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What is Mechanical
Acceptance Testing?
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The acceptance testing requirements specify
targeted Inspection procedures and functional
performance test procedures that serve to
determine whether specific equipment, systems,
and interfaces between systems conform to the
criteria set forth in the EnergyStandards
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It IS Important to note that Acceptancetesting IS
not Iintended to take the place of commissioning
or test and balance procedures that a building
owner might incorporate into a building project.
It IS a process focusing only on demonstrating
compliancewith the Energy Standards
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When are
Acceptance Tests
Required?

In general the Acceptance
Tests apply to new
equipment and systems
Installed in either new
construction or retrofit |
applications, and must be
submitted to the
enforcement agency
before a final occupancy
permit can be granted.




Who can perform Mechanical
Acceptance Testing?

With the exception of the NRCAMCH4A Air Distribution
Duct LeakageTest, at least at this time, these tests can be
performed by a qualified, experiencedtechnician.

However, as soon as the state meets the threshold of 300
Certified Mechanical AcceptanceTest Techniciansyou will
be required to be certified to perform the commissioning
acceptancetesting, and must be employed by a Certified
Acceptancelest Employeror ATE



How many
Acceptance Tests
are there?

e F 1 There are a total of 17 different
Mechanical Acceptance Tests whicl
are required for the 2016 Code
Cycle.

They range from the NRCAMCH2A
through the NRCAMCH18A




Lets take a
look at the
Mechanical
Acceptance
Tests




NRCAMCH2A
OSA Ventilation Acceptance VAV
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The test verifies that the minimum volume of outdoor

air, as required per Subsection 120.1(b)2, is introduced
to the air handling unit and iswithin £10% of the
required volume when the system is in occupied mode
at these two conditions of supply airflow. The test
consists of measuring outdoor air values at maximum
flow, and at near minimum flow(And at any position In
between these two positions).
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Outside Air Measurement

The choice of instrumentation will vary from Rotating Vane Anemometers, Hot
Wire Anemometers,Velocity Grids (Vel Grid), Micro Manometers,Pitot Tube,etc.
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Acceptance Criteria -

The sensor used to control outdoor air flow must be

calibrated in the field or at the factory, with documentation
attached

The measuredoutdoor airflow reading is within ~ 10% of
the total value found on the Standards Mechanical Plan
CheckdocumentNRCEMCHO03-E, ColumnM or Columnl



Mixed 5|JI:|.I‘:_-,||‘,'||I Duct static tlp
air

ut- ] 7 s :
side > / | EI 5 Supply air duct
air : ¥

Eiitell' c II'
an ooling
coil VSD
\_/ VAV [Sn VAV

box ™ bux\"‘ﬂ

This shows a typical VAV system. In standard practice,
the TAB contractor sets the minimum position setting
for the outdoor air damper during construction. It Is set
under the conditions of design airflow for the system,
and remains in the same position throughout the full
range of system operation. Does this meet code? The
answer is NO! As the system airflow drops, so will the
pressurewhich will produce avarying outdoor airflow.



NRCAMCHZ2A

OSA Ventilation Acceptanc€AV

* CAV units 54,000 Btu/Hr
are not required to have an
economizer, but they are
required to provide the
minimum Outside Side Air .+
per 8120.1(c)4E when ever | <z
the space is occupied. L

OSA inlet with a barometric damper
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Acceptance Criteria -

The sensor used to control outdoor air flow must be

calibrated in the field or at the factory, with documentation
attached

The measured outdoor airflow reading is within £10% of
the total value found on the Standards Mechanical Plan
CheckdocumentNRCEMCHO03-E, ColumnM or Columnl



Estimated Time to Complete 7z
(time given is an estimate given by the CEC and shoulc
not be used as the required time to perform this test).

