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9 Commissioning of lighting systems

9.1 Definition of Commissioning

The demands of building users regarding the builvieonment are growing. We all want a
comfortable and healthy indoor environment but essiee use of natural resources and pollution of
outdoor environment we do not accept any more. €hergy consumption and the energy costs
should indeed be kept on a low level. The heatimgntilation and air conditioning (HVAC)
industry seeks solutions to fulfil these higher uegments. Many new products and systems are
developed such as high efficiency generation systasing renewable energy sources, low energy
cooling systems, natural ventilation systems artdgrated control systems. We are clearly leaving
the time of low efficiency stand alone products ardering the period of high efficiency integrated
systems.

Moving from simple products to large systems enahls to develop more efficient and flexible
solutions, but leads to a higher level of complgxiComplexity increases for the building owner,
who has to define the Owner's Project Requirem@fR) in greater detail. It also increases for the
designer who has to design and define a full systenthe basis of a growing number of attractive
components. Complexity increases for the instaio has to install large systems which are all
different, often innovative and have complex cohtemd complex interactions. Complexity
increases for the users who have access to morenanel choices for the operation of the building.

The management of this complexity requires new apphes, new skills and new tools. Most of
these were not available 20 years ago and are eitiayight at school. Commissioning is one of the
new approaches to manage the complexity of todayilsling and HVAC systems.

Commissioning

Commissioning is done for the number of reasonsrifiling building system performance
requirements set by the owner, auditing differeamtigments and actions by the commissioning
related parties in order to realize the performarnvegting necessary and sufficient documentation,
and verifying that the system enables proper op@mattnd maintenance through functional
performance testing. Commissioning should be appleough the whole life cycle of the building.
In the coming years, commissioning will probablyweép for three main reasons:

— Energy and environment related reasons: Global wagrhas increased
the pressure to reduce energy use in buildings.

— Business related reasons: Many companies are daneglomew services
to diversify their activities in the building andhergy industries. They see
the commissioning as a way to develop new busirfesshe benefit of
their customers.

— Technological reasons: Building automation systemesnow standard in
new buildings and are being installed in many oldaes. These systems
automatically collect building and plant operatingata and offer
possibilities for innovative commissioning services

The primary obstacles that impede the adoption aihmissioning as a routine process for all
buildings are clearly lack of awareness, lack ahe, and too high costs. Hence, efforts for
improvement should consider how new tools, meth@igl organizations can increase the
awareness of commissioning, decrease the cost ardonstrate the benefits obtained by
performing commissioning.
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9 COMMISSIONING OF LIGHTING SYSTEMS

9.2 Definition of the Commissioning Process

Commissioning is a quality-oriented process foriaemg, verifying, and documenting whether the
performance of a building’s systems and assemintiest defined objectives and criteria.

Commissioning is too often viewed as a task perfednto check operational performance after a
building is constructed and before it is handed roteethe building owner. A broader view was
clearly favoured, which starts at the predesigngghaoes through the construction process, and
continues during operation. This broader view aiatsbridging the gaps among four different
visions: the expectations of the building ownee firoject of the designer, the assembled system of
the contractor, and the running system of the ofper&ridging these gaps will consist in:

— clarifying the expectation of the building owner abtain the owner’s
project requirements so that the owner and desigmaterstand each
other and are in agreement

— translating the project of the designer to speaificns which can be
understood and realized and verified by the conitnac

— applying functional performance testing procedussch will enable the
contractor the building owner and the designereafy that the system is
clearly operating as expected

— producing system manuals which will enable the aparto take the best
profit of the ideas of the designers and of theteys realized by the
contractor to fulfill owner requirements

— producing reports at regular interval which will &ble the operator and
the building owner to check that the operation @omés to fulfill these
requirements

