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Program for today

9:30-10:45 Commissioning Introduction

10:45-11:00 Coffee Break

11:00-12:30 Pre-functional checks

12:30-13:30 Lunch

13:30-15:00 Functional performance tests I

15:00-15:15 Coffee Break

15:15-16:30 Functional performance tests II

16:30-17:00 Assessment/Q&A with participants 



P a r t  I  

C X  I n t r o d u c t i o n  



DEFINITIONS

What does commissioning means

Commissioning (Cx) is a process that has no exact equivalent in Turkish.

Cx is a quality-based process that focuses on verifying and documenting that the equipment and systems used
during the implementation of energy efficiency measures are designed, installed, tested, and properly operated to
meet the described requirements.

Cx helps to deliver a safe and healthy project, optimizes energy use, reduces operating costs, provides adequate
maintenance personnel orientation and training, and provides documentation.

Cx is often perceived as focusing solely on testing at the end of the construction phase. But Cx is a collaborative
process to plan, deliver and operate all processes so that they work as intended by the designer. Cx starts with
project planning and includes design, construction, commissioning, acceptance and training, and warranty phase
services.

The Cx process has four overarching principles that begin at project inception and continue throughout use and
operation:

• Creating measurable project performance descriptors,

• Planning and executing the commissioning process

• Verifying and documenting compliance with design requirements

• Effectively transfer all acquired knowledge



Cx FOLLOWS ALL PROJECT LIFE CYCLE, AND IS NOT JUST ENERGY RELATED

The structure is very similar to the PMI-project management rules 

Design Phase ConstructionPre Design Phase
Occupancy and 

Operations Phase

Initiation Lessons Learned



….WE WILL FOLLOW THE NEED AND WILL FOCUS ONLY ON A SMALL PART OF THE PROCESS,

The full normal Cx process and standardization will be adaptated to suit KABEV needs

Design Phase ConstructionPre Design Phase
Occupancy and 

Operations Phase

Testing, adjusting and Balance [TAB] 

Functional Performance Testing 

Construction Phase Activities [pre TAB]

The pre-design and design are assumed done, 
and expected to give all the necessary data and 

guidance for a testing process
The process will be centred around TAB and 

performance testing 



STANDARDS AND THEORY 

Cx is mainly a US operational idea



THIS Cx ANALYSIS STARTS WITH CAREFUL PLANNING AND FOLLOWS A SIMPLES PROCESS

The flow is adapted to suit the Construction/Occupancy phases 

Testing Report Planning Training



PLANNING: WHAT TO DO, WHO WILL DO IT AND WHEN 

• CX SHOULD BE 
EXTERNAL TO THE 
CONTRACTING AND 
DESIGN TEAM

• PLANNING MUST BE 
TANGIBLE AND 
REAL

• ALL RELEVANT 
STAKEHOLDERS 
SHOULD BE 
ONBOARD

Planning is the coordination and integration of systems and equipment in the Cx process with other 
construction phase activities

• Systems and equipment to be analysed

• Functional/performance steps in each system
What

Who

When 

• Team in charge (normally

• Main team responsibilities

• Interface with other teams (contractor,

• Define calendar and schedule

• Importance of needed level of service and weather seasons to
perform real live testing



Cx TEAM HAS SEVERAL WELL KNOWN RESPONSIBILITIES…. 

The Cx should be managed using Project management tools and concepts for optimal outupt

• Identify experts responsible for performing Cx activities for specific systems

• Planning the Cx process activities and integrating them into the project construction program.

• Handling program changes.

• Documenting and developing test procedures and data sheets.

• Conducting and documenting Cx team meetings.

• Monitoring compliance with project requirements by making periodic site visits.

• Verifying completion of items specified in construction checklists.

• Observing the tests to verify the tests and their results, including test data reports.

• Verifying the training of operation and maintenance personnel and users according to project requirements.

• Monitoring, diagnosing and documenting problems and deviations related to project requirements 

• Writing and examining the progress reports of the Cx process.

• Examining the construction progress reports.

• Verify that new equipment and systems are incorporated into the maintenance management program.



…AND WILL HELP DEFINE THE SYSTEMS THAT SHOULD BE INCLUDED IN DETAILED TESTING 

Cx can be a consinuoes enormous task, so the choices have to be clear and effcincnt 

Dynamic Static

During the Cx process, all systems and equipment that could 
have a significant impact on the building's ability to meet 

energy performance targets should be included in the study.

• Building 
envelope

• Building 
structure

• (…)

HVAC,
Lighting
BMS
(:…)



AFTER PLANNING….THE MOST IMPORTANT STEP: TESTING

Testing is the central step and the overall objective of the whole process 

Pre-Cx

(Pre-Functional 
Checklist / Pre-
Commissioning)

Start-UpBasic Tests
Functional 

Performance 
Test

Testing Process Flow

1 2 3 4



BASİC TEST

BASIC TESTING AND 
COMPLIANCE 
ANALYSES, NORMALLY 
TO TRANSVERSAL 
BUILDING
INFRASTRUCTURE 
DURING 
CONSTRUCTION 
PHASE

It covers basic installation tests for system and system equipment

1

At this stage, certain tests are applied for basic elements such as machinery, 
equipment, pipeline, cables circuit.

For example, tests such as strength test for pipes, leakage test for chimneys, 
insulation resistance test for cable or grounding measurement will be 
performed in accordance with the methodology specified, and it will enable to 
determine whether the system is properly installed before operation and 
whether there is any defect in the material.

With this step, problems such as water leaks that may be encountered later 
are prevented.



PRE-FUNCTİONAL TEST

PRE-FUNCTIONAL 
TEST OF STAND ALONE 
EQUIPMENT AND 
SIMPLE SYSTEMS TO 
ACCESS DESIGN 
COMPLIANCE AND 
CONSTRUCTION 
QUALITY

At this stage, the system must be installed with all its elements, and the piping, ducting and 
electrical connections must be completed. 

2

Before the first start-up, the system or equipment must be ready for 
commissioning with all its components. In order to determine that the 
equipment or system is ready, physical controls are made and the forms 
prepared are filled. In case of an undesirable situation or a problem that 
prevents the first start-up, the problem and the source of the problem, the 
issue log list is recorded and the problem log list is kept open until the problem 
is eliminated.

The forms to be used in the Pre-Cx phase should be prepared specifically for 
the equipment and/or system installed in the relevant building. Some sample 
forms are included in the appendices of this guide.

It can be said that the system and/or equipment is ready for commissioning if 
no adverse events are encountered in the Pre-Cx phase. Afterwards, the 
equipment can be started up for the first time.



START UP

START UP MARKS THE 
BEGİNNİNG OF 
OCCUPATION PHASE 
AND ALSO THE START 
OF  PERFORMANCE 
TESTING 

After all checks are made, it is time to start the systems for normal operation 

3

If the initial start-up of the system and/or equipment is to be done by the 
authorized service, the relevant service personnel are invited. After the 
service personnel make the necessary adjustments, they run the system 
and/or the equipment for the first time and issue the service 
commissioning form.

Any non conformity recorded in the commissioning form by the service 
personnel is immediately transferred to the problem record list and 
followed up, and this item is kept open until the negativity is eliminated. If 
there is no problem in the first start-up, the functional test phase is started 
to see whether the system and/or equipment performs its functions.