Construction Inspection: 0.5 hours to 2 hours (This
time may vary depending on complexity and difficulty
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Functional Testing: 1 to 3 hours (This time may vary
depending on the type of zone control and the number
of zones)

)




NRCAMCHS3A

Constant Volume, Singleone, Unitary Air

Conditioner and Heat Pumps Systems Acceptance

The functional testing of the Honcywe
thermostat confirms that the | HomE Ty
controller functions as o uzs0s | ngar
designed and that it has T 72
been programmed as per the sl e
requirements of the Energy R e

Standards.
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Thermostat meets the temperature adjustment and dead
band requirements of 8120.2(b): The thermostat shall
allow a heating setpoint of 55°F or lower and a cooling
setpoint of 85°F or higher. The deadbandshall be at least
5°F, where heating and cooling is shut off. Occupied,
unoccupied,and holiday scheduleshave beenprogrammed
per the Z£A A Escliedulg 6 O
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Pre-occupancy purge has been programmed to meet the
requirements of 8120.1(c)2. This is typically
accomplished by scheduling the unit to start one hour
prior to actual occupancy. Check the method used to
determine pre-occupancy purge:

Z 4EA 1 AOOAO 1T &£ puv A& DPA
floor area times the ventilation rate from the Building

Energy Efficiency Standards Table 120.1 A. This is
typically .15 CFM per square foot for offices.

Z 4EOAA Al Il Bl AOA AOEI AEIT C



U Occupied heating mode operation : The supply fan
operates continuously, all heating stages operate,
cooling is not enabled,and the outdoor air damper is at
minimum position.

U Occupied operation with no heating or cooling load:
The supply fan operates continuously, heating or
cooling is not enabled,and the outdoor air damper is at
minimum position.

U Occupied cooling mode operation : The supply fan
operates continuously, all cooling stages operate,
heating IS not enabled, and outside damper is at
minimum position.



Unoccupied operation with no heating or cooling
load: The supply fan shuts off, heating or cooling is not
enabled,and the outdoor air damper is closed
Unoccupied operation with heating load: The supply
cycles ON, heating is enabled, cooling is not enabled,
and the outdoor air damper is either closed or at
minimum position.

Unoccupied cooling mode operation : The supply
cycles ON, cooling Is enabled, heating is not enabled,
and the outdoor air damper is either closed or at
minimum position.

Manual override mode: System reverts to occupied
mode, the supply fan turns ONfor duration of override,
heating or cooling is enabled as necessary,outdoor air
damper opensto minimum position.
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4.2.5 Thermostats
§110.2(c) and §120.2(b)4

When a central energy management control system
(EMCS) is not included in the design of the HVAC
system, then a thermostat with setback capabilities
must be installed. The requirement is for all unitary
heating or cooling systemsto have a thermostat that is
capableof at least4 setpoints in a 24 hour period.
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In addition, per 8120.2(b)4, the thermostats on all
unitary single zone, air conditioners, heat pumps must
comply with the requirements of Reference Joint
Appendix JA, also known asthe Occupant Controlled
Smart Thermostats , which are capable of receiving
demandresponsesignalsin the event of grid congestion
and power shortages during high electrical demand
periods.




Estimated Time to Complete z “E

(time given is an estimate given by the CEC and should
not be used as the required time to perform this test).

Construction inspection: 0.5 to 1 hour (depending on
complexity and familiarity with thermostat
programming)

Equipment test: 1 to 2 hours (This test typically
requires two technicians, one to manipulate the control
as the other confirms its operation).



AS detalled in the Standard
this test is required only for W&
single-zone unitsserving ‘
less than 5,000 ft2 of floor
area where25 percent or
more of the duct surface
area is in one of the

following spaces:

Duct systems shall be sealef}
to a leakage ratenot to
exceed 6% per the
conditions. (applies only to
new constructed buildings)

NRCAMCH4A
Air Distribution Systems Acceptance



The purpose of this test is to verify all duct work
associated with all non-exempt constant volume,
single-zone HVAC units (i.e. air conditioners, heat
pumps, and furnaces) meet the material, installation,
and insulation R-values, and leakage requirements of
the Standard

Complete the Visual
Inspection as specified in
NA2.1.4.2.4.

After sealing is complete
use the same procedure to
measure the leakage after
duct sealing.
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For existing duct systems that are having additional
ducts added or are having major repairs or replacement
of equipment connected to the ducts, the leakage rate of
the existing duct system should be tested first before
any alterations proceed.

If this leakage percentages less than or equal to
15%, the system passes. If the system does not pass,
then the installer should locate and seal any accessible
leaks/gaps.