In this broader view, the Commissioning processibhg@t project inception during the predesign
phase and continues for the life of the facilitydabigh the occupancy and operation phase. This
global view aims at providing a uniform, integrateahd consistent approach for delivering and
operating facilities that meet the on-going reqments of the owner. This broad view could appear
to many users as a dream which could be realizeal fiew projects but which is too far from their
day to day practice to be applicable to their pobge In practice, one can differentiate four tygds
commissioning which are represented in Figure 9-1:
— Initial Commissioning (I-Cx) is a systematic prosesapplied to
production of a new building and/or an installatiohnew systems.
— Retro-Commissioning (Retro-Cx) is the first timensmissioning which
is implemented in an existing building in which ao@imented
commissioning process was not previously implemente
— Re-Commissioning (Re-Cx) is a commissioning procesplemented
after I-Cx or Retro-Cx when the owner hopes to fserimprove and
document the performance of building systems.
— On-Going Commissioning (On-Going CX) is a commissig process
conducted continually for the purposes of maintagiimproving and
optimizing the performance of building systems aft€x or Retro-Cx.
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Initial Commissioning On-Going Commissioning
g >
Initial Commissioning Re-Commissioning
L |
Missing Initial Commissioning (or missing documentation on Initial Commissioning ) Retro-Commissioning
_>
Production Operation & Maintenance
Pre-Design Design Elaboration Construction Occupancy & Operation
Program Planning Prehm_mary Worl_<|ng Elaboration | Construction | Acceptance Post: Ordinary Operation
design design Acceptance

Figure 9-1. The 4 different types of commissioning.

The building process from design to operation isa#&ed in relation to the HVAC commissioning
activities.

Phaza 1 Phasa 2 Phasa 3 Phase 4 Phasze 5

Actors
Pre-Design Phase
Program Step & Planning Step
Design Phase

Praliminary Design Stap & Working Dresign Step

Elaboration Phase

Construction Phase
Construction Step & Acceptance Step
Occupancy & Operation Phase

Post-Acceptanca Step & Ordinary Operation Step

Schedule of the processes of design

—_— e

Figure 9-2. Different building processes.

Pre-Design Phase

Pre-Design Phase is the first phase of the I-Cxcpss, divided into two steps, namely:
— Program Step
— Planning Step

Program Step

The Owner’s Program (OP) is established and theesvgenerates request for proposal and solicits
a Cx-Authority (CA). At this stage, the owner caskafor inside and/or outside professionals for
advice on technology, finance, business and coostm.
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Planning Step

The appointment of the CA typically defines the begng of the planning step. The CA consults

the construction manager, facility manager, finah@advisor, operation and maintenance staff,
occupant, etc., to identify the systems targeted@ommissioning and documents. In addition, the
CA will assist the owner and consultants in estimgtcosts for design, construction, Testing

Adjusting & Balancing (TAB) and investigate the mssary regulations related to the

Commissioning. The scope of the work varies widdBpending on the project size and owner's
requirements for Commissioning. But in general, #osuccessful Cx Process, the CA develops a
commissioning plan and with the owner formulates tdesign requirements. The design

requirement in conjunction with the owner’s requirent is used to generate the Owner’s Project
Requirement (OPR). The OPR allows a design profesdito propose a firm design. Consequently,

an request for proposal is generated and usedéctse design professional for the project.

Design Phase
Design phase begins with drafting schematic plagmiocuments and ends with completion of
design documents and their handover to the owndriswdivided into two steps, namely:

— Preliminary Design Step

— Working Design Step

Preliminary Design Step

The preliminary design step begins with schematlanping documents and ends with the
submission of the preliminary design documents. T0& verifies that these documents are
appropriate and clarifies the procedure and sched@lCommissioning. The CA coordinates the
commissioning plan with the design intent so théte tdesign professional can state the
commissioning specification in the design documents

Working Design Step

The final design documents are developed. The degigfessional updates the draft design intent
document in the preliminary design documents anthgletes the final design documents. The CA
audits these documents for completeness. The destge responsibility of the design professional.
Inconsistencies with the OPR, however, should lghlghted to the owner by the CA.

Elaboration Phase

The elaboration phase is the transitional phase/®eh completion of design and commencement of
construction. In this period, the completion of thenstruction documents, bid submission, bid
assessment and selection of the contractor forcthestruction is carried out. The CA helps to

coordinate the commissioning related parties.