FUNCTIONAL PERFORMANCE TEST

ALL SYSTEMS 
RUNNING AND READY 
TOR TAB. CHECK ALL 
THE CONNECTIONS 
AND DEPENDENCIES 
OF SYSTEMS FOR 
OPTIMIZED 
PERFORMANCE

The Functional performance test is the last step for the installation tune in

4

The purpose of functional tests is to observe how each equipment works 
according to the planned situation and to ensure that all kinds of machinery, 
equipment, and systems function in the desired way by eliminating the issues 
for unsuitable situations. Balancing pressure settings, temperature settings, 
ventilation, regulations, leakage current tests, thermal examinations, etc. in 
systems that may require.

All requirements made in design and pre design will be met in this process.

To perform functional tests on a system or equipment, firstly, the sequence of 
operation is determined by evaluating different situations such as the 
operating scenario, variations of connected elements, possible variables. In case 
of any negativity, the related event is transferred to the problem record list and 
followed up and this item is kept open until the non-conformity is eliminated.



TESTİNG PROCEDURES

TESTING PROCEDURES 
MUST BE DEFINED 
BEFORE HAND. WHAT 
TO DO, WHEN TO DO 
IT, 

Defining what to do is paramount for success

Test procedures describe the devices and methods used to conduct tests 
performed during the construction phase. 

• Who will be there. May include the main contractor, sub-contractors, design 
experts, Cx officer, operators, local competent authority and manufacturers 
of equipment, systems or installations; all participants deemed 
necessary/relevant for testing. 

• Prerequisites for test performance for the completion of systems and 
assemblies. 

• Step-by-step instructions for running specific systems and assemblies under 
test. The instructions will also cover how to configure to start the test and 
how to restore the system to normal operation at the end of the test. 

• List of devices, tools and supplies required for testing. This list should 
indicate that participants are responsible for the items listed. List; Should 
meet all relevant performance requirements. 

• An indication and a set of acceptable results for each step of the recorded 
observation and measurement procedures.



TESTİNG VALİDATİON

WHAT IS A 
SATISFACTORY TEST, 
HOW SO SAMPLE, AND 
HOW TO SET THE 
VERIFICATION QUALITY

What is a valid test, and what is the playbook to follow.

The Cx team will develop a set of test validation procedures. These procedures 
should be described in such a way as to make the following verifications:

• Component testing procedures, should verify the performance of 
components under a set of actions and their response/response to inputs 
and loads.

• System/assembly test procedures which should verify the performance 
under a range of operating conditions (both emergency and normal), and 
their response/response to inputs and loads.

• Inter-system testing procedures: Inter-system testing procedures should 
verify the interactions between systems and assemblies.

• Quality-based sampling should be used to validate each test identified in 
relation to the project requirements. 

In the development of test procedures, special attention should be given to 
personnel safety, equipment/assembly protection, and manufacturer's 
recommendations to maintain warranty validity.



LOGS AND RECORDS

LOG AND RECORD OF 
TESTİNG AND ALL 
DATA BEFORE AND 
AFTER THE TEST İS 
VERY MUCH PART OF 
THE PROCESS 
SUCCESS

The way records are made will tell about the quality of the overall process moving forward

The records should achieve and keep the following info:

• Test number, date and time of the test Description of whether the recording is for 
initial testing or for retesting after a problem has been fixed. 

• Description of the system, equipment, or assembly under test.

• Test Conditions. e.g; time to test, detailed description of ambient conditions, 
nominal values, invalidity, condition and operating conditions of instruments, 
systems, equipment that affect the results of the test. 

• The predicted performance of systems and assemblies at each step of the test.

• Observed performance at each step of the test. When using data forms, 
checkboxes are often insufficiently descriptive about system performance, 

• Description of whether the observed performance at each step meets the 
predicted results. 

• Other observations on system performance or test procedures.

• Issues log number generated because of the test, if any.



ENABLİNG A GOOD CX PROCESS: SENSORS AND AUTOMATİON

ONE CAN ONLY 
ANALYSE WHAT CAN 
BE MEASURED. THE 
SENSORS AND 
AUTOMATION 
INFRASTRUCTURE ARE 
VITAL FOR A GOOD CX

it is of particular importance that there may be an infrastructure of sensors and measuring points 
that can help in the execution of all the tasks

It is mandatory that all projects consider that it is essential to create automatic systems for 
a reporting of operating data this objective is of particular importance in this typology of 
projects where it is required to periodically monitor the periodic compliance with energy 
efficiency requirements.

Some items that could be defined are:
• Definition of the type and quality of data acquisition.
• Definition of type and quality of data storage and data handling
• Definition of necessary time resolution and duration (continuous or temporary) of 

measurements.
• Definition of performance metrics and typical benchmark values or ranges.
• Role and position in the control schematics, including narratives for operation and 

control sequences.
• Identification of components (uniform labelling)
• Operation manuals and guides.



CX OUTPUT

THE CX OUTPUT MUST 
BE PART OF THE 
CONTINUOUS 
IMPROVEMNT OF THE 
BUILDING ENERGY 
MANAGEMENT. HAS TO 
BE USEFUL AND MADE 
IN A TANGIBLE SENSE

Output of the process must be kept always in sight. Provide the basic data for analysis of the 
achievement of energy efficiency objectives and compliance from the as built to the design.

The Cx starts with validation of the quality of construction and assembly, continuing in the 
verification of compliance with the design requirements and ending in the training of users, 
should be able to provide the basic data for analysis of the achievement of energy 
efficiency objectives.

With this, all measurements and analyses shall ensure that at least the following 
parameters (whether direct or calculated) are used for project improvement:

• Efficiency in cold production and distribution 

• Efficiency in heat production and distribution

• Renewable production and consumption (including grid injection)

• Electrical consumption of the main equipment in normal operation

• Distribution of indoor temperatures vs. outdoor temperatures

• Maintenance the increase of service levels according to initial project.

• Adequacy of BMS system.



CX AND M&V 

KABEV PLACES 
EMPHASIS ON ENERGY 
EFFICIENCY TARGETS. 
THE PERFORMANCE 
TEST IS VITAL SO SET 
UP GOOD QUALITY 
M&V FOR CONTRACT 
MANAGEMENT

The measurement of energy savings must be made against the original audit baseline and should be 
carried away after the Cx process, when all systems are considered final, and the building is back to 
cruise operation. 

Commissioning of installed equipment and systems is considered industry best practice.

Commissioning ensures that systems are designed, installed, functionally tested in all 
modes of operation, and capable of being operated and maintained in conformity with the 
design intent (appropriate lighting levels, cooling capacity, comfortable temperatures, etc.).

Commissioning usually requires performance measurements to ensure that systems are 
working properly.

Because of the overlap in commissioning and post-installation M&V activities, the two 
activities will eventually be done at the same time. The difference is that commissioning 
ensures that systems are installed per design criteria and functioning properly, whereas 
post-installation M&V quantifies how well the systems are working from an energy 
standpoint in support of the cost savings projections put forth by the designer/contractor.