Within this criteria, this test applies to both new duct
systems and to existing duct systems which are either
being extended or the space conditioning system is
altered by the installation of replacement of space
conditioning equipment.

R
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CAPS SEALED IN DUCTING
e SECURELY FROM ORIFICE
70 TEST DUCT.
(MYPICAL)
C N SO ,

WARNING:
DONOT OVERPRESSURIZE THE DUCT
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7 Complete the Smoke Test as
» specified in NA2.1.4.2.3

Inject either theatrical or other non-toxic smokeinto a fan
pressurization device that is maintaining a duct pressure
difference of 25 PA (0.1 inches water) relative to duct
surroundings, with all grilles and reglsters In the duct

systemsealed




Duct Blaster Pressurization Fan

All instrumentation used for duct leakage diagnostic measurements shall be
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stimated Time to Complete 7
(time given Is an estimate given by the CEC and must
not be taken as time required to perform this test).

U Construction Inspection: 0.5 to 2 hours

U Functional testing: 3 to 6 hours



NRCAMCHSA

Air Economizer Controls Acceptance
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The purpose of functionally testing of an air economizer
systemis to verify that an HVACsystemusesoutdoor air to
satisfy space cooling loads when the outdoor air
conditions are acceptable

PackagedHVAC systems > 54.000 Btu/hr must have an
economizer Air economizersmust be capableof providing
100% of the designsupply air with outside air.

(For units with economizersthat are factory installed and
certified by the manufacturer to the California Energy
Commission, and meet the economizer quality control
requirements, the in-field economizer functional tests do
not haveto be conducted).






Acceptance Criteria :

If the economizeris factory installed and certified, a valid
factory certificate is required for acceptance No additional
equipment tests are necessary

Checkto ensure that the air economizer lockout setpoint
complieswith StandardsTable 140.4-B per §140.4(e)3.

Ensure that the outside sensor location accurately reads
true outdoor air temperature and is not affectedby exhaust
air or other heatsources

All sensors are installed and located appropriately to
achievethe desired control.



TYPICAL ECONOMIZER PACKAGE

Economizer damper assembly

Condenser fan

Condenser coil
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Cooling coil
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Fiters )
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Outside air

Exhaust air

Supply air  Heat section Retumn air

DIAGRAMS COURTESY OF RIOHARD LORD



The six basic steps of the Functional Testing of the Air
Economizer Controls are ~

Disable demand control ventilation systems.

Enable the economizer and simulate a cooling demand large enouc
to drive the economizer fully open.

Disable the economizer and simulate a cooling demand.

If the unit is equipped with heating, simulate a heating demand and
enable the economizer.

Turn off the unit and verify the following (economizer damper close:
completely)

System returned to initial operating conditions.



Estimated Time to Complete 7z
(time given is an estimate given by the CEC and must

not be taken as time required to perform this test).

U Construction Inspection: 0.5 to 1 hours
(depending on familiarity with the controls)

U Functional testing: 0.5 to 2 hours (depending on
familiarity with the controls and issues that arise
during testing)



NRCAMCHG6A
Demand Controlled Ventilation




I L central-station air handler with controls

DDCAYAY terminals
* Required outdoor airflow (V)

* Actual primary airflow (1)
= Current outdoor-air fraction
2= Vo + V)

=)
Communicating BAS

= Totals (VW
= System ventilation efficiency (£ )
* New DA intake flow (V)



Purpose of the Test:

The purpose of the test is to verify that systems required t
employ demand controlled ventilation (refer to
§120.1(c)3) can vary outside ventilation flow rates based
on maintaining interior carbon dioxide (CO2)
concentration setpoints.

COZ2 is a good indicator of occupancy load and is the basi
used for modulating ventilation flow rates.

(Note: Minimum OSAshall always be provided during the
buildings scheduledoccupancyper 8120.1(c)4E regardless
of spaceCQ reading!)



Software and Driver
Installation

|



Each CO2 sensor is factory calibra
certificate) or field calibrated.

Each CO2 sensor is wired correctly to the controls to
ensure proper control operation of the outdoor air damper.