Construction Phase

Includes construction, testing adjusting & balamgifrunctional Performance Testing (FPT) and
acceptance, under the guidance of the CA and isrde=d in two steps:

— Construction Step

— Acceptance Step

Construction Step

Shop drawings are created from the design documé&¥tsk is installed and testing adjusting &
balancing is carried out. The CA conveys change®BR to the commissioning related parties or
proposes design changes to ensure performancehisvad. The CA audits performance of the
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construction supervision and control, and supes/tbe TAB work confirming the maintainability
of building systems with the owner.

Acceptance Step

The CA verifies the TAB work, the correctness okths-built records and determines from FPT
results whether the operations of the equipment aystems meet the OPR. Deficiencies are
addressed by the appropriate party. The CA plamksmanages the training program.

Occupancy & Operation Phase

The occupancy and operation phase takes place hfiedover when the building systems are
operating acceptably. Some seasonal FPT will &lrequired with certain systems. There are two
steps:

— Post-Acceptance Step

— Ordinary Operation Step

Post-Acceptance Step

The post-acceptance step applies to building systemwhich the performance is seasonally
changed and the design requirement demands cornfomaf the annual performance (HVAC
systems). This is the final step of the I-Cx prage§he role of the CA in this step is to identiflyet
seasonal system performance. This might include KRWAC systems) determining the system
performance for the peak-cooling season, the pesdtihg season, and the intermediate season
when cooling and heating modes are both requir@d. I5 used in conjunction with the BEMS after
faults identified in the acceptance step have bestified. The term of the post-acceptance step
mostly overlaps with the warranty term of the canstion and the seasonal FPT mentioned above
is considered to be requested in the range of tmstruction.

Ordinary Operation Step

In the ordinary operation step, the evaluation wlwkthe Re-Cx and/or On-Going Cx to identify
the unresolved issues, desired changes, weaknedsatified, desirable improvements identified
during Commissioning, warranty action items, etoay be addressed. The repeated Re-Cx could
correct faults and the evolution to the On-Going @&y maintain the building systems in optimal
condition through the life of the building.

9.3 The commissioning plan: A tool to structure the conmissioning process

Whatever organization approach is chosen, the kejienge to commission a building or system is
to follow a well managed process. A central docubfen that purpose is the Commissioning Plan
which defines the actions to be performed.

The Commissioning Plan is the key tool that givies tlifferent players an understanding of what is
meant by commissioning on a specific project, whaatount of effort and money will be required

and how it will be managed. The global content lmstCommissioning Plan will be defined at the
beginning of the project and will be refined albalg the project.

Three types of tools were used within the Annexstgport the definition and application of the
Commissioning Plan. The following table gives areoxiew of these three types of tools:
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Table 9-1.Tools used in commissioning plans.

Tool Description Level of detalil
Standard Models of A typical description of commissioning actions during a Medium
Commissioning plans project.
(SMCxP) To be used as a guideline to define commissioning p lan
for a given project.
Checkilists Medium level of definition of a commissioning plan is low
specific to a given type of HVAC system.
Matrix for Quality An extensive tool for the management of the quality of the high
Control (QMC) whole construction project.
Includes commissioning plan as well as other elements in
a very structured way.

9.3.1 Standard model of commissioning plans

These standard models include typical lists of sagkth a description of the content of each task.
They can be used as a basis to define customizedrissioning Plans adapted to a given project.
Five standards models of Commissioning Plans afie@. The appropriate model can be selected
by a risk evaluation which takes into account bintgl size, HVAC system complexity and the
accepted risk level.

Building size
The risk of malfunctions increases when one mowvesnf small heated buildings to large air
conditioned buildings.

HVAC system complexity

HVAC packaged units designed to perform multipledtions to meet specifications which have

been selected for a given building. Distributed teyss, such has hydronic heating system or
centralized air conditioning systems, are connedtedugh air or water networks to constitute

unique systems. The risk of poor design and inatah is clearly higher with distributed systems.

Therefore, they require more intensive commissignin

The accepted risk level

The accepted risk level depends on:

— The building owner and operator strategy: When fineire user of the
building is involved in the project from the begimg, the approach
chosen to look at future operation of the buildirggoften much more
detailed. So, the effort put in commissioning canrbuch more intensive.

— Criticality of building operation: Laboratories, w©wuter centers,
industrial and headquarter buildings are examplédwldings where
malfunction may have high economic or image impaktsuch buildings
the commissioning effort can also be more intensthan in other
buildings.

