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Introduction

Complex building systems are becoming more g@levt in commerciabuildings, yet building
owners often find that their builtgs do not operate #te expected levelf performance.

Several factors contribute this lack of buildng performance. The building industry has
become increasingly segmented between thestaahd building industry professionals have
been forced to reduce their fdescompete in the prevailing lobid environment. As a result,
guality control mechanisms and building system documentation have been largely eliminated
from the building development process, andaitation and operational problems have become
commonplace.

More and more building owners commission theildings to verify that the intended design

has been implemented and to improve the likelihood that the equipment will maintain this level
of performance throughout itsdif Building commissioning prevenproblems from developing,
anticipates and regulates systeeractions, and implementsgstematic method to meet the
building’s mechanical, electricahd control requirements. &orrecting building problems,
commissioning has been found to reduce repairepldcement costs, tenant complaints, indoor
air quality problems, and liabijyi and tenant turnover costs.

The fledgling commissioning industry, though growegery year, must resolve several issues to
achieve greater penetration in the building industry and receive further support from utility
energy efficiency programs. One of theseasss how well the measures that were fixed
during commissioning persist over time.

The persistence of the benefifscommissioning was first stuetl by researchers at Texas A&M
Energy Systems Lab. Researchers studied thestggrse of existing building commissioning at
ten buildings on the Texas A&M campus andrfd a 17% increase in energy use over a period
of two years (Turner et al., 2001). At thesddngs, electricity, cHled water, and heating

water use is metered hourly, which provigesiound basis for calisted simulation and
evaluation of savings degradation

In August 2001, a California Energy Commisskublic Interest Energy Research (PIER)

project studied ten buildings that were comnaised as new buildings to address the persistence
of benefits of new building commissioning. Agfthirst formal study on peistence of benefits
from new building commissioning, the study drayuslitative conclusionabout persistence by
focusing on three issues: howlintlbe benefits of commissioning persist, the reasons for
declining performance, and methdds improving persistence.
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Methodology

The PIER research proceeded according to the following steps. A description of each step is
listed below.

Solicit and select buildings

Select measures to study from the commissioning documentation
Define criteria for persistence

Conduct interviews

Perform site visits for selected buildings

Perform utility bill analysis

e Determine reasons for persistenoe aethods for improving persistence

Solicit and select buildings

The project began by soliciting adidate buildings and selectitgn participants. In order to
participate, a facility wasequired to have undergonewbuilding commissioning or
commissioning of a major retrofit betwe2895 and 2001. A first round of phone calls to
California building owners and government représtves whose facilitieead previously been
commissioned failed to yieldriesuitable buildings for thewsdy. Commissioning providers and
California utilities were then asked to suggemtdidate buildingdased either on their
involvement with the project or their recastifacilities receivingncentives to perform
commissioning.

Commissioned buildings with adequate docutagon proved to be difficult to find in

California, and as a result theigy participants include five builigs in California and five in

the Pacific Northwest. It vgaalso necessary to expand skeepe of the study to include
buildings that did not follow the full commissiing process, defined by ASHRAE Guideline 1
as beginning during programming andig@ and following through the construction,
acceptance, and post-acceptance phases (ASHE®B). The study evaluated the persistence
of the best- documented and most completermissioning processes that were found. These
include pre-functional checks and functiotesdting. Design-phase commissioning was not
typically implemented.

Select Measures

The driving force behind the seltion of measures was the amoohinformation available.

Only measures that were implemented asragidhe commissioning process and whose fixes
included detailed documentation were includ&thny measures were eliminated because the
commissioning documentation lacked the informratecessary to compare current operation to
as-commissioned operation. In addition, adangmber of measures were reported as
“recommendations” or “pending” avdere therefore not eligible.

Qualifying measures fell into three categoriestdware; control systems; and documentation
improvements. With limited site visit and interview time, measures were selected to maximize
the value of the study results. Control systems were chosen because they can have
significant impact on energy use and are ofteilyeamdified. Maintenance issues such as
typical calibration errors and clogged filters wand studied becausestipersistence of these
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items depends more on routine maintenance tthebenefits of theriginal commissioning
process. Hardware measures that are fairlicstate fixed were not seas a high priority to
study. For example, instances where the c@sioning provider found equipment disconnected
from the power supply were notcladed. Finally, changes thastdted from design review are
not included because only one building underwent design phase commissioning.