Each CO2 sensor is located correctly within the space 3 ¢
6 ft. above the floor.

)T OAOET O #/ ¢ Al 1T AAT OOAOQEIT 1
outdoor air CO2 value (typlcally about 400 ppm) If

AUl AT EAATT U | AAOOOAA T O Al
If no OSA sensor is provided.






The four basic steps to perform the Demand Control Ventilation Acceptance Test
NRCAMCH-06-A are -

Step 1 Prepare for functional Testing

a. Disable economizer controls
b. Outside air CO2 concentration (measured dynamically using CO2 sensor)
C. Interior CO2 concentration setpoint (Outside CO2 concentration + 600 ppm)

Step 2 Simulate a signal at or slightly abovethe CQ setpoint or follow the manufacturers
recommendedtesting procedures.

a. For single zone units, outdoor air damper modulates open to satisfy the total
ventilation air calledfor in the Certificate of Compliance
b. For multiple zone units, either outdoor air damper or zone damper modulate open

to satisfy the zoneventilation requirements.

Step 3 Simulate a signal well below the CQ@ setpoint or follow the manufacturers
recommendedprocedures.

a. For single zoneunits, outdoor air damper modulatesto the designminimum value.
b. For multiple zone units, either outdoor air damper or zone damper modulate to
satisfy the reduced zoneventilation requirements.

Step 4 System returned to initial operating conditions.
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Estimated Time to Complete 7z
(time given is an estimate given by the CEC and should
not be used as the required time to perform this test).

Construction inspection: 0.5 to 1 hours (depending on
CO2 sensor calibratioi

Functional testing: 1 to 2 hours (depending on how
ambient CO2 concentration levels are manipulated,
system response time to variations in CO2)



NRCAMCH/A
SupplyFan Variable Flow Controls




Purpose of the Test:

The purpose of the test is to ensurethat the supply fanin a
variable air volume modulates to meet system airflow
demand.

Airflow Is typically controlled using a variable frequency
drive (VFD)to modulate supply fan speedand vary system
airflow.

The most common strategy for controlling the VFD s to
measureand maintain static pressurewithin the duct.






Functional Testing

Supply air temperature reset should be disabled during testing to
prevent any unwanted interaction.

Step 1: Drive all VAV boxes to achieve full design airflow.
Step 2: Drive all VAV boxes to a low airflow condition.

The intent is to verify and confirm proper supply fan operation when
the system is at or near minimum flow conditions. This typically
occurs when all of the VAV boxes are operating at minimum cooling
flow rate.

Step 3: Return the system back to normal operating condition.

Ensure all schedules, setpoints, operating conditions, and control
parameters are placed back to their initial conditions
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verity and Document

Z That the supply fan speed decreases to meet flow conditions
Record fan VFD frequency (Hz).

Z For systems with DDC to the zone level, check that current
operating static pressure setpoint has decreased.

Z For multi-zone systems, check that supply fan maintains
discharge static pressure setpoint withint 10 percent of the
current operating set point.

v Verification can be accomplished by simply reading the value
measured by calibrated pressure sensor and comparing it to
setpoint.

v System operation and supply fan controstabilizes within 5
minutes.
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Duyer
o tzom. SYXTHSENSE SDC GRAPHICS SERIES
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11.5% 0.0 %
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Estimated Time to Complete 7z
(time given is an estimate given by the CEC and must
not be taken as time required to perform this test).

Construction inspection: 0.5 to 1.5 hours (depending
on sensor calibration and minimum VFD speed
verification)

Functional testing: 1 to 2 hours (depending on how
total fan power at design airflow is determined and
system control stability)
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Purpose of the Test: \g

The purpose of this test is to ensure that the control
valves serving variable flow systems are designed to
withstand the pump pressure over the full range of
operation. Valves with insufficient actuators will lift
under certain conditions causingwater to leak through
and the loss of control. This test applies to the variable
flow systems covered by 8140.4(k)1 Chilled and hot
water variable flow systems, 8140.4(k)2 chiller
Isolation valves, 8140.4(k) 3 boiler isolation valves, and
§8140.4(k)5 water-cooled air conditioner and hydronic
heat pump systems
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Functional Testing ";

Step 1: Deadhead One Pump.