9.3.2 Checklist

The minimum version of a Commissioning Plan is eecklist defining the verifications to be
performed as the project progresses to ensurecttitatal actions were effectively performed. The
key advantage of the checklist is its simplicityndre would be no need to use a special software or
for in-depth training of the users. The main disadtage is that it defines what to do but not how to
do it and does not include a documentation of #uits obtained.
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In simple projects, where an independent commisegauthority generally will not be involved,
the checklist enables the project manager to appihginimum of quality control. Checkpoints are
especially important when proceeding from one projghase to the next. These checklists will be
used by each party involved in the project.

9.3.3 Matrix for quality control

Matrix for Quality Control (MQC) was initially deMeped in the Netherlands as a tool for the

overall quality control of climate control Climaténstallations. In the Netherlands, the MQC

structure has been elaborated for heating systeardsdamestic ventilation systems. Its intention is
to control the total production process includingesifications, design, construction, hand-over and
operation. It focuses on avoiding failures on atbsegic aspects and phases in this process.

The most important characteristic of MQC for HVA@stems is a structure that follows through all
the process phases. This enables planners to bugdnumber of strategic decision points in the
building and system process and to assess if @systeets the targets and requirements, as defined
in the program phase. The total quality requiredesermined by several aspects (not only technical
but also financial, organisational and communicasio

This leads to a so-called quality control matrixn @e horizontal axis of the matrix, the phases of
the process are presented. On the vertical axisemmatrix, quality control elements are listed.

9.4 How to execute the commissioning plan

The commissioning plan defines a list of tasks ¢thiave, verify and document the performance of
the building. Users need some tools to be ableadqgum tasks defined in the commissioning plan.
Annex 40 identified three types of tools to perfothese kinds of tasks. These three tasks are listed
below:

— Functional performance testing (FTP)

— Using the building control system for commissioning

— Using models at the component level

9.4.1 Functional performance testing (FTP)

Many actors around the world have already developethe performance procedures. The main
challenges today consists in making the best usxsiting procedures adapted to national building
industry and contract standards, and only devekp anes when required.

IEA Annex 40 (IEA 2001) strategy consisted in sgegirig the commissioning process and the tools
actually required for the application of each corssioning plan, in addition to transferring existing
procedures from one country to another one andewetbping new required procedures. The main
information sources were localized, among them B, Where an important data base is available.
This source was very much used in the frame of l&#nex 40. Each component has a well defined
function inside the whole HVAC system. Any malfuitot can compromise the correct behaviour
of the whole system. The malfunction may occur tlre

— Design faults

— Selection or sizing mistakes

— Manufacturing fault or initial deterioration

— Installation faults

— Wrong tuning

— Control failure
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— Abnormal conditions of use.

The FPT is devoted to the detection of such possibalfunction and to its diagnosis. The test can
be active or passive, according to the way of amaly the component behaviour i.e. with or
without artificial perturbation. Active tests areostly applied in initial commissioning, i.e. at the
end of the building construction phase. Later ia Building Life Cycle (BLC), i.e. in re-, retro- @&h
on-going commissioning, a passive approach is Ugymkferred, in order to preserve health and
comfort conditions inside all the building occupgnzones. A generic description of a FPT
includes:

— A description of the system, subsystem or compogensidered

— A presentation of the testing procedure

— Some additional possibilities (model use and pabsilof automation

FPT can be realized on the whole system, a subsyg$several interconnected components) or on
specific components that are considered as critida¢ selection of the appropriate level is made on
the basis of risk in relation with the acceptancéetia. The search for malfunctions can either
follow a top-down or bottom-up route:

Top-down

The whole system functional performances are fustified, moving on to subsystems and then
onto specific components as malfunctions are foand require investigation. The goal is not to
verify if a component is good or bad in itself, biat check if it's correctly integrated in the syste
considered.

One problem is the possibility that energy-wastisiguations could be missed. For example, a
poorly-tuned control may cause an air handling daitycle between heating and cooling. If the
zone temperature doesn't vary too much and stags nvear to its set point, the problem might not
be apparent. Such faults may be found at the sys¢eel only, if the losses are great enough to be
obvious when compared with expectations.