TRAINING

Training is one of the most important steps. Learn how the system works for future O&M and M&V and lessons learn process  

Basic O&MBasic

Training on systems data

• Equipment Schedules
• System structure and 

relations
• Start up/down 

• Daily operation
• Emergency situations 
• Repairs and problem 

analysis
• Maintenance logs and 

reports

Performance 
Operation

Operation and 
maintenance

Performance and 
improvement

• Adjustments
• Setpoints and BMS
• Level of Service
• M&V procedures



DOCUMENTATİON REQUIREMENTS

Cx and training are all about documentation and report of the issues taken 

All equipment and systems used in the project, user manuals, operation and maintenance manuals, system 
diagrams and should be hung in technical places, manufacturer catalogues, authorized service contact 
information, as-built projects, calculations, test reports, Cx forms and minutes and other related documents 
will be submitted with the Cx report.

The report should have at least the following structure:

• Equipment and systems including plans, cuts and system flowcharts

• Test checklist

• Pre-Functional Checklist

• Initial start-up forms

• Functional test forms

• Issues Log List

• Training documents

• System guides and control narratives



DOCUMENTATİON IS NOT ONLY AN OUTPUT OF THE CX PROCESS BUT ALSO INPUT

The design should give all the input needed to understand system behaviour. Example of control:

Complex System Simple system

Split has to cool 
the room when 
powered up

Control narratives
Narrative detail should increase with 

system complexity

• Control and system description will 
tell the contractor and Cx team how 
the system supposed to work.

• Equipment schedule and drawings 
show the physical system and 
assembly, but the narratives give the 
brains behind the hardware.

• Theses narratives will be the input 
for the performance tests and 
system output analysis
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KABEV HAS A SPECIAL HANDOVER STRUCTURE…

Commissioning is very important for KABEV contracts, paving the way for M&V results

Commissioning 
performance 
test

Provisional 
acceptance

Commissioning 
functional test

One year

Taking over
Energy 
Performance 
Certificate

M&V over a 
1-year 
period

Final 
acceptance

CX Process



….witch starts with Cx, in two steps 

USE CX STRUCTURE 
FOR ASSESSING KABEV
TARGETS

The Cx process is very important for KABEV contracts, paving the way for M&V results

Step/term Description Start End

Commissioning 
functional test

First commissioning task.. The supervision 
consultant, along with the facility manager 
and construction contractor, test the 
operation of all retrofitted/new systems to 
ensure their full functionality according to 
the designs and specifications.

After the construction 
and installation are 
completed and the 
retrofitted systems are 
fully operational.

If all systems are functional and 
achieving the contract/design 
performance, the supervision 
consultant issues the certificate of 
commissioning acceptance, after 
signing the final commissioning 
completion report. 

Commissioning 
performance test

Second commissioning task. After or during 
the functional test, the same team confirms 
that all retrofitted/new systems meet the 
energy performance according to the 
designs and specifications.

Provisional 
acceptance

The supervision consultant oversees the 
provisional acceptance, setting a short 
timeframe for correcting small defects 
identified during the commissioning 
functional and performance test.

After the supervision 
consultant issues the 
certificate of 
commissioning 
acceptance.

The supervision consultant issues the 
provisional acceptance certificate.



Kahve Molasi



P a r t  I I  

P r e - F u n c t i o n a l  
T e s t



Lets go back to the Testing Flow Chart 

Pre-Functional 
Checklist

Start-UpBasic Tests
Functional

Performance 
Test

Testing Process Flow

1 2 3 4

Pre-Functional Performance

In this workshop for simplicity this will be the 
setting going forward 



THE TESTING COMPLEXITY WILL DEPEND ON THE PLANNING AND OBJECTIVES….

Cx effort will be dictated by project objectives and by external project context

Maximum Cx EffortMinimal Cx Effort 

• Simple systems
• No external controls
• Easy set up
• Small construction cycle
• One contractor/one owner
• No/Low Budget

• Complex systems with lots of interactions
• Large construction setting
• Multiple contractors and stakeholders
• Complex project objectives
• ESCo or other future contract 

requirements 
• Assigned Cx Budget

Examples:

• VRV and/or split system in a 
small shop 

Examples:

• KABEV type projects



…AND EQUIPMENT TYPE

The type of equipment will tell us if the Cx work can handle inputs or just look for outputs

Open systemsClosed systems

Systems with built in 
controls and algorithms

• Factory sourced closed 
and out-of-box systems 

• No external controls
• VRV, split systems, 

some Heat pumps.
• Cx only for output and 

external system 
interconnection

• Systems made of several 
equipment's and 
components

• External control 
• Custom made algorithm
• Air to water systems, 

complex buildings with 
external BMS direct 
control

Systems with external 
components



PRE-FUNCTIONAL TESTS ARE THE FIRST ASSESSMENT OF ACTUAL SYSTEM WORK 

The functioning of individual systems will be assessed. It is mainly a input based analysis

Equipment

• Assembly inspection
• External connections 

(piping, electrical 
ducting)

• Start up/cool down 
sequences

• Emergency sequences

Input OutputInternal

• Design equipment 
compliance

• Design assembly 
compliance

• Catalogues and 
schedules

• Control sequences

Equipment Centric

• The main object is single 
component7euipemt checking 

• Systems will have normally 
different control and testing 
settings

• Interactions and performance 
btw equipment's will be analysed 
later

• This should be and expedite and 
clean process



PRE-FUNCTIONAL TEST EXAMPLES: BUILDING ENVELOPE

The functioning of individual systems will be assessed. It is mainly a input based analysis

EE measure Parameter to confirm Method

Building insulation Insulation thickness, U-value

Inspect thickness and type of installed insulation in a sample of building 
elements.

Confirm manufacturer specifications for insulation type(s) vs design specs

Windows Window/glazing type, U-value

Visual inspection of windows.

Confirm manufacturer specifications for windows or glazing type(s) vs design 
specs

Doors U-value, air tightness

Visual inspection of doors.

Confirm manufacturer specifications for doors, vs design specs



PRE-FUNCTIONAL TEST EXAMPLES: LIGHTING

The functioning of individual systems will be assessed. It is mainly a input based analysis

EE measure Parameter to confirm Method

Luminaires

Wattage Visual inspection of luminaires.

Efficacy (e.g., lm/W) Confirm manufacturer specifications for 
luminaires vs design specs 

Lighting control (e.g., motion control) Dimmer/timer/light level setting

Inspect settings.

Check real behaviour (dimmer, motion 
control)



PRE-FUNCTIONAL TEST EXAMPLES: HVAC

The functioning of individual systems will be assessed. It is mainly a input based analysis

EE measure Parameter to confirm Method

Radiators and Heating 
system circulation loop

System and design 

Inspect number and model of elements

Leaks and hydraulic connections

Valve placement and connection if any 

Boiler/chiller room: 
Insulation of piping, 
valves, fittings

Insulation thickness, U-value 

Inspect thickness and type of installed insulation. Confirm manufacturer 
specifications for insulation type(s).

Inspect thickness and type of installed insulation.

Confirm manufacturer specifications for insulation type(s).

