 

The  mixed  air  temperature  is  often  subject  to  “plumes”  of  differing  temperature,  so  at  least  three  
measurements  of  mixed  air  are  taken.   Mixed  air  and  outside  air  temperature  can  be  used  as  another  
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indication of economizer operation.  Mixed air sensors will be designed for removal and replacement 
during a treatment that involves cleaning the evaporator coil.  

Special  care  is  also  needed  for  measurement  of  the  outside  air  temperature.  This  sensor,  which  will  
usually be close outside the fan cabinet, needs protection from solar radiation and re-radiation from the 
roof  surface.  This  sensor  needs  to  be  placed  so  that  it  accurately  measures  the  temperature  of  the  air  
entering the fan unit as well as the outside air temperature when the fan is not running. 

The primary objective of this project is to describe the amount of economizer operation before and after 
adjustments to changeover temperature are made and the effect of the adjustment on energy used for 
cooling (expressed in kWh/day at a specific outdoor temperature.  At the same time, return air 
temperature (as a surrogate for indoor temperature) is assessed to make sure the building is maintained at 
the same indoor temperature during cooling mode.    

A typical energy signature plot for a 5 ton rooftop packaged unit is shown in Figure B-3.  The kWh use 
per day is relatively flat to the left of the curve, reflecting only air handler usage.  At some point (around 
the mid 50’s F outside temperature), there is need for cooling that cannot be satisfied only by the 
economizer.  That is, the compressor must operate to meet cooling set-point.  The kWh/day usage 
increases (solid diamonds).  

When an adjustment is made to the economizer changeover temperature, the kWh/day usage should 
decrease in some band of outdoor temperature.  This is shown, if a bit coarsely, in the graphic, by the 
open blue diamonds for outdoor temperatures between about 55° and 65° F.  The open blue diamonds 
reflect a warmer economizer changeover temperature (65° F  vs.  55° F  to  start)  and  mean  the  unit  can  
meet cooling set-point by using only outside air. Above about 65° F, the unit switches to only mechanical 
cooling. 

B2. DETAILED DATA-LOGGING - DISCUSSION 
Detailed logging occurred at two sites beginning in February 2008.  

On each unit, we monitored amps/volts to the compressor + outdoor fan and indoor fan circuits at least 
once per cycle (Hz). Depending on one phase versus 3-phase equipment we performed manipulations to 
determine the actual true power. 

We also measured 4 mixed air temperatures (to get an average), outdoor temperatures in 2 spots, supply 
air temperatures, and return air temperatures at each unit.  Return air temperature is a proxy for indoor 
temperature (generally a reasonable assumption).  We also measured outside air damper position with a 
string potentiometer and gas valve status with a 24v relay. 

From these measurements, we calculated a number of other parameters such as scavenged heat/cooling, 
fan-only operation, and COP (when combined with system flow, which we also measured).  
Figure B-2 shows all temperature and true power measurement locations.  Not shown are sensors which 
indicate the position of the outside air damper (via a string potentiometer) and a 24v relay connected in 
series with the gas valve (to indicate its operation). Not shown are sensors which indicate the position of 
the outside air damper (via a string potentiometer) and a 24v relay connected in series with the gas valve 
(to indicate its operation).  
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Figure B 2.  Logged Temperature and Power Points 

 

 

Logged temperature and power measurements were taken on 60-minute data intervals with readings 
binned in real time by operation mode.   

The  mixed  air  temperature  is  often  subject  to  “plumes”  of  differing  temperature,  so  at  least  three  
measurements  of  mixed  air  are  taken.   Mixed  air  and  outside  air  temperature  can  be  used  as  another  
indication of economizer operation.  Mixed air sensors will be designed for removal and replacement 
during a treatment that involves cleaning the evaporator coil.  