The intent of this test is to establish a baseline pump
pressure for use in checkingthe ablility of all valvesto
closeacrossthe system. Usemanual isolation or balance
valves at the inlet or bypassof all three way valves and
closeit off. If a balancevalve is usedbe sure to mark its
current position sothat it canbereset after the test



Verify and Document: “!

Isolate one circulation pump and make sure that all
chillers or boilers are turned off. Close off the isolation
valve at the pumps discharge and turn the pump on for
not more than 5 minutes. Measure and note the
POAOOOOA AAOI OO OEA HOI B

If the system Is piped primary/secondary make sure
this Is a secondary pump.

At the end of the measurement turn off the pump and
open the discharge valve at the pump.
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Step 2: Close control valves.

The intent of this test is to ensure that all two-way valves
can modulate fully closedand have actuators that can fully
closeacrossan operating pump. With the chillers or boller
still off, start the same pump that was used in Step 1 and
drive all heatexchangeror coll control valvesclosed

Make sure that the pump operates for no more than 5
| EIl OOAO EIT OEEO OAAAAEAAADG



\lerify and Document\g

Confirm eachcontrol valve closescompletely under normal
operating pressure. The intent is to make sure that the
actuator-valve torque requirements are adequateto shut
the valve under normal operating system pressure.
Verifying complete closure shall be done by measuring the
pressure acrossthe operating pump.

If the pressure is more than 5% lessthan that previously
measuredthe test fails asone or more valveshave not fully
closed Diagnoseand fix the problem then retest.
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Step 3: Return system back to normal operating condition.

Confirm all schedules, setpoints, isolation and balance
valves, operating conditions, and control parameters are
placedbackat their initial conditions.




Estimated Time to Complete 7 "=

(time given is an estimate given by the CEC and must
not be taken as time required to perform this test).

Construction inspection: 0.5 to 2 hours (depending on
avallability of construction documentation and
complexity of the system)

Functional testing: 30 minutes to 3 hours (depending
on the complexity of the system and the number of
valves)
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The Primary side of the heating or cooling
circuit containsthe boilers or chillers aswell as
the primary pumps. In this circuit the bollers or
chillers heat or cool the water which s
circulated around by the primary pumps in a
continuous loop between the chiller or boiler
andthe low lossheader



http://theengineeringmindset.com/chillers-what-are-they-hvac/
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The secondaryside of the systemcontains any of
the plant items which transfer thermal energy

iInto the rooms or equipment within the build
For example Fan Coil Units j & # S5A%r Oafc

INg.
ling

units j ! ( 5 @ligdh beams or under f
heating aswell asradiators etc.

oor



Primary/Secondary System

Secondary Pumps

Primary Pumps




\NRCAVICHOA
SupplyWater Temperature Reset

Ontrols Acceptance
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Purpose of the Test

The intent of the test Is to ensure that both the chilled
water and heating hot water supply temperatures are
automatically reset based on either building loads or
outdoor air temperature, as indicated in the control
sequences

Typically the chilled water supply temperature can be
raised asthe cooling load decreasesand heating hot water
supply temperature can be lowered as the heating load
decreases
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X Qutdoor air temperature

Another very common control strategy is to reset supply
water temperature basedon outdoor air temperature.

For example, hot water temperature may be reset linearly
between 90°F and 140°F when the outdoor air
temperature is above50°F and below 35°F, respectively.
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X Humidity control

And for special applications like hospitals, museums,
semiconductor fabrication and laboratories, the cooling
coll control may be based on maintaining a constant
relative humidity within the spacefor not only comfort but
also indoor air quality and moisture control (i.e. mold
ISsues)



\’

Supply Water Temperature Reset

The liquid transfers onorgy] SxsaiiE

to the refrigerant, which
avaporates
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The refnigerant is then compressed causing
the temperature to nse considerably

X
= Expansion valve
4—‘14

The heat is transferred to the
heating and hot water system
of the house
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Stored solar energy in the ground or rock

plastic hose, collecting energy from the ground

Heat transfer medium (glycol/water) caculates m a




Estimated Time to Complete zZ (time m%n estimate

given by the CEC and must not be taken as time required
perform this test).