Check for thermal bridges and installation quality



PRE-FUNCTIONAL TEST EXAMPLES: HVAC

The functioning of individual systems will be assessed. It is mainly a input based analysis

EE measure Parameter to confirm Method

Motors Power Consumption

Confirm manufacturer specification vs design requirements 

Measure Energy consumption using sub/dedicated or portable meter

Compare absorbed power vs design power (assuming design conditions)



PRE-FUNCTIONAL TEST EXAMPLES: HVAC

The functioning of individual systems will be assessed. It is mainly a input based analysis

EE measure Parameter to confirm Method

Boiler
Design compliance and 
construction 

Confirm manufacturer specification vs design requirements

Built assembly structure

Noise and Vibrations 

Terminal Connections

Chimney 

Measuring ports

Chiller
Design compliance and 
construction 

Confirm manufacturer specification vs design requirements for power, COP etc

Built assembly structure

Noise and Vibrations 

Terminal Connections (hydraulic and electrical)

Refrigerant Load

Measuring ports

Control connections and outside communications

Electrical consumption at start up (adequacy of Breakers, cables ground wiring etc) 

Simple control schematics



PRE-FUNCTIONAL TEST EXAMPLES: ENERGY MONITORING AND AUTOMATION SYSTEMS

The functioning of individual systems will be assessed. It is mainly a input based analysis

EE measure Parameter to confirm Method

Building automation and 
energy monitoring system

Automation and monitoring 
parameters

Confirm that the parameters are displayed and logged, and setpoints properly 
defined.

Inspect if sensors are properly installed and operational.

Confirm that the parameters are displayed and logged and setpoints properly 
defined.

Inspect if sensors are properly installed and operational.

Check if control sequences are defined for the main processes/systems

Visual analysis of Automation and monitoring parameters.

Check system behaviour during all CX equipment analysis.



PRE-FUNCTIONAL TESTS EXAMPLES: RENEWABLES

The functioning of individual systems will be assessed. It is mainly a input based analysis

EE measure Parameter to confirm Method

Solar PV
Design compliance,  
construction  and Output

Confirm manufacturer specification vs design requirements 

Measure Total production for the PV plant, grid injected power and used building power in a 
suitable and representative timeframe

Check Physical Installation requirements (azimuth, tilt)

Check System electrical structure (arrays, inverters)

Check and calculate Real vs simulated output in a selected yearly timeframe, using average 
values.

Using theoretical data for accessing the production for the chosen panels and inverters (like 
PVsyst software) and comparing it with the real field production. A weather file from a nearby 
(and representative) station should be used

Solar hot water 
system

Design compliance and 
construction 

Confirm manufacturer specification vs design data

Check thermostat and valve settings for storage

Check Control schematics

Check physical Installation requirements (azimuth, tilt)

Check connections (hydraulic, electrical and insulation 



PRATICAL APPROACH: 2-PIPE FAN COIL

1st example 2-pipe Fan Coil

Thermostat

Water supply piping

Water return piping

Energy supply

ON/OFF 
command

Valve actuator 
signal

ON/OFF valve

Set point



THE Cx PROCESS STARTS WITH COMPLIANCE AND WALK THROUGH ANALYSIS

1st example 2-pipe Fan Coil

Example of System schematics Data Points to annalyse

• In this phase all hardware should be inspected, 
prior to the start-up operation.

• Equipment schedule compliance to the design 
has to be checked, not only for the main 
equipment (chillers, boilers, AHU, fan-coils etc) 
but also for valves, controls, insulation etc.

• A sampling of the most important equipment 
can be done for economical efficiency.

• Documentations from design and as-built 
should then be checked for consistency and 
corrected if needed.



THE DATA SHOULD ADDRESS COMPLIANCE WITH DESIGN REQUIREMENTS

Fan coil unit (2 pipe). Example for compliance checklist EQUIPMENT
CHECK

DESIGN REAL
YES NO

FAN-COIL
CATALOGUE

MODEL

DINAMICAL FLOW 
VALVE

CATOLOGUE

MODEL

ON-OFF VALVE
CATOLOGUE

MODEL

DUCTS AND 
MOUNTING

ANTI VIBRATION BOLTS

ANTI VIBRATION DUCT 
CONNECIION

VIBRATIONS

OTHER

HIDRAULIC 
CONNECTION

LEAKS

CONNECTION OF 
CONDENSATE PAN

INSULATION 

MARKS AND SIGNS

OTHER

ELETRICAL 
CONNECTION

LOOSE WIRINGS

ELETRICAL PROTECTION

CORRECT CABLE TYPE

CIRCUIT BREAKER 

OTHER



IN THIS Cx PHASE THE ANALYSIS SHOULD END AT POWER UP 

Fan coil unit (2 pipe). Individual power up analysis 

Control
Check ?

Design Real
Yes No

THE FAN-COIL IS POWER CONNECTED

POWER OFF AND POWER DOWN SEQUENCE

ELETRICAL CONSUMPTION (PROJECT SPEED) [A]

BREAKER SUITS FAN POWER 

WATER IS PRESENT AT PIPING

WATER VALVES POWERED AND WORKING WITH POWER 
UP/DOWN

FAN IS BALANCED WITHOUT NOISE

WATER IS PRESENT AT PIPING

WATER VALVES POWERED AND WORKING WITH POWER 
UP/DOWN

THERMOSTAT IS CONNECTED AND FOLLOWS POWER 
DOWN/UP

Power Up Check



Documentation and logs have to be prepared in advanced for all tests

Test data will be registered in 
sample spreadsheet 

• Tables to be filled  in every test flowing the 
test requirements

• Necessary design docs always present (plans, 
cuts, catalogue, schedules) 

• Pics, movies should be taken to document 
test

• Issues should be taken to the log issue for 
follow up

PREPARATION AND DOCUMENTATION FOR THE TEST SESSION 



IN SOME SYSTEMS THE PRE TESTS ARE CLOSE TO THE PERFORMANCE TESTS

Closed systems with no external connections can perform from the  moment  one presses “on”

Closed system's have 
little room to TAB….

• Factory sourced closed 
and out-of-box systems 

• No external controls
• VRV, split systems, 

some Heat pumps.
• Cx only for output and 

external system 
interconnection

…If they are built 
according to design

…And the room for 
measuring is small

• Factory sourced closed 
and out-of-box systems 

• No external controls
• VRV, split systems, 

some Heat pumps.
• Cx only for output and 

external system 
interconnection

• Factory sourced closed 
and out-of-box systems 

• No external controls
• VRV, split systems, 

some Heat pumps.
• Cx only for output and 

external system 
interconnection



CLOSED SYSTEM EXAMPLE: LIGHTING SYSTEM

2st example: LED REFURBISMENT

Example of System schematics Data Points

• Hardware installation quality

• Equipment schedule compliance to the design 
has to be checked,

• A sampling of the most important equipment 
can be done for economical efficiency.

• Power UP/Power down and emergency use

• Luminance at working/design zone

• Documentations from design and as-built 
should then be checked for consistency and 
corrected if needed.



DESIGN COMPLIANCE WILL ALSO MEAN FUNCIONALITY AND PERFORMANCE

LED Lights. Example for checks

Control and Power UP 
Check ?

Design Real
Yes No

THE LED LAMPS  ARE POWER CONNECTED

POWER OFF AND POWER DOWN SEQUENCE

ELETRICAL CONSUMPTION (PER CIRCUIT [A])

BREAKER SUITS LED POWER

EMERGENCY SYSTEM

ON/OFF SWITCH WORKING

LUMINANCE AT WORKING SPACE (PER LOCATION) [LUX]

Design requirements
Check ?