Special  care  is  also  needed  for  measurement  of  the  outside  air  temperature.  This  sensor,  which  will  
usually be close outside the fan cabinet, needs protection from solar radiation and re-radiation from the 
roof  surface.  This  sensor  needs  to  be  placed  so  that  it  accurately  measures  the  temperature  of  the  air  
entering the fan unit as well as the outside air temperature when the fan is not running. 

The primary objective of this project is to describe the amount of economizer operation before and after 
adjustments to changeover temperature are made and the effect of the adjustment on energy used for 
cooling (expressed in kWh/day at a specific outdoor temperature.  At the same time, return air 
temperature (as a surrogate for indoor temperature) is assessed to make sure the building is maintained at 
the same indoor temperature during cooling mode.    

A typical energy signature plot for a 5 ton rooftop packaged unit is shown below (Figure B3).  The kWh 
use per day is relatively flat to the left of the curve, reflecting only air handler usage.  At some point 
(around the mid 50’s F outside temperature), there is need for cooling that cannot be satisfied only by the 
economizer.  That is, the compressor must operate to meet cooling set-point.  The kWh/day usage 
increases (solid diamonds).  ] 
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When an adjustment is made to the economizer changeover temperature, the kWh/day usage should 
decrease in some band of outdoor temperature.  This is shown, if a bit coarsely, in the graphic, by the 
open diamonds for outdoor temperatures between about 55° and 65° F.   The  open  diamonds  reflect  a  
warmer economizer changeover temperature (65° F vs.  55° F to start), and indicates the unit can meet 
cooling set-point by using only outside air. Above about 65° F, the unit switches to only mechanical 
cooling. 

 
Figure B3.  Energy Signature Plot 

 
 

 

B3. INDIVIDUAL PILOT BUILDING DISCUSSION 

B3.1 Pilot Building #1  
The building is a good example of a smaller sized (~100,000 ft2) regional big-box retail store located in 
Washougal, Washington.  The building has a moderate cooling load since lighting is mostly T-12 shop 
lights, and occupancy is generally moderate.  The main objectives for metering at this site were 
demonstration of economizer changeover adjustment and demonstration of optimal start in heating mode 
(which shuts down minimum outside air to zero during morning heating recovery).   

Two gas packaged units were monitored.  Both used a non-HW economizer logic and components. Unit 1 
is 5 ton, measured evaporator airflow is 355 CFM/ton; max OA is 55% and minimum is 12% of 
evaporator flow.  Unit 2 is 10 ton; airflow is 273 CFM/ton; max OA is 45% and minimum air is 15% of 
evaporator flow.   Both units were originally running with economizer dry-bulb changeover temps of 55° 
F.  These changeovers were adjusted to about 65° F on 6/20/08.  The delay in adjustment had to do with a 
protracted cold late spring/early summer.  The negative consequence of the delay was a limited amount of 
post-adjustment data. 

The 10-ton unit, which serves part of the main retail floor, uses very little gas for heating and also has no 
compressor operation until outside temperatures approach about 70° F (as shown in the post-adjustment 
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data (open blue diamonds Figure B-4)).  There were no temperatures this warm in the pre-adjustment 
period so it is not possible to ascribe savings to the economizer adjustment on this unit. 

 
Figure B4.  Pilot Building #1 RTU 2 Energy Signature 
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Unit  1  has  a  similar  problem  with  cooling  operation  and  a  similar  graphic  (Figure  B-5).   There  is  a  
reduction in air handler usage at this site that corresponded with thermostat replaced in late March (see 
next paragraph).  We have no explanation for this reduction since we did not make any changes to the air 
handler circuit. It is possible that the power reading on the air handler is in error, but we checked out this 
possibility and ruled it out. This change remains a mystery. 