Bottom-up

Starts by confirming the performance of an elemgntmmponent and progressively working up to
the whole system. This may be more appropriatardial commissioning, following construction.
It allows a safer identification of local defaultsut it may require excessive effort.

9.4.2 Using the building control system for commissioning

Today, microprocessor-based control systems aré tssautomatically operate many of the major
energy systems in buildings. As technology contsoe evolve, the trend is for more systems to
come under the action of automatic control and fisparate systems to be integrated across
communication networks. Automatic control systenignmate the need for dedicated manual
operators and can reduce costs. Modern controegysialso allow the operation of multiple energy
systems to be coordinated according to advancettlingilevel strategies. The proliferation of
automation in buildings has led to a situation irhieh realizable building performance is
fundamentally dependent on the control system. Awpoartant part of commissioning should
therefore be to ensure that the control systenperating properly.

It is useful at this point to define what componggbnstitute the building control system. Firstisit
assumed that the control system encompasses batlwage and software. On the hardware side,
the scope of definition is limited to the compongstich as sensors, actuators, wiring, switches, and
(microprocessor-based) control devices. The bounftarthe hardware side is, therefore, the point
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of interface to the energy systems and the cordgtbnvironment. Scope on the software side is
limited to the control algorithms, user interfacand other miscellaneous functionality that is
typically packaged in modern systems. Control systeare becoming more modular and, from a
commissioning perspective, modularization helpsmtove some of the onuses of testing onto the
factory and component vendor. A valid expectatistherefore that components, whether hardware
or software, have been tested before arriving dtudding for installation. The most important
aspects then to verify and commission on-site viaé those that have been affected by the
installation process. For example, checking wirengd panel connections is very important as is
verifying that all on-site software downloads andmnfigurations have been successful. Pre-
calibrated sensors are reducing the need for waddessensor validation but an important and
related commissioning task is to check whether sepsints have been correctly mapped into the
control logic.

In addition to commissioning the control systenelfsthe control system can also be used as a tool
for carrying out commissioning on the energy systenA control system can serve as a

commissioning tool by making use of its ability toanipulate energy systems through interfaces
such as actuators and switches. The idea is toycaut tests that involve making changes to a
particular system through the control system rathan by direct manipulation. Sensors connected
to the control system allow the effects of change®e measured and recorded. Different levels of
automation can be applied when using the contr@tesy as a commissioning tool. A human

operator can perform tests through a user-interfaaeal or test procedures can be programmed
into the control system and be activated by a uS&rying degrees of automation can also be
employed in the analysis of test results.

9.4.3Using models at the component level

The following steps comprise @se casdor a general purpose, component-level, and mbasked
commissioning tool that can be used both for init@ammissioning and for performance monitoring
during routine operation:

— For automated functional performance testing, thedet is configured
using manufacturers' performance data and systesigiéenformation. In
general, the model parameters will be determinedabgombination of
direct calculation and regression.

— An active test is performed to verify that the pmrhance of the
component is acceptably close to the expected padace. This test
involves forcing the equipment to operate at aeeof selected operating
points specifically chosen to verify particular asps of performance (e.g.
capacity, leakage).

— The test results are analyzed, preferably in réakf to detect and, if
possible, to diagnose faults.

— If necessary, the test is performed again to comfthat any faults that
resulted in unacceptable performance have beed fi®@ace the results of
this test are deemed acceptable, they are takedefme correct (i.e.
acceptable) operation.

— The model is re-calibrated using the acceptableressuilts.

— The tool is used to monitor performance during airg operation. This
will typically be done in passive mode, though aetitesting could be
performed at particular times, e.g. every weekerafter routine
maintenance, after system modifications or retrofin change of
ownership, etc.
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9.5 Applying commissioning process to the lighting conbl system

The aim of the commissioning applied to the liglgticontrol system is to verify if the performance
of this system meet the defined performance antkiGa. The first step consists of collecting the
performance targets of the system and definingctiteria to assess these performance.

9.5.1 Objectives of lighting systems

Adequate and appropriate lighting should be prodlide that people are able to perform visual
tasks efficiently and accurately. The illuminatioan be provided by daylight, artificial lighting ar
combination of both. The level of illuminance andnafort required in a wide range of work places
is governed by the type and duration of activity.