Yes No

CATALOGUE (PER MODEL)

CERTIFICATES AND WARRANTY

RATED LED POWER (PER MODEL)

NUMBER LAMPS PER CIRCUIT

ON/OFF SCWITCH PER AREA CORRECT

WATER VALVES POWERED AND WORKING WITH POWER UP/DOWN

CABLES AND CONNCETERS WELL CONNCETED

MOUNTING AND ASSEMBLY CORRECT

CERTIFICATE FOR RECYLING (FOR REFURBHISMENTS)

For some systems pre testing 
equals all the testing

• For example LED systems with no external 
control , have limited room for performance 
testing

• In this case the pre-functional test will end 
the Cx analysis

• More elaborate testing would be necessary 
if dimming, or external BMS integration (for 
natural lighting use, for example) was 
employed.





P a r t  I I I  

P e r f o r m a n c e  T e s t



SYSTEM 1

PERFORMANCE TESTS WILL CHECK THE OVERALL PROJECT OUTPUT 

The overall system and the relations between individual equipment and components will be tested. It is a output based analysis

EQUIPMENT 1 EQUIPMENT 2

COMPONENT 1 COMPONENT 2
COMPONENT 

(N..)

S
ys

te
m

 a
na

ly
si

s
Bottom up Cx approach



PRE VS PERFORMANCE TESTS ? WHAT TO DO IN EACH….

The structure may depend on the actual project, but we may find a suitable definition 

Equipment 1

Component 1 Component 2

Pre-testing

SYSTEM 1

Equipment 1 Equipment 2

Performance Testing

• Design Compliance
• Documentation
• Assembly
• Build
• Connections
• Power up operations

• Control sequences
• Relations btw equipment's
• Ability to achieve outputs
• Setting Set Points and operating schedules
• Part Load efficiency
• Testing for several schedules and climate 

situations



PERFORMANCE TESTS WILL LOOK IN HOW COMPLEX SYSTEMS BEHAVE:: HVAC

The functioning of multi component systems will be assessed. It is an input/output analysis

EE measure Parameter to confirm Method

Radiators and Heating 
system circulation loop

Efficiency

Measure radiator water in/out temperature (with contact thermometers, for 
example)

Measure radiator face temperature (with contact thermometers, for example)

Measure (or estimate) water flow (using pump curves, differential pressure meters 
fixed or portable, hydraulic meters, or BMS sensors)

Check Thermostatic valve behaviour (open/close)

Compare measured data vs design data for system overall behaviour



PERFORMANCE TEST EXAMPLES: HVAC

The functioning of multi component systems will be assessed. It is an input/output analysis

EE measure Parameter to confirm Method

Pumps Efficiency, operating conditions (pressure, flow)

Measure Energy consumption using sub/dedicated or 
portable meter

Measure Pressure head (differential pressure meters fixed 
or portable or BMS sensors)

Measure (or estimate) water flow (using pump curves, 
differential pressure meters fixed or portable, hydraulic 
meters, or BMS sensors)

Compare real output flow vs design flow output and 
Absorbed power vs design power

Check control sequences and BMS (or external equipment) 
commnad



PERFORMANCE TEST EXAMPLES: HVAC

The functioning of multi component systems will be assessed. It is an input/output analysis

EE measure Parameter to confirm Method

AHU (or other air-to-
water systems)

Chilled/Hot water 
temperature in/out
Fan efficiency
Controls

The air/water systems shall have their overall efficiency analysed from the behaviour of fluid 
temperatures in accordance with the operating regimes imposed by the user.

Check Water Valve position

Check damper position

Estimate fan performance (absorbed power vs fan curves) 

Measure Water temperature in-out terminal devices or coils 

Measure (or estimate) water flow (using pump curves, differential pressure meters fixed or 
portable, hydraulic or ultrasonic meters or BMS sensors)

Measure air temperature in-out terminal devices or coils (portable thermometer)

Measure/estimate air flow in coils (fan curve or portable anemometer)

Check and analyse water delta vs valve position

Check and analyse air delta temperature (terminal) vs water coil valve position

Compare measured data vs design data for system overall behaviour

Check control sequence (with BMS  or external commands)



PERFORMANCE TEST EXAMPLES: HVAC

The functioning of multi component systems will be assessed. It is an input/output analysis

EE measure
Parameter to 
confirm 

Method

Solar hot water 
system

Efficiency
Output

Measure In-out water temperatures (fixed or contact thermometers or BMS sensors

Measure (or estimate) water flow (using pump curves, differential pressure meters fixed or portable, 
hydraulic meters, or BMS sensors)

Check water flow (storage, panels, boiler)

Check Control sequences 

Compare measurements vs design data

Check production flow vs consumption flow (primary vs secondary)

Final Consumption circuit connection and pressure availability 



PERFORMANCE TEST EXAMPLES: HVAC

The functioning of multi component systems will be assessed. It is an input/output analysis

EE measure Parameter to confirm Method

Boiler Efficiency

Measure water flow (using pipe meters, pump curves or ultrasonic portable sensors for 
example).

Measure water in-out temperature (fixed or contact thermometers or BMS sensors)

Compare measurements vs design data

Check control sequences

Check interface with external pumping system 

Check flue temperature, and other data for combustion efficiency calculation



PERFORMANCE TEST EXAMPLES: HVAC

The functioning of multi component systems will be assessed. It is an input/output analysis

EE measure Parameter to confirm Method

Chiller Efficiency

Confirm manufacturer specification vs design requirements for power, COP etc

Measurements are made for the COP/ERR calculation to determine the performance of the 
cooling systems using a representative timeframe for analysis

Measure energy input (electrical power, by grid or portable meter)

Measure outdoor temperature

Measure In-out water temperatures (fixed or contact thermometers or BMS sensors) for 
evaporator and condenser (if water cooled)

Measure or estimate In-out water flow (using flow meters, pump curves or ultrasonic portable 
sensors for example)

The values are compared with design conditions and catalogue values



LETS GO BACK TO OUR PREVIOUS EXAMPLE…WITH PRE TESTING ALREADY DONE…

1st example 2-pipe Fan Coil (open system with external BMS action)

Thermostat

Water supply piping

Water return piping

Energy supply

ON/OFF 
command

Valve actuator 
signal

ON/OFF valve

Set point



THE Cx PROCESS STARTS WITH SIMPLE SYSTEMS…..

1st example 2-pipe Fan Coil (open system with external BMS action)

System schematics Control narrative sample



….BUT EVEN THEY SHOULD BE INTEGRATED IN THE OVERALL BUILDING CONTROL

Example of master control notes

General Control narrative



TESTING SHOULD ADDRESS ALL NARRATIVES AND/OR SYSTEM NEEDS

Fan coil unit (2 pipe) working with other systems (chiller and BMS system, for example) 

CHECK

DESIGN REAL ObsCHECK THE AIR FLOW OF EACH FAN-
COIL AT PROJECT SPEED YES NO

OUTSIDE TEMPERATURE [ºC]

SUPPLY TEMPERATURE [ºC]

RETURN TEMPERATURE [ºC]

FRESH AIR TEMPERATURE [ºC]

AIR FLOW [m/s]

FAN SPEED [NUMBER)

CHECK THE COLD WATER (AND HOT 
WATER) FLOW RATES WITH THE 
VALVE OPEN 100% OF EACH FAN-COIL

COLD WATER FLOW [m
3
/h]

SUPPLY TEMPERATURE [ºC]

RETURN TEMPERATURE [ºC]

Measurements



TESTING SHOULD ADDRESS ALL INSTRUCTIONS AND/OR SYSTEM NEEDS

Fan coil unit (2 pipe) 

Control
Check ?