 

Figure B5.  Pilot Building #1 RTU 1 Energy Signature 
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To test optimal start, new proprietary 5 vdc thermostats were installed on 24 March 2008.  Because of 
delays in finding these thermostats, there was not enough post-change-out data to demonstrate the effect 
of the change-out over a good chunk of a heating season. A short-term review of outside air damper 
position was undertaken in the two nights following the change-out.  The metering was switched into 2 
minute mode to allow a closer look at damper position.  The new thermostats performed as expected 
(minimum outside air dropped to zero during morning recovery), which over the course of a heating 
season would save a modest amount of gas usage.  Also, as the existing thermostats were not 
programmable and the new ones were), modest setbacks/setups were added; these adjustments should also 
produce modest reductions in gas and electricity use. 

 

B3.2 Pilot Building #2 
This building houses a software company located in Camas, Washington.  It is the second floor of an 
older building (with updated windows) and has approximately 5,000 ft2 of conditioned space.   
Occupancy in the main space appears to be at least 15 people during normal business hours.  Two 
packaged units serve the main part of the space (open office with cubicles), and at least some of the 
ancillary spaces.  The business operates mostly on an 8 AM to 6 PM occupancy schedule with some after-
hours operation.  A computer server room is conditioned by a min-split air conditioner. 

A 5 ton gas pack serves the north end of the building.  It has measured system airflow of 1285 CFM, 
which is very low for a unit of this size.  Many supply diffusers are apparently throttled down in the 
space, and the system is very noisy (from jets of air getting around the diffuser dampers).  Outside air for 
ventilation was measured at 173 CFM as-found.  A 4 ton gas pack serves the south end; it has much better 
airflow (1814 CFM for the whole system and 199 CFM for ventilation air).  

The two package units are controlled by Honeywell residential touch-screen thermostats with set-points 
of 70º F heat/73º F cool starting at 7:30 am then changing to 67º F heat/76º F cool at 6 pm.  Each has 2 
stages of cooling set up/wired. The setback temperatures are applied on weekends.  The system air 
handlers were set at CIRC when we first installed equipment (early 2008); this means air handlers should 
operate about 30% of the time regardless of a heating or cooling call. This scheme improves ventilation 
since when the air handler is on, the ventilation airflows mentioned above apply.  At some point, air 
handler operation was changed to AUTO, meaning the system fans only run when there is a 
heating/cooling call.  

Our preliminary assessment of operation is that the site requires very little heating energy due to the 
internal gains (people and computers) in the main space.   There is very little artificial lighting added 
since most staff members are involved with programming tasks using personal computers for much of the 
day. 

Assessing cooling operation was straightforward at this site but “seeing” the economizer adjustment 
proved challenging.  The original installation was in mid-February but given significant internal gains, we 
expected to see economizing operation even in winter months.   We did see some economizing at 
moderate outdoor temperatures (around 60 F, which conforms to the expected, given the changeover 
temperature was 65 F).  Because the as-found changeover temperature was 65 F, we decided to make the 
post-adjustment setting about 60 F (which is the lowest setting available on this economizer controller) 
rather than a setting in the low 70s F (since that could cause comfort complaints).  We had a difficult time 
picking out a measurable change in economizer operation given the relatively close pre/post-adjustment 
changeover temperatures.  Figure B-6 illustrates the operation of Unit 2. 
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Figure B6.  Pilot Building #2 RTU 2 Energy Signature 
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In Figure B6, the blue diamonds (open and closed) show daily kWh usage before and after the 
adjustment.  There is almost  no heating operation on this unit, so the electricity usage is either for just the 
air handler operation, for economizing, or for mechanical cooling.  In looking at the operation by mode, it 
is clear that usages under10 kWh/day conform to air handler operation only. Values above this correspond 
to mechanical cooling.  As outdoor temperature increases above about 55° F, mechanical cooling usage 
increases.  (Note that there are some times where economizing alone cannot meet the cooling load, even 
at these mild outdoor temperatures.) 

 
Figure B7.  Pilot Building #2 RTU 1 Energy Signature 
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Figure B6 by itself is not instructive given there turned out to be only limited data collection after the 
adjustment was made (because of how work was timed in accordance with the site manager’s 
preferences).  This unfortunate situation meant there was little that could be proven about overall cooling 
energy usage (since there are not many days of post-adjustment data available for comparison).  However, 
a second graphic (Figure B7) shows that the difference in economizing operation did not change a huge 
amount after the adjustment, which was expected given there was only about a 5 F change in economizer 
changeover temperature.  (The blue and magenta lines have very close to the same slope, indicating very 
little change in economizing hours.) 