U Construction inspection: 0.5 to 1 hours (depending
on availability of construction documentation (i.e.
plumbing drawings, material cut sheets, specifications,
etc. ) as well as sensor calibration.)

U Functional testing: 1 to 2 hours (depending on
familiarity with BAS, method employed to vary
operating parameters, and time interval between
control command and system response)



NRCAMCH10A
Hydronic System Variable Flow

Variable-Primary-Flow Systems
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Purpose of the Test

Ensure that all hydronic variable flow chilled water and
water-loop heat pump systemswith total circulating pump
power larger than 5 hp shall vary system flow rate by
modulating pump speed using a variable frequency drive
(VFD) or equivalent according to Standards Section
140.4(k) 6. Pump speed and flow must be controlled as a
function of differential pressure,and pump motor demand
must be no more than 30 percent design wattage at 50
percentdesignflow.
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The differential pressure sensor (if applicable) is either
factory or field calibrated by a Controls contractor or other
gualified technician. Field calibration requires measuring
system pressure, or differential pressure, as close to the
existing sensor as possible using a calibrated hand-held
measuring device and comparing the field measuredvalue
to the value measured by the building automation system
(BAS).

All pressure sensorsmust be within 10% of the calibrated
reference sensor Supporting documentation must be
attachedto the AcceptanceForm NRCAMCH10A.
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unctional Testing

Step 1.

Modulate control valves to reduce water flow to 50 percent
of the design flow or less, but not lower than the pump
minimum flow.

Modulating control valves can be accomplished by simply
commanding each valve to a specific position or by
adjusting temperature setpoints to be within the existing
temperature range.
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Step 2. Open control valves to increase water flow to a
minimum of 90 percent design flow.

Open control valves to reach between 90 and 100 percent
of design flow. Opening the control valves can be achievec
In a variety of ways, such as: resetting control setpoints sa
that valves respond accordingly, or commanding the valve
directly using the DDC control system (i.e., building
automation system).






Verify and Document “E

V Pump speed increases to 100%.
V System pressure increases and is within 5 percent of current
operating setpoint,

Record the system pressure as measured at the control sensor.
Record the system pressure setpoint.

V System pressure setpoint is greater than the setpoint
recorded in Step 1
V System operation stabilizes within 5 minutes after test

procedures are initiated.

Step 3.Restore system to initial operating conditions



Estimated Time to Complete 7 -’!

(time given is an estimate given by the CEC and must not be taken
time required to perform this test).

U Construction inspection: 0.5 to 1 hour (depending on
availability of construction documentationz i.e. plumbing
drawings, material cut sheets, specifications, etg.as well as
sensor calibration)

U Functional testing: 2 to 4 hours (depending on familiarity
with BAS, method employed to vary operating parameters,
verification method for system flow and VFD power)



NRCAMCH11A

Automatic Demand Shed Control
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Purpose of the Test: “!

Is to ensure that all control systemswith DDCto the zone
level are required to enable centralized demand shed at
non-critical control zones from a single software or
hardware point in the system8120.2(h).

Field studies have shown that in typical commercial
buildings resetting the zonetemperatures up by 2°Fto 4°F
during on-peak times can reduce the peak electrical
cooling demandby asmuch as30 percent.



——

Energy Monitoring & Control Systems with (ADR) Automatic
Demand Response, Load Shedding and built-in Webserver

SRUS

‘ ’ Irrigation



Functional Testing
Step 1 Engage the global demand shed system.

E This can be done by either jumping the digital
contact or simply overriding its condition in the EMCS
front end. Wait 510 minutes to allow the changes take
effect.

Verify and Document

E Check that the cooling setpoints in the notwritical
spaces increase by the proper amount.

E Check that the cooling setpoints in the critical space
do not change.



Step 2 Disengage the global'deman

Z 4EEO AAT AA AT 1T A AU AEOE
digital contact or simply releasing the override of the point
In the EMCS front end. Wait-4.0 minutes to allow the
changes take effect.

Parallel fan —| .
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45.1.1 Zone Thermostatic Controls“;

§120.2(a), (b) and (c)

Thermostatic controls must be provided for each space
conditioning zoneor dwelling unit to control the supply of
heating and cooling energy within that zone. The controls
must havethe following characteristics:

When used to control heating, the thermostatic control
must be adjustabledown to 55°F or lower.