Yes No

THE FAN-COIL (POWERED) AND ON/OFF BY THE CONTROL SYSTEM.

THERE IS A DEAD BAND OF 2.5 ºC BETWEEN THE SETPOINT OF HEATING 
AND COOLING.

THE FAN-COIL FAN WORKS TO KEEP THE TEMPERATURE SETPOINT IN 
SPACE.

THE COLD WATER VALVE (AF-VCT) OR THE HOT WATER VALVE (AQ-VCT) 
MODELS TO KEEP THE DESIRED TEMPERATURE SET-POINT AS INDICATED 
BY THE STA

Control check

LOGS
Check ?

Yes No

SYSTEM SHUTS DOWN WITH FIRE ALARM?

WHEN ANY ALARM IS EMITTED, THE SYSTEM RETAINS THE LAST VALUES 
OF ALL READINGS, COMMANDS AND SETPOINTS ASSOCIATED WITH IT, IN 
ORDER TO BE CHECKED THE CAUSE OF IT.

Safety and Log



HOW TO DO IT ? PRATICAL EXAMPLES

Fan coil unit (2 pipe). Just showing specific sequences. For duct systems with multiple diffusers more analysis is required. Not showing 
filter, or damper analysis.

DATA POINT MEASUREMENT ACTION 

SYSTEM SHUTS DOWN WITH FIRE ALARM?
TEST BMS SIGNAL
TEST TELEROUPTOR CONNECTION
SHUNT THE ”FIRE” CONTACT

WHEN ANY ALARM IS EMITTED, THE SYSTEM RETAINS THE 
LAST VALUES OF ALL READINGS, COMMANDS AND 
SETPOINTS ASSOCIATED WITH IT, IN ORDER TO BE 
CHECKED THE CAUSE OF IT.

CHECK HOW THE SYSTEMA STARTS AGAIN AFTER STOP
CHECK HOW IT STOPS

THE FAN-COIL (POWERED) AND ON/OFF BY THE CONTROL 
SYSTEM. ON OFF SIGNAL FORM THERMOSTAT OR BMS

THERE IS A DEAD BAND OF 2.5 ºC BETWEEN THE SETPOINT 
OF HEATING AND COOLING. BMS ORDER )OR THERMOSTAT) , VS VALVE COMMAND SIGNAL

THE FAN-COIL FAN WORKS TO KEEP THE TEMPERATURE 
SETPOINT IN SPACE.

ROOM TERMSOTST 
OUTPUT
VALVE COMMAND
WATER TEMERATURE
FLOW TEMPERATURE

FOOL THE THEMROSTAT TO HOT OR COLD AND CHEC VALVE COMMAND 
SIGNAL (AND CHEACK ACTUAL WATER TEMPERATURE AND SUPPLY 
FLOW TEMPERATURE) 

THE COLD WATER VALVE (AF-VCT) MODELS TO KEEP THE 
DESIRED TEMPERATURE SET-POINTS INDICATED BY THE 
STA

MEASURE SEVERAL ROOM CONDITIONS TO CHEGE VALVE COMMAND 
(AND CHEACK ACTUAL WATER TEMPERATURE AND SUPPLY FLOW 
TEMPERATURE) 



HOW TO DO IT ? PRATICAL EXAMPLES

Fan coil unit (2 pipe). Just showing specific sequences. For duct systems with multiple diffusers more analysis is required. Not showing 
filter, or damper analysis.

DATA POINT MEASUREMENT ACTION 

OUTSIDE TEMPERATURE [ºC]

AIR TEMPERATURE [ºC]

GOOGLE ?

SUPPLY TEMPERATURE [ºC] AIR FLOW THERMOMETER

RETURN TEMPERATURE [ºC] AIR FLOW THERMOMETER

FRESH AIR TEMPERATURE [ºC] DUCT THERMOMETER (NORMALLY DUCT PLACED) BMS INFO FROM AHU

AIR FLOW [M/S] AIR FLOW [m3/s] AIR FLOW MESURING DEVICE 

FAN SPEED [NUMBER) FAN SPEED [NUMBER) LOOK AT FANCOIL WIRING AND CONTROL

COLD WATER FLOW [M
3
/H] COLD WATER FLOW [m

3
/H]

METER, INIDRET MESUREMNT (ULTRASONIC) , VALVE (CHECK PRESSURE 
AYT BALANCING VALVE 

WATER TEMPERATURE [ºC] WATER TEMPERATURE [ºC] PIPE THERMOMETER, BMS, OTHER CLEVER PLACED THERMOMETER



ANOTHER EXAMPLE: STAND ALONE BOILER 

2st Example Gas fired Boiler: Example Check list for Pre Testing  (PHYSICAL CONSTRUCTION, MACHINES AND COMPLIANCE)

EQUIPMENT
CHECK

YES NO

BOILER
CATALOGUE

MODEL

CONTROL FLOW 
VALVE

CATOLOGUE

MODEL

CONTROLS
BUILT IN

BMS CONNECTION

CHIMNEY 
CONNECTION 

AIR TIGHT

MATERIAL 

SUPPORTS 

OTHER

HIDRAULIC 
CONNECTION

LEAKS

CONDENSATE PUMP 
AND TRAY )IF 
CONDENSING)

INSULATION 

MARKS AND SIGNS

OTHER

EQUIPMENT
CHECK

YES NO

GAS 
CONNECTION

MATERIAL

BUILT

REDUCTION VALVE 
CONNECTION

REDUCTION VALVE SET

LEAKS

ELECTRICAL 
CONNECTION 

CABLES AND 
CONNECTORS

CIRCUIT BREAKER SIZE

EMERGENCY 
CONNECTION

SENSOR AND CONTROL 
DEVICES CONNECTED

OTHER

TESTING 

TEST POINTS CHIMNEY

PRESSURE WATER 
POINTS

GAS METER



ANOTHER EXAMPLE: STAND ALONE BOILER 

2st Example Gas fired Boiler: Example Check list for Pre Testing (POWER UP STAND ALONE) 

Control and Power UP 
CHECK

YES NO

ELECTRICAL POWER CONNECTED

POWER OFF AND POWER DOWN SEQUENCE

ELETRICAL CONSUMPTION (PER CIRCUIT [A])

BREAKER SUITS POWER

EMERGENCY SYSTEM OPERATION 

ON/OFF SWITCH WORKING

GAS FLOW STOPS WHEN POWER DOWN

Power Up

• All items have to be checked for power up 
and power down sequences

• Simple measuring of electrical consumption 
Check for power and control cabling

• Check control sequences (power up. Power 
down, operation and emergency)



ANOTHER EXAMPLE: STAND ALONE BOILER 

2st Example Gas fired Boiler: Example Check list for Performance Testing (WORKING WITH OTHER SYSTEMS) 

AIR FLOW CHECK

DESIGN REAL OBS
FOR DESIGN CONDITIONS

YES NO

OUTSIDE AIR TEMPERATURE [ºC]

SUPPLY AIR TEMPERATURE [ºC]

FLUE GAS TEMPERATURE [ºC]

FLUE GAS COMPOSITION [ºC]

FLUE GAS AIR FLOW [M/S]

MeasurementsTest guidelines

• System should be set for design 
conditions (set point and water 
flow) 