Unit 1 has a similar problem with cooling operation and a similar graphic (Figure B7).  There is a 
reduction in air handler usage at this site that corresponded with the thermostat replacement in late March 
(see next paragraph).  We have no explanation for this reduction since we did not make any changes to 
the air handler circuit. It is possible that the power reading on the air handler is in error, but we checked 
out this possibility and ruled it out. This change remains a mystery.  

Ventilation was also assessed in this building (all pilot buildings) via use of a real-time carbon dioxide 
(CO2) meter (TSI Inc.)  As expected, CO2 levels were elevated at many times during the monitoring 
period (in excess of 1,000 ppm).  The building manager was shown the results (Figure B-8).  Outside air 
amounts could have been increased during normal occupancy and the fan setting could have been set to 
run continuously, at least on Unit 2.  (Unit 1 was very noisy to operate given constricted supply runs.)  
The manager apparently was not interested in making a change, so no adjustments to minimum outside air 
mounts or operation scheduling were made.   In spite of the elevated CO2 concentrations recorded, the 
Occupant Survey results for the Overall Comfort category was 3.9 out of possible 5 points, and the Odor  

 
Figure B 8.  Pilot Building #2 Carbon Dioxide Results 
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Category score was 4.4 out of 5.  General comments on the Occupant Survey did not mention stuffy, 
stale, or uncomfortable conditions. 

 

B4. SHORT-TERM MONITORING IN FOUR PILOT BUILDINGS 
The equipment used in this streamlined monitoring is off-the-shelf temperature sensors and current 
transducers available from a well-know manufacturer - - see Appendix C for detailed discussion of this 
approach. 

B4.1 Pilot Building # 3  
This building houses a retail and warehouse business located in Olympia, WA.   Monitoring include two 
20 ton rooftops that serve the main retail areas (approximately 14,000 ft2 total).  These systems use a two-
stage commercial thermostat.  Monitoring began in mid-April 2008, and an adjustment of the economizer 
changeover setting was made in late May.  Because of the cold weather, we did not see significant 
economizing until early May.  A Johnson Controls economizer controller and sensor is employed on both 
of these units.   

We looked at compressor run-time before and after the changeover adjustment (set up to about 65 F from 
the  starting  temperature  of  about  55° F, according to the Johnson Controls literature that describes 
changeover temperature versus potentiometer settings).  The compressor run-time (vs. outdoor 
temperature) appeared to decrease slightly on Unit 1 (Figure B-9) but actually increased on Unit 2 (Figure 
B-10).     There  was  considerable  scatter  in  the  data  points  (as  for  the  first  plot)  but  even  after  these  
outliers were screened, the trend was apparent. 

 

 
Figure B9.  Unit 1 Usage Before/After Economizer Adjustment 
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Figure B 10.  Unit 2 Usage Before/After Economizer Adjustment 

 
 

We consulted Airefco, Carrier’s technical representative, about the issue in September 2008.   They have 
not returned a verdict yet, but they are not sure the pairing of the Johnson Controls economizer with their 
equipment  will  result  in  expected operation.   We did not  expect  this  to  be a  problem given that  Carrier  
typically uses others’ economizer components.  

B4.2 Pilot Buildings # 4 and #5   

Pilot buildings #4 and #5 are multi-tenant office buildings located in Spokane, Washington.  These 
buildings are part of a large office park built and managed by a single property management firm.   The 
mechanical systems for these buildings are similar and receive regular O&M services under contract from 
a local HVAC contractor. Both sites are newer (post-2000) insulated concrete tilt-up buildings which 
house office workers.  Carrier gas pack rooftops (mostly 5 ton cooling capacity) provide heating and air 
conditioning for these sites. The units are serviced quarterly by a local HVAC contractor who was 
described as amenable to the goals of the review and adjustment. 