Excluding hardware fixes and design changesdtetikely to persist wiltend to underestimate
the overall persistence of commissioning benefitee act of choosingneasures that were
feasible to investigate in the time availabiielssadditional selectionds. For example, it was

not possible to evaluate discharge air tempeeatycling during cooling operation when the
building was not calling for cooling. Due to sdlen bias, the results of this study are presented
in a qualitative manner.

Define Criteria for Persistence

Before evaluating the persistence of new caesisn commissioning beng it was important

to define persistence. In mastses, persistence ack of persistence watear. But measures
modified to meet real operag conditions do not persim exactly the way they were initially
fixed during commissioning. For example, theatliarge air temperature reset schedule might be
slightly modified if comfort requirements could not be met using the setpoints initially
implemented. Even if the original reset scheduts more energy efficient, if the modified reset
schedule still significantly improved energy eiincy compared to the pre-commissioning
operation, then the measure was said to perdiiie reset schedutead been disabled or
modified to decrease energy efficiency conaglaio the pre-commissioning operation, then the
measure did not persist. In some casespéhsistence of a measure was subjective, since
determining persistence requinedging how much the changedieeed the effectiveness of the
commissioning repair.

Conduct interviews

Telephone interviews were conducted with thespe on each facility’staff that was most
knowledgeable about the control system. The iinterview allowed the researchers to develop
an understanding of the building’s commissiondagumentation and control system. Based on
this information, six buildings were selected $ite visits and a mordetailed investigation of

the commissioning measures. A second telephtreview was conducted with the remaining
four buildings to discuss the current stateselected measures previously fixed during
commissioning. The interviews and site visiteyided valuable insight into the reasons for
persistence and the methods for improving persistence.

Perform site visits

Budget constraints limited the stuttysix half-day site visitsResearchers investigated the
persistence of selected measures previdustg during commissioning, and also gained an
understanding of the resour@silable to the operatiomssaff by examining commissioning
documentation, system drawings, O&M manuahgl aperator training opptmities. The site
visit provided the opportunity to evaludtee current state of system operation and
documentation, and also to assess the envirotwidnn which the facility’s staff operates,
including support for training andetime available for troubleshooting.

Friedman et al: Quantifying the Energy-Related Costs of Whole-Building... 4



National Conference on Building Commissioning: May 20-22, 2003

Perform utility bill analysis

The bottom-up analysis of thergestence of commissioning fixes was supplemented with utility
bill analysis to document the energy consumptibthe building over time. Due to lack of

utility bill data in some casesenly half of the buildings weranalyzed. Energy use comparisons
were initially performed using dict utility bill comparison foeach year after commissioning;
this was followed by weather-normalized caripon using baseline models and the Emodel
program (Kissock et al. 1994). A commoeather year was selected to normalize the
consumption data for weather \atfon using the procedure de&eil in Turner et al. (2001).

This weather normalization procedure assurestiigavariations in consnption determined are
not the result of year-to-yeareather variations. Adr a normal weather year was selected, the
annual energy consumption for each year wadeted and recalculated using the weather
parameters from the normal year. The normalized annual consumption values were then
compared to determine the presence or absence of consumption changes.

Results

The results of this study can beoken into two categoriesnfilings due to the difficulties in
performing the study and findings related to pleesistence of commissioning fixes. This
section presents reasons why biaidgs were difficult to locateral reports the persistence of the
measures studied. It is impantahat the discussion of thevkd of persistence of specific
measures selected for the study be considarezlation to the ae of the original
commissioning process at each facility. The messselected for study are only a small subset
of the total items fixed during the commissionpr@cess. From 20 to over 100 commissioning
items were documented at each site. Most@bihlding operators and magers felt that an
extensive commissioning effort was essential.

Identifying Appropriate Sites to Study

Identifying buildings in Califorra that qualified for the study wa long and difficult process.
The effort to contact California buildirmvners, commissioning providers, and utility
representatives began in August 2001. Bydfi&002, forty-seven building contacts had
resulted in only five qualifying participant®y comparison, in Oregon only twelve contacts
were required to yield five suitable buildingé.may have been eias to find commissioned
buildings in Oregon because there is a lorigstory of new building commissioning in the
Pacific Northwest, relative to other partstioé U.S. The study identfd several reasons why
California buildings with the required dementation were difficult to locate:

1. Commissioning summary reports were often not written.The extra effort required to
summarize the commissioning findings in anfial report was often not completed.
Therefore, there were instances whenvblumes of information produced through
commissioning were not put in a summanaaystems manual that could be used by
facilities staff to better understand theystems. One common format for the
commissioning documentation wasexies of memos (or “punchlists”) that listed items
for the contractors to fixAs these problems were fixed and removed from the list, the
details of the changes often were not documented.