• Measurements should also be 
made of max and min water flow

• Attention to desired level of service 
(occupation and consumption) and 
meteo season

• Boiler efficiency should be 
calculated for full load and part 
load



ANOTHER EXAMPLE: STAND ALONE BOILER 

2st Example Gas fired Boiler: Example Check list for Performance Testing WORKING WITH OTHER SYSTEMS) 

MeasurementsTest guidelines

• Water flow measured through 
meter, pressure, sonic meter

• Flue gas metering point 
should be provided

• Water pressure measured 
with ,manometer

• Efficiency can be BMS 
calculated if sensors are 
available

WATER FLOW

CHECK
DESIG

N
REAL OBS

YES NO

MAX WATER FLOW  [M3/H]

MIN WATER FLOW  [M3/H]

SERVICE WATER FLOW

GAS FLOW [M3/H]

FLUE GAS AIR FLOW [M/S]

WATER PRESSURE 

EFFICIENCY FOR DESIGN CONDITIONS



ANOTHER EXAMPLE: STAND ALONE BOILER 

2st Example Gas fired Boiler: Example Check list for Performance Testing 

Control
Check ?

Yes No

BOILER FOLLOWS CONTROL SYSTEM. CHECK FOR SEQUENCES)

SET POINT WORKING FOR WATER SUPPLY, WATER OUT AND EXTERNAL 
BMS CONNECTION

PID SEQUENCE FOR SET POINT APPROACH

CONTROL SEQUENCES FOR POWER DOWN, POWER UP AND OPERATION

Control check

LOGS
Check ?

Yes No

SYSTEM SHUTS DOWN WITH FIRE ALARM?

WHEN ANY ALARM IS EMITTED, THE SYSTEM RETAINS THE LAST VALUES 
OF ALL READINGS, COMMANDS AND SETPOINTS ASSOCIATED WITH IT, IN 
ORDER TO BE CHECKED THE CAUSE OF IT.

Safety and Log

Test guidelines

• Control sequences have to be 
adapted to the particular 
situation, specially to the 
outside connections ON 
systems integration

• Control signal measurements 
should be made if external 
controls are available (thought 
0-10vcc signalling). Not 
needed for built in control 
(closed system) 

• Control sequences should be 
verified if external BMS 
operates system



…AND LETS GO BACK FOR A MINUTE….DESIGN HAS TO TELL WHAT TO DO…

…but narrative output should always 
exist to lead output quality
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We know that Cx starts in 
pre design….

…KABEV sometimes does 
not have pre design…

• Mainly refurbishing

• Level of service already exists

• Infrastructure may not yield  
output increase

• Not enough time, money, 
structure, info etc to address 
the needs



COMPLEX SYSTEMS ARE MADE OF STAND ALONE EQUIPMENT'S AND SMALL SOCIETIES

Fan #1

Fan #2

Pump #1

VFD

T SENSOR

DAMPERS

VALVES



LETS ADD COMPLEXITY: CHILLER OPERATION WITH HIDRAULIC PUMPS

2st example Chiller system



THE Cx PROCESS STARTS WITH SIMPLE SYSTEMS…..

2st example Chiller, pumps and differential pressure control Control narrative

System breakdown

• In this case, the system has several 
equipment's that work together.

• The Cx process has to start by a system 
breakdown and an individual analysis before 
the whole System can be tested

• The pre-functioning test have to be made to 
the Chiller unit, the pump unit, to the valve 
system, to the sensor and actuators array and 
to the BMS integration and schematics

The control narrative of the whole system us 
divided in main tasks. Normally:

• GENERAL NOTES: Data to be stored, 
schedules of operation, pre start procedures, 
hardware and equipment needs

• CONTROL METHOD: How the system is 
controlled, differential pressure, temperature), 
initial settings and baseline operation 

• START UP: How the system will indicate 
activity, order for power up, start sequence of 
individual components

• OPERATION: setpoint definition, how the 
system is controlled and how reacts to the the 
sensors view of the output and needs

• POWER DOWN: How the system stops and 
powers down

• EMERGENCY: Emergency sequences



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS: DIFF PRESSURE CONTROL

2st example Chiller, pumps and differential pressure control

Setting the scene

• All individual components were pre tested

• All individual equipment are powered up

• Water is flowing at right pressure

• Pumps are operating at design point 

• Chiller has all BMS connections working 

• Chiller is keeping the chosen set point 

Cx task objective

• Set and Check the differential pressure 
mechanism for hydronic system control

• Requires interaction from the chiller, pumps, 
terminal equipment's and BMS system

• Process is necessary to make sure that the 
systema can adapt to half load situations and 
have the right efficiency

• Only with this process in place the expected 
efficiency from pumps with VFD and VFD 
chiller compressors will be achieved

1 2



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS: DIFF PRESSURE CONTROL

2st example Chiller, pumps and differential pressure control

Differential Pressure Control narrative

1. THE OBJECTIVE IS TO HAVE THE MINIMUM DIFFERENTIAL PRESSURE IN THE SYSTEM, CAPABLE OF 
PROVIDING THE NECESSARY FLOW TO ALL EQUIPMENT IN THE LOOP.

2. THE DIFFERENTIAL PRESSURE SENSOR (SPD1) WILL HAVE A SETPOINT THAT IS THE MINIMUM NECESSARY 
TO KEEP THE TERMINAL EQUIPMENT CONTROL VALVE (AF-VCT) WITH GREATER LOAD AT ANY TIME, A 
MINIMUM OF 90% OPEN.

3. THE SYSTEM WILL CHECK THE POSITION OF ALL AF-VCT (ALL 15 MINUTES) AND SET The SetPOINT OF The 
SPD ACCORDING TO WHAT IS NECESSARY.

4. THE START AND COMMISSIONING TEAM WILL DETERMINE THE DIFFERENTIAL PRESSURE IN THE CHILLER 
IN THE FOLLOWING SITUATIONS AND REGISTER THESE VALUES IN THE DDC SYSTEM.

a) DIFFERENTIAL PRESSURE IN THE CHILLER DIFFERENTIAL PRESSURE SENSOR (SPD1-2), WITH THE 
MAXIMUM WATER FLOW IN THE EVAPORATOR.
b) DIFFERENTIAL PRESSURE IN THE CHILLER DIFFERENTIAL PRESSURE SENSOR, WITH THE MINIMUM 
WATER FLOW IN THE EVAPORATOR.

5. THE READINGS DESCRIBED ABOVE WILL BE USED TO LIMIT THE MODELING OF COLD WATER 



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS: DIFF PRESSURE CONTROL

2st example Chiller, pumps and differential pressure control

What to do ? 

INSTRUCTION EFFECT NEED

1. THE OBJECTIVE IS TO HAVE THE MINIMUM DIFFERENTIAL PRESSURE 
IN THE SYSTEM, CAPABLE OF PROVIDING THE NECESSARY FLOW TO 
ALL EQUIPMENT IN THE LOOP.

PUMPS SHOULD WORK AT MINIMUM VOLUME 
FLOW

PUMP BMS CONTROLLED BY PRESSURE 
SENSOR INFORMATION 

2. THE DIFFERENTIAL PRESSURE SENSOR (SPD1) WILL HAVE A SETPOINT 
THAT IS THE MINIMUM NECESSARY TO KEEP THE TERMINAL 
EQUIPMENT CONTROL VALVE (AF-VCT) WITH GREATER LOAD AT ANY 
TIME, A MINIMUM OF 90% OPEN.