9.5.2 Criteria for lighting systems quality

For good lighting practice, it is essential thaetfualitative and quantitative needs are satisiired
addition to the required illuminance. Lighting regements are determined by the satisfaction of
three basic human needs:
— Visual comfort which enables the workers to haviealing of well-being
(in an indirect way) also contributing to a highggluctivity level
— Visual performance which enables the workers tofqren their visual
tasks, even under difficult circumstances and dyitionger periods with
comfort.
— Safety

Main parameters determining the luminous environnaee:
— Luminance distribution
— llluminance
— Glare
— Directionality of light
— Color rendering and color appearance of the light
— Flicker and stroboscopic effects
— Maintenance factor
— Energy considerations
— Daylight

Methods of calculation of all these parametersaailable in the European standard EN 15251.

9.5.3Indicators to evaluate the performance of lightingystem

Previous paragraph defines a list of criteria fayhting system. Some indicators are necessary to
evaluate these criteria.

Luminance distribution

The luminance distribution in the field of view ctols the adaptation level of the eyes which
affects task visibility. A well balanced adaptatibmminance is needed to increase:
— Visual acuity (sharpness of vision)
— Contrast sensitivity (discrimination of small rels Iluminance
differences)
— Efficiency of the ocular functions (such as accongation, convergence,
pupil contraction, eye movements etc.)
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The luminance distribution in the field of view alsffects visual comfort. The following situations
should be avoided for the reasons given:
— Too high luminances which may give rise to glare
— Too high luminance contrasts which will cause faggbecause of
constant re-adaptation of the eyes
— Too low luminances and too low luminance contrastsch result in a
dull and non-stimulating working environment

lluminance

The illuminance and its distribution on the taskearand the surrounding area have a great impact
on how quickly, safely and comfortably a person qeves and carries out the visual task. All
values of illuminances specified in the Europeaanstard EN 12464 are maintained illuminances
and will provide for visual comfort and performanceeds.

Glare

Glare is the sensation produced by bright areasiwithe field of view and may be experienced
either as discomfort glare or disability glare. @&acaused by reflections in specular surfaces is
usually known as veiling reflections or reflectethige. It is important to limit the glare to avoid
errors, fatigue and accidents. In interior work gda, discomfort glare may arise directly from
bright luminaires or windows. If discomfort glarerlits are met, disability glare is not usually a
major problem.

Directionality of light

Directional lighting may be used to highlight objecreveal texture and improve the appearance of
people within the space. This is described by tent modelling. Directional lighting of a visual
task may also affect its visibility.

Color aspects

The color qualities of a near-white lamp are chégased by two attributes:
— The color appearance of the lamp itself,
— lIts color rendering capabilities, which affect tloelor appearance of
objects and persons illuminated by the lamp.

These two attributes shall be considered separately

Flicker

Flicker causes distraction and may give rise to blpgical effects such as headaches.
Stroboscopic effects can lead to dangerous sitnatity changing the perceived motion of rotating
or reciprocating machinery. Lighting systems sholéddesigned to avoid flicker and stroboscopic
effects.

Maintenance factor

The lighting scheme should be designed with an alWanaintenance factor calculated for the

selected lighting equipment, space environment specified maintenance schedule. The recom-
mended illuminance level for each task is givemaantained illuminance. The maintenance factor
depends on the maintenance characteristics of éimepland control gear, the luminaire, the

environment and the maintenance programme. Thegdesshall:
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9 COMMISSIONING OF LIGHTING SYSTEMS

— state the maintenance factor and list all assummgtionade in the
derivation of the value

— specify lighting equipment suitable for the apptioa environment

— prepare a comprehensive maintenance schedule kadmdrequency of
lamp replacement, luminaire and room cleaning wveés and cleaning
method.

Energy considerations

A lighting installation should meet the lightingqeirements of a particular space without waste of
energy. However, it is important not to compromige visual aspects of a lighting installation
simply to reduce energy consumption. This requitke consideration of appropriate lighting
systems, equipment, controls and the use of avialdaylight.