Friedman et al: Quantifying the Energy-Related Costs of Whole-Building... 5



National Conference on Building Commissioning: May 20-22, 2003

2. If commissioning summary reports were witten, they were often not available to
the owner or operators. Commissioning documentation sveypically filed away in
storage, unavailable, and rarganized for easy referem Commissioning providers,
utility representatives, and building stéffit had access to these large volumes of
documentation did not have sufficient inceatto spend the timgorting through this
documentation. Ten buildings that had gtmweugh the commissioning process did not
have any commissioning documentation available.

3. New construction commissioning activites did not seem to be widespreaduildings
that were commissioned as new constarctn California between 1995 and 2001 were
difficult to find, although the study idenid many existing building commissioning
projects (often referred to as “retroramissioning”). Six new building commissioning
projects that were too newrfthe study were also found.

4. Many potential measures listed in the commissioning reports could not be
investigated because they were only recommendations and may not have been
implemented during commissioning. Commissioning ideally results in a fully
operational building, but often in regljita number of problems remain after
commissioning is formally completed. Within the list of commissioning findings, some
of the findings had not been resolvethese measures were labeled as
“recommendations” or “pending”. Problems lafiresolved in the formal commissioning
process are often expected to be implemebyenperations staff during the first year(s).
Since it was difficult to determine whenibthese recommendations were followed, they
could not be classified as benefits of thenaassioning process. Tée sites could not be
selected because the majority of coissioning findings were only indicated as
recommendations.

The lack of commissioning summary documeptatind unresolved building problems point to
the use of “commissioning” as ambrella term for a variety of activities. This finding is
supported by previous market research in Califorihe research idensfl that education is
needed on the commissioning process, sincendjerity of owners define commissioning as
primarily the testing of systems (Haasl angk&mann, 2001). In this study, each commissioning
process encountered was defined differentlgoubleshooting activitieduring construction and
simple checklists were referred to as commissigpn In the search fdyuildings participants,
commissioning providers and owseoften said of their pregt, “This was not a good example
of commissioning,” because the process was insétednto the constiction process or had a
contentious end. In effect, the persistencéhefentire commissioning process, from design-
phase to post-occupancy, was not investigabestead, the focus was the variety of ways in
which commissioning is implemented in practice.

Persistence of Specific Measures

Analysis of the persistence of specific measus the heart of this study, from which the
gualitative conclusions abopérsistence are drawn. The availability and use of the
commissioning report and writtencgeences of operation were examined at all sites, as possible
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factors for ensuring persistence. Figure A showstkasures that persisted (light gray squares)
and did not persist (black squares) at each dfethasites. A square split in half horizontally
indicates that more than one measwas investigated in the category.

BUILDING CENTRAL AIR HANDLING AND PREFUNCTIONAL
(year commissioned) DOCUMENTS PLANT DISTRIBUTION TESTS OTHER

Dessicant cooling

Duct static pressure

Piping and fitting problems
Wiring and instrumentation
Sensor placement or addition
Sensor error or failure
Skylight louver operation
Occupancy sensor

Simultaneous heating and cooling
Terminal units

3 |3 | Commissioning report on site
K Commissioning report used
?!; ?g Control sequences available
Chiller control
Cooling tower control
Boiler control
Hydronic control
Economizer control algorithm
Discharge air temperature reset
VFD modulation
Space temperature control
Valve modification
. Scheduling

Lab and Office 1 (1996

(1996)
.g Office Building 1 (1996)
g Office Building 2 (1996) no no
S Office Building 3 (1996) yes|yes| no
Office Buidling 4 (1994) no
Office Building 5 (1997) no| - |yes

Medical Facility 1 (1998) yes |yes|yes

Medical Facility 2 (1997) yes|yes| yes

Pacific Northwest

Lab and Office 2 (1997) no| - |yes
Lab and Office 3 (2000) no no

Figure A: Persistence of equipment and controls fixed during commissioning. Light
gray boxes show measures that persisted and black boxes show measures that did not
persist.

Across the ten buildings studied, patterns fertifpes of commissionirfixes that persisted
emerged. Fifty-five commissiamg fixes were studied, and the large majority of the measures
persisted. Items such as repiping and abirrg wiring, once addressed, become relatively
passive elements in the system, and thereforéspeats Other hardware fixes, such as adding a
control valve, also tended persist. When control systepnogramming code was modified,
these changes often persisted, esiy when occupant comfort was not compromised. Most of
the hydronic control problems were fixed witbntrol programming changes. Many design-
phase fixes may also persist, but we were nlet bstudy this issue since only one building had
design-phase commissioning.