PRESSURE SENSOR SPD1 WILL COMMAND 
THE SYSTEM TO HAVE THE MOST DEMANDING 
TERMINAL VALVE AT LEAST 90% OPEN 

PRESSURE SENSOR NEEDS DATA FROM 
ALL TERMINAL VALVES

3. THE SYSTEM WILL CHECK THE POSITION OF ALL AF-VCT (ALL 15 
MINUTES) AND SET THE SETPOINT OF THE SPD ACCORDING TO WHAT 
IS NECESSARY.

BMS HAS TO REPORT POSITION EVERY 15 
MN OF EVERY TERMINAL VALVE

4. THE START AND COMMISSIONING TEAM WILL DETERMINE THE 
DIFFERENTIAL PRESSURE IN THE CHILLER IN THE FOLLOWING 
SITUATIONS AND REGISTER THESE VALUES IN THE DDC SYSTEM.

A) DIFFERENTIAL PRESSURE IN THE CHILLER DIFFERENTIAL 
PRESSURE SENSOR (SPD1-2), WITH THE MAXIMUM WATER FLOW IN 
THE EVAPORATOR.

MAXIMUM SYSTEM WATER FLOW IS SET BY 
THE CHILLER CAPACITY (WILL SET THE 
DIFFERENTIAL PRESSURE MAX)

OPEN ALL VALVES 100%, PUSH PUMPS TO 
THE NECESSARY SPEED TO ARCHIVE 
CHILLER MAX FLOW

B) DIFFERENTIAL PRESSURE IN THE CHILLER DIFFERENTIAL 
PRESSURE SENSOR, WITH THE MINIMUM WATER FLOW IN THE 
EVAPORATOR.

MINIMUM SYSTEM WATER FLOW IS SET BY 
THE CHILLER CAPACITY (WILL SET THE 
DIFFERENTIAL PRESSURE MIN)

SEQUENTIAL CLOSE VALVES 100%, PUSH 
PUMPS TO THE NECESSARY SPEED TO 
ARCHIVE CHILLER MIN FLOW

5. THE READINGS DESCRIBED ABOVE WILL BE USED TO LIMIT THE 
MODELLING OF COLD WATER 

THE LAST MEASUREMENTS WIL BE THE MIN 
AND MX FLOW. THE PART LOAD WILL BE SET 
BY THE CONDITION 2



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS: DIFF PRESSURE CONTROL

2st example Chiller, pumps and differential pressure control

Measurements and pre requisites to set points: check list example

OUTPUT PRE REQUISITES ACTION MEASUREMENT VALUE SET POINT

MAX 
FLOW

MAX EVAPORATOR FLOW [M3/S]
PUMP 100% ALL TERMINAL VALVES 
(2WAY) OPEN 100%

DIFFERENTIAL PRESSURE (BMS 
OR MANOMETER)

MIN 
FLOW

MIN  EVAPORATOR FLOW [M3/S]
PUMP 100% THEN REDUCING 10% AT 
TIME (10 MN CYCLE) ALL TERMINAL 
VALVES (2WAY) OPEN 100%

DIFFERENTIAL PRESSURE (BMS 
OR MANOMETER)

NORMAL 
FLOW

TERMINAL VALVES AT LEAT 90% OPEN CHECK IF BMS SEQUENCE IS CORRECT
DIFFERENTIAL PRESSURE (BMS 
OR MANOMETHER)

OUTPUT PRE REQUISITE ACTION MEASUREMENT VALUE SET POINT

NORMAL 
FLOW

TERMINAL VALVES AT 
LEAST 90% OPEN

CHECK IF BMS SEQUENCE IS CORRECT
SET ONE TERMINAL VALVE FOR 90% (BMS CONTROLLED 
OR THERMOSTAT CONTROL, SEE EFFECT ON DIF 
PRESSURE AND PUMP CONTROL. CHANGE VALUES 5 MN 
CYCLE 

DIFFERENTIAL PRESSURE (BMS OR 
MANOMETER)

Measurements and pre requisites to check control sequences: check list example



Kahve Molasi



PERFORMANCE TESTING CHECKLIST

SYSTEM 1

Equipment 1 Equipment 2

..to do this the process is organized around 
checklists and rehearsed procedures to analyse 

real world conditions in a simulated way 

• Control sequences
• Relations btw equipment's
• Ability to achieve outputs
• Setting Set Points and operating schedules
• Part Load consumption
• Testing for several schedules and climate 

situations

We already discussed that performance 
testing is about systems and real part load 

behaviour…

• Define scope
• Define team 
• Define schedule
• Define reports and checklist format (can be the Cx

team, the supervision team…etc)
• Define pre-requisites to follow (normally look for 

system complexity)
• Define method to achieve forecasted test result



EXAMPLE FOR PERFORMANCE TESTING CHECKLIST

• Example is a system similar to this 
one.

• AHU system with suppy and return 
fan, both with VSD, advance BMS.

• Could have also air mixing 
dampers, heat recovery coils etc. 
the complexity (ou the simplicity) 
does not affect idea of the chelist
format.

• The list presented next was 
adapted for workshop format



EXAMPLE FOR PERFORMANCE TESTING CHECKLIST

Design Compliance
and Documentation

• Catalogues and documents

• System composition (equipement, 
components) 

• Test data (location, time, system 
etc) 

• This part sets the scene of the 
performance testing, and 
could/should be together with 
systema plans, narratives, 
descriptions etc).



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Pre-requisites for 
Performance Testing

• TAB already performed

• Pre functional tests to each 
individual equipment

• Hand in of the as-built 
documentation (and O&M)

• In this case de premilanre TAB 
was already done (either in on 
fist part of performance test or 
in the pre-functional testing)



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Standard  operation data 

• Setpoint data

• Static pressure data from 
measurements and design

• Air Temperature, valves position 
etc

• All data from the normal set up 
operation that was set at pre 
functional tests power up and 
design data



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Alarm setpoints

• All BMS alarm setpoints, and 
intervals to check for 
compliance

• This will be found in design data 
and BMS (equipment) data

• The data will prepare the BMS 
reporting for the future



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

General system analysis

• Review of operational status

• Review maintenance access 



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Sensor Compliance

• Check if sensor values are 
correct with reality 



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Control sequences 

• Check for all relevant control 
sequence

• In this case the example is stand 
alone mode (local control) 



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Control sequences 

• Check for all relevant control 
sequence

• In this case the example is 
Power Up



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Control sequences 

• Check for all relevant control 
sequence

• In this case the example is 
emergency Operation



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Control sequences 

• Check for all relevant control 
sequence

• In this case the example is 
Standard Operation (occupied 
Mode)



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

Control sequences 

• Check for all relevant control 
sequence

• In this case the example is 
Standard Operation (occupied 
Mode) (continued)



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

• Check for all relevant control 
sequence

• In this case the example is 
Standard Operation (occupied 
Mode) (continued)

Control sequences 



EXAMPLE FOR PERFORMANCE TESTING OF COMPLEX SYSTEMS:

• Explain carefully if some of the 
objectives were not meet

• Document difficulties or thinks 
to address in the issues log

Documentation and lesson 
learnt
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