Daylight

Daylight may provide all or part of the lighting fovisual tasks. It varies in level and spectral
composition with time and thus provides variabiliyithin an interior. Daylight may create a
specific modelling and luminance distribution dweits nearly horizontal flow of light from side
windows. Windows may provide visual contact witletbutside environment, which is preferred by
most people.

In interiors with side windows, the amount of awaile daylight decreases rapidly with the distance
from the window. Supplementary lighting is neededehsure the required illuminance level at the
work place and to balance the luminance distributwithin the room. Automatic or manual
switching and/or dimming may be used to ensure appate integration between electric lighting
and daylight. To reduce glare from windows, scregrshould be provided where appropriate.

9.6 Example of a Commissioning Plan applied to the ligting system

The purpose of the commissioning plan is to provitleection for the commissioning process
during the life cycle of the building. It provide®gsolution for issues such as scheduling, roles and
responsibilities, lines of communication and repagt approvals, and coordination.

The commissioning plan defined at each step offfoeess the list of tasks to perform to assess the
performance of the system. Associated tools cowddalso associated to help the commissioning
provider to perform tasks. Tasks defined in the ooissioning plan could be shared in two parts,
namely; organisational part and technical part. Tdmnmissioning plan could also provide a
general description of the commissioning team irdesr to identify persons relevant to the
commissioning process.

The objective is to be able to contact the rightgmn in case of malfunctioning of buildings or

systems of the building. Each related actors shdwddidentified by his name, address, phone
number and e-mail address.
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Program
step

Cx Organizational

Check that the list of the relevant to take into ac count has been defined.

Cx Technical

Check that the occupant’s lighting needs (Lighting requirement and calculation & lighting zone assumptions) have been defined.

Check that the energy performance of the lighting s ystem has been defined.

Cx Organizational

Check that the lighting system control method is de fined.

Check that each room has its own control system.

Check that each local, luminaires of the row closet to the windows could be controlled separately.

,% Check that the designer specified lighting equipment are suitable for the application environment.
2 Cx Technical
% Check that time delay and sensitivity are defined f or each work space.
g Check that the sensitivity to change in daylight is defined for local room conditions.
= Check that the ranges of the reflectance for the ma jor interior surfaces are in accordance with EN-124 64
X Check that lamps with a color rendering index lower than 80 are not used in interiors where people wor k or stay longer periods.
§ Check that the designer states the maintenance fact or and lists all assumptions made in the derivation of the value.
Check that the designer prepares a comprehensive maintenance schedule to include frequency of lamp rep lacement, luminaries
and room cleaning intervals and cleaning method.
Check that the uniformity of the illuminance is sup erior at 0.7 for the work plane and 0.5 for immedia te surroundings.
For offices check that the minimum shielding angles shall be applied for the specified lamp luminance.
Cx Organizational
Check that the plans of the offer answer the initia | requirements.
Check that the hypotheses of calculation are justif ied.
a Check that plans take into account the location of the components of the installation.
% Check that the plans take into account the accesses allowing the maintenance.
5 Check that the list of the tests and controls is in cluded in the answer to the offer.
= Cx Technical
‘g Check that the description of the heating system is complete (design, components, performance):
© a) List and description of the main ¢ omponents
o b) Location of the components
Check that the access to the sensors is easy but no t so accessible that unauthorized personnel can int erfere with it.
Check that DC electrical supply is used for incande scent lamps or that incandescent or discharge lamps are of high frequencies.
For offices check that the installed power in inter ior to 2.2 W/m?/100lux and 2.5 W/mZ?/100lux for corridors.
- Cx Organizational
Q Cx Technical
2 Check that lighting systems control is well connect ed.
-% Check that schedule of the lighting system is imple mented into the building energy management system.
= For sweep-off system, check that appropriate start and stop times are set to accommodate weekdays, wee kends and holidays
@ operation.
8 For daylight-linked system be sure all furnishings and interior surface materials are installed before calibration.
For manual dimming, check that the dimmer has been installed in correct position adjacent to the wall switch as par drawings
Cx Organizational
Provide building maintenance personnel with all nec essary documentation and operation instructions to re-commission and
maintain the system.
Check that a user’s guide has been written.
§ Check the periodicity of the maintenance’s inspection.
i Cx Technical
o Check that placements and orientation of the sensor s are correct according to the plans.
g Check that the sensitivity of the occupancy sensor is adjusted.
9 Check that the time delay of the occupancy sensor i s adjusted according to the room.
< Check that the schedule of the lighting system meet s the effective functioning of the lighting system.
Check that local and/or central overrides are well taken into account.
Check that the lighting system is well controlled.
For dimming system, check burn in new lamps by oper ating the lamps at full power continuously for 100 hours.
For daylight-linked system, check that the light se nsor is calibrated in order to obtain desired light level at the work surface.
s o | _CxOrganizational
.. @2 2 | Inform occupants about the functionality of the con trols and, particularly, the overrides.
8 8 @ ["CxTechnical
a3