Control strategies that could dgde changed without modifgg the programming code had the
most problems with persistence. Four ousigfoccupancy schedules did not persist. Chilled

water system control strategies did not persigiriee out of eight casestudy of sensor issues

was limited to major sensor problems that were corrected during commissioning, such as sensor
failure or excessively faulty readings. Witlesie selection criterigpplied, two out of four

sensor repairs did not persist.

Some new or “exotic” technologiekd not have documented conssioning repairs, and thus
were not formally selected for study, but it becaapparent that these measures tended to have
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problems. For example, evaporative coolivaes disabled, demand camitventilation was not
maintained, dimmable ballasts failed premalyrdesiccant coolintailed, and a natural
ventilation cycle was problematic. While soofehese persistee problems may have
originated from a mechanicptoblem, the lack of operattnaining in these technologies
contributed to the lack of pessence. Operators e often not trainedh the proper control
sequences and maintenance procedures for these systems.

Almost every operator interviewestressed that design probleaasitinue to require their

attention. Nine of the buildings did notlode standard design phase commissioning.
Regardless of whether or not the desigsbfgms were fixed during commissioning, these
problems are significant to persistence becauseabtqrs that constantly battle design problems
had less time to troubleshoot thefpemance of the rest of thmiilding. The operators were
aware of the lack of design phase commissioaimg)expressed that these problems should have
been caught during a design review process.

Utility Bill Analysis

The consumption of electricity and gas is shamkigures B and C, respectively, for the years
after each building was commissioned a®w building. Then the weather normalized
consumption change is shown for successivesyaaia percent increase (+) or decrease (-)
compared to the baseline year. The basgiga is defined as one full year of post-
commissioning data.

40% —e— Medical Facility 1
Medical Facility 2
S 30% - Office Building 4 - note 1
:g_ —&— Office Building 5
g 20% - —A—Lab and Offices 1
[72]
S
° 10% -
2
S
s 0%
[$]
% 1995 1996 1997 1998 1999 2001
c -10%
>
£ -20%
L
(3]
(=]
R -30% - note 1: Projected energy use with 6 months of billing data for 2000.
Bills for this facility were not normalized for weather.
-40%

Figure B: Change in Electricity Consumption in Commissioned Buildings Over Time
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Figure C: Change in Gas Consumption in Commissioned Buildings Over Time

Three of the five buildings showed lowamnsumption in years two and three following
commissioning. On average, electricity uselided by 3% and gas udy 7% in the second

year following commissioning. Electricity use svdown by 3.5% and gas use by 7% in the third
year (relative to the first year).

Discussion

This study showed that the majority of comsioning measures persisted. However, many
measures at each building were not studiedtla@e&nergy impact of the measures that did not
persist was not determined. Analysis ofilde utility bills showed decreased energy
consumption over time for three of the builgs. These buildings may have continuously
improved their systems to achieve these savifige energy crisis i€alifornia and other
Western states in 2000-2001 also played a nmajerin conservation strategies implemented
during that time. For instance, Office Building #¥plemented greatly reduced lighting levels in
hallways.

One cannot necessarily concludattthe benefits of commissiamy persisted or that operators
improved the efficiency of the HVAC systemseotime. Rather, reduced consumption may
have been in response to the high energy rats during the energy dss Without a log of
energy saving activities and submetering giifing, plug loads, and HVAC, it was not possible
to discern from the data the change in energygemption that relates to building performance.
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The issues identified in this study are critical &sin our ability to study persistence, and should
be addressed in future work.

The findings on the persistence of the meassitgtied, coupled with amnderstanding of the
operating environment at each building, poinptobable reasons for declining or persisting
performance and methods for improving persistence.

Reasons for Lack of Persistence

Problems with the persistence of new buildingraassioning benefits were found to be mainly
due to control system changes made by the operator, lack of maintenance, and lack of sensor
calibration. This investigatiowlentified three main reasons for these problems: limited operator
support and operator turnover; pamiormation transfer from theommissioning process; and a
lack of performance tracking.