When used to control cooling, the thermostatic control
must be adjustable up to 85°F or higher.
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When used to control both heating and cooling, the
thermostatic control must be adjustable from 55°F to
85°F and also provide a temperature range or dead
band of at least 5°F When the space temperature is
within the dead band, heating and cooling energy must
be shut off or reducedto aminimum. A deadband is not
required If the thermostat requires a manual
changeover between the heating and cooling modes
Exceptionto 8120.2(b) 3.
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For all single zone,air conditioners and heat pumps all
thermostats shall have setback capabilities with a
minimum of four separatesetpoints per 24 hour period.
Also the thermostat must comply with the Occupant
Controlled Smart Thermostat requirements of
Reference Joint Appendix JA5, which is capable of
responding to demand responsesignalsin the event of
grid congestion and shortages during high electrical
demandperiods.
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Systemsequipped with DDCto the zone level, rather than
zone thermostats, must be equipped with automatic
demandshedcontrols asper Section4.5.1.7.
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HVAC systems with DDCto the zone level must be
programmed to allow centralize demand shed for non-
critical zonesasfollows:

1. The controls shall have the capability to remotely
setup the operating cooling temperature set points by
four degreesor more in all non-critical zoneson signal
from a centralized contact or software point within an
Energy ManagementControl System(EMCS)



w

2. The controls shall also be capable of Mely setdown
the operating heating temperature set points by four
degrees or more in all norcritical zones on signal from a
centralized contact or software point within an EMCS.

3. The controls shall have capabilities to remotely reset the
temperatures in all non-critical zones to original operating
levels on signal from a centralized contact or software
point within an EMCS.

4. The controls shall be programmed to provide an
adjustable rate of change for the temperature setup and
reset.



“The controls shall have t
—

a) The ability to be disabled by authorized facility
operators; and

b) The ablility to be manually control by authorized
facility operators to allow adjustment of heating and
cooling set points globally from a single point in the EMCS
and

C) Upon receipt of a demand response signal the spact
conditioning systems shall conduct a centralized demand
shed, as specified in 120.2(h)1 and 120.2(h)2, for nen
critical zones during the demand response period.



Estimated Time to Comple!e‘z \=

(time given Is an estimate given by the CEC and must
not be taken as time required to perform this test).

U Construction inspection: 0.5 hour to review the
EMCS programming

U Functional testing: 0.5 to 1 hour (depending on
familiarity with BAS)



NRCAMCH12A
Fault Detection and Diagnostics (FDD) for Packagec

Direct-Expansion (DX) Units Acceptance

Fan
Current
switch

Optional economizer damper
control output (V17605 and VT7656)

% Qutdoor air
. sensor
D' K

Optional
humidification and
dehumidification
control output

Optional wireless Zigbee®

communication . LB AT T
B 5200001000 _ o _
| Supply Typical roof-top unit with economizer
— Al CersnE (VT7600-economizer series)

Open Communication protocols e



S —

Purpose of the Test

The purpose of this test is to verify and notify proper
fault detection and reporting for automated fault
detection and diagnostics systems for packaged DX
units.

Automated FDD systems ensure proper equipment
operation by identifying and diagnosing common
equipment problems such as temperature sensor faults,
low airflow or faulty economizer operation.




Construction Inspection

Prior to functional testing, verify and document the
following:

Z Biak tDE&dlled FDD has been certified to the
Energy Commission and is listed on the Energy
#1 11 EOOEIT060 xAAOEOA

(http://www.energy.ca.gov/title24/equipment_cert /).



http://www.energy.ca.gov/title24/equipment_cert/
http://www.energy.ca.gov/title24/equipment_cert/
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Acceptance Criteria

U The FDD system is able to detect a disconnected
outside air temperature sensor and report the fault.

U The FDD system is able to detect excess outside
alr and report the fault.

U The FDD system is able to detect a stuck outdoor
air economizer damper and report the fault.