Check that the operation of the lighting system mee ts the requirement defined in the book of specifica tions.

Post post-
acceptance step

Cx Organizational

Check that the performance of lighting equipments i s yearly evaluated.

Check that the sensors are yearly cleaned up (every six months for outside sensors).

Cx Technical

Check that the re-calibration of the sensors is don e if the environment of the building has changed (c onstruction of the new
building, for example)

In the case of modification of the zone destination , check that scheduling defined in the building ene rgy management system still
corresponds to the zone.

Figure 9-3. Tasks of the Commissioning plan for lighting system

243




9 COMMISSIONING OF LIGHTING SYSTEMS

References

IEA, 2001. IEA Annex 40 - Commissioning of BuildingVAC Systems for Improving Energy Performance, siéd
http://www.ecbcs.org/annexes/annex40.htm

IEA, 2004. IEA Annex 31 report: Environmental framerk, IEA ECBCS 2004, 24 pp.
IEA, 2000. IEA SHC Task 21/ Annex 29 report: Desiguidelines-Daylighting guidelines, July 2000.

ANSI/ASHRAE, 2002. ANSI/ASRAE Standard 135-2001:data communication protocol for building management
and control networks (BACnet specification), Ap2iD02.

DALI, 2004a. Digital Addressable Lighting Interfacé€DALI) control devices protocol part 1-2004, geaér
requirements, draft version 1.13, 29-10-2004, NEstandard publication.

DALI, 2004b. Digital Addressable Lighting Interfa¢BALI) control devices protocol part 2-2004, spicicommands
for control devices, draft-version 1.13, 29-10-20BEMA standard publication.

Jennings et al., 2000. Comparison of control opgignprivate offices in an advanced lighting coértestbed. Journal
of the Illluminating Engineering Society 2000; p 89-

E Source ,2004. Design briefs: Lighting control,&egy design resources, report published on 2 M&@b4, available
at: http://www.energydesignresources.com.

The Watt Stopper. Lighting control best practicedg Office buildings, available at http://www.wstbpper.com.

New buildings institute, 2003. Advanced lightingidelines: 2003 edition, New buildings institute |navailable at
http://www.newbuildings.org/lighting.htm.

Bierman A, Morante P, 2003. Lighting controls- whewre are and where are we going, presentation $o@ation of
energy services professionals™Aational energy service conference and expositDecember 9, 2003, Lighting
Research Centre/ Rensselaer Polytechnic Institute.

Peter Morante, 2005. Reducing barriers to the ushigh-efficiency lighting systems, technical repoRensselaer
Polytechnic Institute, 2005.

California energy commission, 1999. Lighting eféaicy technology report: Volume | — California basel Volume I
— Scenarios, Volume IlI — Market barriers reportolMme IV — Recommendations report, California energ
commission, P400-98-004VI.

Mistrick et al., 1999. An analysis of photosensaontrolled dimming systems in a small office, Illunating
engineering society of North America 1999 annuatfeoence proceedings, IESNA, New York, pp 433-448.

Viljanen, T., Halonen, L., Lehtovaara, J., Advancighting control technologies for user satisfactiand energy
efficiency, Proceedings of Right Light 4, Vol. 1921.11. 1997.

Rubinstein, F., Treado, S., Pettler, P., 2003. 8tadizing communication between lighting controvides: a role for
IEEE P1451, in proceedings of IEEE Industry Apptioas Conference, Oct 2003, volume 2, p 805-811.

ENOCEAN, 2007. Enocean home page, 2007, http://vemacean.de.

244