The owner and property manager note there have been shell pressurization problems in one building and 
comfort problems were identified through temperature monitoring at both buildings.   The over-pressure 
issue (due to economizer operation) was diagnosed as a problem with the barometric relief associated 
with the RTU units.  Powered exhaust is being considered as a solution.   The inspection of selected RTU 
units on each building showed the economizers have outdoor air enthalpy sensors and are set on the most 
conservative setting (“D”).  Space thermostats are Honeywell 7300 series.  Two stages of cooling 
operation are wired on the roof and had a properly working economizer (outside air damper actuated at 
the expected temperature/relative humidity).  We noted residential-type air filters and coil fins showed 
some damage (likely due to pressure-washing).  

B4.3 Pilot Building # 5 
At the building #5 (710) site, the same RTU units and thermostats are installed.  At this site, many cubicle 
occupants had small circulating fans, indicating a possible comfort problem.  Temperature monitoring for 
six weeks in a central and representative area showed excellent temperature control during the six week 
monitoring period.  Carbon dioxide levels at this central location were also in the acceptable range during 
this period.  About 50 occupants work in the ~10,000 ft2 main open office area. 

A thorough review of these units (full airflow measurements, refrigerant charge adjustment, etc.) was not 
carried out because of time constraint, but short-term monitoring equipment was deployed on one RTU 
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for each building in mid September, 2008.  The expectation was that there would be sufficient 
economizing operation over a two week period so that an adjustment in changeover temperature could be 
evaluated by looking at early October system operation (compressor run-time). 

The HVAC service provider resisted suggested changes to the economizer adjustment and since the 
occupants were comfortable, no changes were made. 

B4.4 Pilot Building # 6 
A one-story owner occupied office building located in Mt. Vernon, Wash.  Three older (10 to 15 years) 
rooftop units serve the 6,750 square foot open office areas.   The units were not equipped with 
economizers and the outside air dampers were mechanically fixed in the open position.   The owner was 
surprised to learn that the dampers remain open 24/7.  As expected, CO2 measurements demonstrated 
sufficient outside air delivery, and the Occupant Survey showed relatively satisfied occupants. Given the 
age of the existing units, and the lack of economizers, the owner is strongly considering replacing the 
units with newer efficient systems, in spite of the Energy Star Portfolio Manager score of 76. 

B5. PILOT BUILDING CONCLUSIONS 
Pilot buildings were chosen based on location, climate zone, size, usage, HVAC system, and willingness 
of owner/manager and O&M service provider to participate in the study.    Experience with each of the 
sites provided value to the project.  Again, the primary intent of working with these buildings was not to 
conduct technical research or testing, but to gain insights for all aspects of the rating system.   

Recent developments in economizer technology will facilitate harvesting energy savings.  (See Appendix 
A)  New commercial thermostats and redesigned outdoor air sensors will increase economizing hours.  
Savings from these changes are being re-evaluated, and it is likely overall savings estimates will be 
revised downward (mostly because there is growing recognition that cooling loads in Pacific NW 
commercial buildings are smaller than previously thought.)  It is likely that more emphasis will be placed 
on heating savings (from limiting the amount of outside air entering the building) in future O&M 
programs in the Pacific NW. 

Overall, the impact of the monitoring results in these few installations point out the importance of a 
measurement base review of this type of equipment.  It is typical that RTU equipment is initially installed 
without significant intervention from engineering design and thus the particular settings and approaches 
of the original installer are likely to be the continued into decades of HVAC operation.  With the 
development of new sensors and new research on economizer and fan settings there is a clear advantage 
to both comfort and energy efficiency to a detailed review.  The use of airflow measurement tools and 
careful one time review of control and temperature settings can provide savings and prevent IAQ 
complaints and related problems.  The research in the PNW suggests that savings of about 1 kWh/sf from 
proper economizer set-up alone would be anticipated.  This would be improved by the reduced heating 
demand resulting from proper outside air settings and from proper scheduling of occupancy and setback.  
The rating system RTU Score Card, RTU Protocols, Occupancy Survey, and Walk-Through Checklist are 
expected to provide O&M service providers and building owners/managers with the necessary guidance, 
feedback, and documentation necessary to optimize mechanical equipment and their buildings. 