First, many of the operators interviewed did have adequate suppd&ot maintaining their
buildings. This support includes training thre intended system operation and control
sequences, the time to proaetiwassess building operatiomdaguidance and motivation for
assessing energy use. Without adequate dimdetraining, preventative maintenance problems
are likely to be overlooked, leimg to issues such as poodglibrated sensors and disabled
subsystems. Operator turnover was a majoofantthe lack of knovedge about the intended
system operation. Operators became more krumekeble about the opeiat of their systems
when they were involved in the commissioning process. When these operators left the facility,
the knowledge was often lost. In general, a nperator’s training consisted of about a one-day
walk-through with the former operator. Inn3e cases, operator training at the end of the
commissioning process was inadequate. Athankeling, forms for retesting a lighting system
were provided with the commissioning reportt the operators were not trained on system
operation.

In addition to operator traing, transferring information frortihe commissioning process to
building operation can occur tiwugh documentation. This information, in the form of a systems
manual or a commissioning report, aids peraisteby giving operators the necessary systems
information to maintain equipment and troubleshproblems. In almost every case, it was
difficult to locate the commissioning report. rRbe buildings selected, seven out of ten
commissioning reports were r@atailable on-site. The lack of documentation on how the
systems should run may lead to uninformed control system changes.

Building engineers reportedahcommissioning focused on the short-term goal of providing a
well-functioning building beforéhe contractors leave. Tkemmissioning documentation was a
secondary benefit, but one that has implicationghe future operatn of the building. If
commissioning documentation is retailable, there may not laereference point for how the
building should run. For a new owner or operator, this lack of information limits the
understanding of the intended operation, dtichately could result in problems with
troubleshooting and decreased performaritthe systems knowledge gained from the
commissioning process is not available te thurrent operators through documentation or
training, the value of commissionimglessened in the long run.

Tracking energy use or key performance patarsevere not generally established through
commissioning or implemented after the final nepeas provided. Point histories and other
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control system data were occasionally viewettoubleshoot a known problem, and not as a
way to detect problems. It was clear ttiet operators were too busy responding to comfort
complaints, performing routine maintenanaed troubleshooting problento assess system
efficiency. The baseline (ammissioned) energy use was determined at only one building.
The result is that operators would need tol#istia this baseline for comparison to the current
performance.

Performance tracking begins wite utility bills. Operational problems such as off-hour
operation and high base load energy consumption can be analyzed from utility bill data, but this
practice occurred at only one building. In four otithe ten buildingghe building operations

staff had been alerted by administration of susp&changes in energy use, but the operators

did not view the utility data distly. In five buildings, the opations staff did not have access to
information about energy use.

Reasons for Persistence

In the limited number of buildingstudied, persistence of comma@sing benefits seemed to be
dependent on the working environment for buigdengineers and maintenance staff. A working
environment that was supportigépersistence included adegg@perator training, dedicated
operations staff with the time to study andilmize building operation, and an administrative
focus on building performance and energy co$tained operators were knowledgeable about
how the systems should operate and, witlgadee time and motivation, they evaluated and
improved building performance. In five buitdjs, operators participated in the commissioning
process, and the majority of these operatastbat they came awayith a good understanding
of their systems. In addition, good system docuatem in the form of system manual served
as a troubleshooting resource @merators at two buildings. Adnistrative staff can help
enable a supportive working environment by piga high priority on energy efficient systems
and operator training. Only a few of the buildirsfisdied seemed to operate in this supportive
environment, and the measures investigated a¢ flaedities had a high level of persistence.

Other measures persisted because there wassanréor change, and the measure could persist
without maintenance. For example, if a colstrepair during commssioning did not affect
comfort in the subsequent years, then the ctminost likely were not modified. Additionally,

if a controls fix was buried ithe programming code, most op@ratcould not change it without
hiring the controls contractotardware repairs, often found déhug pre-functional tests, also
tended to persist because there was no reason to intervene.
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Four Methods for Improving Persistence

The final goal for this study was to identify wapswvhich persistence may be improved. These
methods were developed with the people wheettae most control ovehe persistence of
commissioning benefits in mind - liding engineers and operators.

1. Provide operators with training and support

High operator turnover makes training and documentatiitical to help ense that the benefits
of commissioning persist over timé supportive environment for the building staff facilitates
energy tracking and proactive trdeshooting. Building operator déication isone means of
providing this advancettaining (Price, 2001).