The project thanks Bob Davis and Dave Baylon, Ecotope Inc, Seattle WA, technical subcontractors to the 
project for contributing this material.  
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APPENDIX C. SIMPLIFIED ROOF TOP PACKAGE HVAC UNIT 
MONITORING 
Due to the project’s scope and limited resources, a streamlined monitoring set-up was used in four of the 
project’s pilot buildings.  The monitoring equipment consists of readily available, off-the-shelf 
temperature sensors and current transducers (CTs) from a well-known manufacturer.  Taking data with 
one hour averages means the data loggers can operate for about two weeks before a technician must visit 
the site and retrieve data. 

Overall cost of this type of logging is modest; about $500 is required to purchase sufficient CTs and 
temperature sensors to identify a change in economizer operation after an adjustment (or to notice an 
expected change has not occurred).  It is also possible to indirectly assess changes in outside air fraction 
by comparing supply, return, and ambient temperatures, but this is not necessary if the outside air amount 
is measured directly with an averaging velocity pressure grid. 

In the basic set up, the channels monitored are: 

 Ambient temperature 

 Supply air temperature 

 Return air temperature 

 Air handler status (run time) 

 Compressor status (run time) 

 Cooling call status (on/off; installed on 24 VAC circuit) 

Note that in this configuration, actual running amps of the compressor are not measured.  It is possible to 
do this, but there is added expense and also the type of electrical service (one phase or three phase) can 
make the installation more involved.  If the technician is not prepared for a more detailed installation, or if 
budget is limited, this basic set up is advisable. 

Once the pattern of outdoor temperature and cooling call status is determined, it is possible to see how 
much of the cooling cycle(s), defined as a continuous cooling call, is satisfied by the economizer and how 
much is satisfied by the compressor.  The number of minutes of each cycle can be visually determined by 
looking at the graph of cooling call and seeing how much of the time requires only air handle operation 
(indicating economizer only).  Visual inspection is relatively coarse; a more thorough treatment requires 
exporting logged data to a spreadsheet or analysis software package.  If desired, cooling cycles can be 
binned by outdoor temperature and compared with the economizer changeover temperature to further 
refine the estimate of the economizer fraction. 

An detailed view of about two hours of rooftop operation on one of the Spokane pilot buildings is shown 
in Figure C1.  This rooftop unit used a non-aggressive economizer changeover (of about 55° F) so limited 
economizer operation would be expected.  The air handler is not set to run continuously, so when it is on 
relatively horizontal line (magenta), we can assume either heating or cooling is occurring. Given the 
outdoor temperature and time of year (late September), the system is providing cooling.  In the early part 
of the cycle, the system is economizing (air handler on but compressor off).  Later in the cycle (about 
9:15 am), the system has switched to full mechanical cooling (compressor amp channel shows this 
clearly).  The system does cycle between economizer and compressor cooling later in the hour, indicating 
the economizer controller/sensor combination may in fact allow economizing at a temperature above 55° 
F (at least for short duration).  Data collected later in the day, when outdoor temperatures are above 60° F, 
show only compressor cooling.  
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Figure C 1.  Detailed View of Rooftop Cooling Operation 
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The project team thanks Bob Davis and Dave Baylon, Ecotope Inc, Seattle WA, technical subcontractors 
to the project for contributing this material.  
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APPENDIX D.  RTU COMPONENT RESEARCH IN THE PACIFIC 
NORTHWEST 
D1. SENSOR ACCURACY 
Recent bench-level testing by Stellar Processes Portland, Oregon, and Ecotope, Inc. Seattle, Washington, 
(Ecotope was subcontractor to the rating system project) has shown a large range in packaged roof top 
unit  (RTU)  sensor  accuracy.   These  inaccuracies  are  on  the  order  of  at  least  +/-5  F  around  a  nominal  
outdoor temperature set-point that would mark the transition from air-side economizing to mechanical 
cooling operation.  This is very significant since one well-known manufacturer provides over 75% of the 
sensors now in use in small packaged units.   

The inaccuracy noted above applies to the dry bulb sensor; a large number of systems use enthalpy 
sensors, but the general directives given to installers in the Pacific Northwest by utilities sponsoring 
economizer programs has been to change out enthalpy sensors with dry bulb (given concerns about 
enthalpy sensor accuracy and also given the relatively dry outdoor air in available in this region for free 
cooling).  This effect had been noted in earlier field research by Stellar.  The sensor manufacture’s 
literature suggests this effect, but provides no clear direction on what to do about it.   The sensor’s 
interaction with the economizer controller can further complicate the expected behavior of the 
economizer. 

Stellar  has  shared  the  results  of  their  tests  with  the  sensor  manufacturer.   The  response  has  been  to  
redesign their dry bulb sensor. The new design, now in prototyping, will have a user-determined 
changeover temperature with +-2 F tolerance; the sensor will make the economizer circuit either open or 
closed, taking the controller out of the decision-making loop.  If this sensor is successful, it should greatly 
simplify economizer set up and retrofit. The sensor should be priced similarly to the dry bulb sensor they 
have been selling since the early 90s (about $25 to the trade). 

D2. THERMOSTATS 
Commercial thermostats have also made strides.  The newer Honeywell touch-screen commercial model 
is easy to program and works with many rooftop units.  It also has a dedicated economizer output, which 
facilitates enabling reducing minimum outside air to zero during morning recovery (in heating mode).  
This means outside air will not have to be heated when non one is in the building. This feature enables 
reduction of natural gas use (or electricity, if the rooftop is a heat pump).   

Another helpful thermostat development solves a potential wiring problem. Honeywell sells a 
combination thermostat/programmable logic controller (PLC) that only requires three control wires be run 
between the thermostat and the PLC (which sis installed inside the packaged unit).  This allows enabling 
of a second stage of cooling AND morning warm-up in systems that have a control wire bundle of 
perhaps  only  5  wires.   In  the  past,  this  situation  might  have  meant  it  would  not  be  possible  to  enable  
second stage cooling and morning warm-up. Now, since only three wires have to go between the building 
space and the unit, more systems can be retrofit.  The cost of the 3 wire thermostat/PLC combo is about 
the same as the commercial touch-screen stat. 

As mentioned above, some commercial thermostats facilitate closing down the outside air damper during 
the heating recovery period so that outside air does not have to be conditioned. This offers a heating 
conservation strategy.  This feature is not well known and until recently required installation of an 
additional relay on the most common models of commercial thermostat (Honeywell 7300 series). The 
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new commercial touch-screen stat has a dedicated economizer output so enabling of this measure is 
relatively straightforward.  As detailed above, if there are not enough low voltage wires from the indoor 
thermostat to the RTU, a 3 wire thermostat (VisionPRo IAQ) is an option. 

D3. DEMAND CONTROLLED VENTILATION 
Of potentially more benefit is demand controlled ventilation (DCV).  In this scenario, a CO2 sensor 
controls how much/often outside air is brought in to dilute living space air.  In addition to improving air 
quality when most needed, this approach reduces the amount of outside air that must be heated, thereby 
reducing heating energy usage.  DCV requires a CO2 sensor, which until recently has been costly (over 
$300 to the installer) and an economizer controller that supports DCV. 

The project team thanks Bob Davis and Dave Baylon, Ecotope Inc, Seattle WA, technical subcontractors 
to the project for contributing this material.  
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