2. Provide a complete systems manual at the end of the commissioning process.

The systems manual is the ingiibmal memory for the building,n@ this information assists the
staff in ensuring that the beiitsfof commissioning persist. &hsystems manual should include
the design intent, system descriptions, sequeoicegeration, and a commissioning report. The
commissioning report should summarize thedeficies found during commissioning and set
the baseline performance ogtbuilding. If the systems knowledge gained from the
commissioning process is not available to theent operators, the vawf commissioning is
decreased in the long term. Without adeqagttem documentation, the baseline operation of
the systems after commissioniisgunknown. It is this baseline to which current operation
should be compared over time through a tracking method.

3. Track building performance

New building commissioning efforts shouldhémplement mechanisms for performance
tracking, including what information to track,wmften to check it, and the magnitude of
deviations to address. Using the basebperation documented in the systems manual,
operators can monitor whole buiig energy use and the efficiency of major equipment. The
performance tracking system could also prowddsistance in troubleshowy when deviations
from the baseline are detected. These padioce tracking activitieare beginning to be
automated by a number of diagnostic softwamdst (Friedman and Piette, 2001). Training for
these tracking efforts is essential for success.

4. Start commissioning in the design phase to prevent nagging design problems.

The most cost effective benefits of corssioning often occur duriripe design phase, when
changes in design are made on paper, rathardhring construction after construction is
complete. These changes would likegve high rates of persistence.

A manual describing these strategies for imprgvhe persistence of commissioning benefits
will be available in July 2003. The mantdiatuses on providing building managers the
arguments behind why each strategy is impoytamd an overview of tools for implementing
these strategies. Commissioning providers will &fs this manual useful as they strive to
improve the persisterof their services.
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Future Study

Studying the persistence of commissing benefits retroactively is very difficult, mainly due to
missing building and commissioning documermtati Without a good understanding of the
improvements that the commissioning procesdandetermining if these improvements have
persisted is futile. Building documentation s@shcommissioning reports or systems manuals
need to include this detail about the meastixesl during the commssioning process. When
studying whole building energy to @emine persistence, one must have detailed information to
separate changes in energy tlubuilding use changes and olgas in energy due to system
performance. This documentation includes resafdchanges in building occupancy, use, and
conservation strategies (as apense to energy crisis). Without this information, it will be
difficult to tease out of the energy bills the iease or decrease in usage over time due to
problems with persistence.

As a result of these documentation issues, it is difficult to quantify how well the benefits of
commissioning persist. Future reseamneleds to begin with better commissioning
documentation. And due to the complexity of mesg) persistence, this research needs to be
carefully planned for implementation retroaeti, as well as with future commissioned
buildings.

To address this need, an integrated plastiodying the persistence cdmmissioning benefits
should be developed. This plan will outline tthata that needs to be collected during
commissioning in order to study commissioning liggie Future work should build upon the 10
building study by analyzing more buildings witktter data from both macro (whole building
energy use over time) and micro (persistencgpetific measures) viewpoint. The macro view
will be better represented ifature study through the use of submetering and building event
logs. The micro view will be liger represented in futureusty through better documentation of
the findings and resolutions dng the commissioning process.

The Commissioning Case Study Databaserscent project fundeby the California
Commissioning Collaborative anddéféc Gas & Electric Company as a way to standardize case
study information across Californé@mmissioning projects. In this manner, commissioning cost
and benefits information can be gatheaad analyzed in a standardized way. The
Commissioning Case Study Databatso provides a key opportiymito collect the information
necessary to study the petsisce of these benefits.

The results of future studies will be valuatdehe utility program managers interested in
assessing the value of commissioning as wetlbasmissioning stakeholders interested in
ensuring the persistence of thenefits of commissioning. As more buildings are studied, we
will better understand the expected “life” anduking cost-effectiveness of the commissioning
process.
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Conclusions

While many of the commissioning benefits studiedi persist, there aienumber of strategies
that can be used to improve persisteritle lack of commissioning documentation and a
limited level of support for operators in thenmmissioned buildings wesdied did not promote
persistence. Even with these shortcomiagsyge number of the measures fixed during the
commissioning process persisted. Operatoroamekrs consider the commissioning process as
essential for providing well-functioning HVAC atighting systems - views that are supported
by the large number of problems ideietif and resolved at each building.

Further research is needed in this area. Taotgatvely document the level of persistence in
newly commissioned buildings a much larganp& must be studied, building documentation
made more complete, and more time allocataduestigating the persistence of specific
measures.

The success and cost-effectiveness of commisgjaeépends on how long the benefits persist.
Without a good understanding of how to improvesgtence, many benefits of commissioning
will be lost. Bridging the gap between buildicommissioning and day-to-day operations is a
challenge that should continue todmdressed by the commissioning industry.
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