Functional Testing

For each HVAC unit to be tested do the following:

1. Test for Air Temperature Sensor Failure/Fault

Step 1. Verify the FDD system indicates normal operation.

Step 2: Disconnect outside air temperature sensor from unit
controller. Verify and document the following:

Z FDD system reports a fault.
Step 3: Connect outside air temperature sensor to unit controller.

Verify and document the following:

Z FDD system indicates normal operation



2. Test for Excess Outside Air
Step 1. Coordinate this test with NA7.5.1 Outdoor Air

v If the Mech2A Outdoor Air passes, verify FDD system
Indicates normal operation.

3. Test for Economizer Operation

Step 1. Interfere with normal unit operation so test NA7.5.4 Air
Economizer Controls fails by immobilizing the outdoor air
AATTTI EUAO AAI PAO AAAI OAET ¢ Ol

Z After the Mech5A Air Economizer Controls fails, verify FDD
system reports a fault

Step 2: Successfully complete and pass NA7.5.4 Air Economizer
Controls



Estimated Time to Complete P«H

(time given is an estimate given by the CEC and must
not be taken as time required to perform this test).

U Construction inspection : 0.5 hour

U Functional testing : 1 to 2 hours



NRCAMCH13A
Automatic Fault Detection Diagnostics
(FDD) for Air Handling Units and Zone
Terminal Units Acceptance




Purpose of the Test“g

Fault detection and diagnostics can also be used to
detect common faults with air handling units and zone
terminal units (VAV boxes) such as loss of air flow.

LIEBERT DSC DIRECT EXPANSION AIR HANDLER



V

P —

Acceptance Criteria

The system Is able to detect the most common
faults with air handling units, such as a sensor
failure, a failled damper or actuator or an improper
operating mode.

The system is able to detect and report these
most common faults with zone terminal units, such

as a failled damper or actuator or a control tuning
ISsue.



Estimated Time to Complete 7 "=

(time given is an estimate given by the CEC and must
not be taken as time required to perform this test).

0

Acceptance tests will take 12 hours for each air
handler. It may be helpful to have two persons
performing this test. Time for acceptance testing for
terminal units depends on the number of boxes to be

tested.



ICE HARVESTING

O
<
<
a
D
(@))
SO
Y '@
+
23
&
Sl
=
)
0
1%
a

ICE MAKING




!urpose of the Test \e.

This test verifies proper operation of distributed energy
storage DX systems Distributed energy systemsreduce
peak demand by operating during off peak hours and
storing cooling, usually in the form of ice. During peak

cooling hours the ice Is melted to avoid compressor
operation.




Acceptance Criteria

V Verify nighttime ice making operation.

V Verify that tank discharges during onpeak cooling periods

V Verify that the compressor does not run and the tank does not
discharge when there is no cooling demand during epeak

periods.

V Verify that the system does not operate during morning shoulder
period when there is no cooling demand.

V Verify that the system operates in direct mode (with compressor
running) during the morning shoulder period.



Estimated Time to Complete P«H

(time given Is an estimate given by the CEC and must
not be taken as time required to perform this test).

U Construction Inspection : 0.5 hours

u Acceptance Tests: 2 hours






Purpose of the Test

This test confirms proper operation of thermal energy
storage (TES) systems.

TESsystems reduce energy consumption during peak
demand periods by shifting energy consumption to
nighttime.

Operation of the thermal energy storage compressor
during the night produces cooling energy which is stored
In the form of cooled fluid or ice in tanks.

During peak cooling hours the thermal storage is used for
cooling to prevent the need for chiller operation



@ RECHARGE CYCLE
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A!Ceptance Criteria \Q
~—

0

The TES system and the chilled water plant is
controlled and monitored by an EMS.

Verify that the TES system stores energy Iin
storage/charge mode.

Verify that the storage charging is stopped when an
end of charge signal is generated

Verify that the TES system starts discharging with
the compressor(s) off in discharge mode.



0

Verify that the TES does not discharge and the
cooling load is met by the compressor(s) only Iin
mechanical cooling only mode.

Verify that the TES discharges with the chiller
sharing the load during discharge and mechanical
cooling mode.

Verify storage does not discharge and all
compressors are off during the off/storagesecure
mode.

When applicable, verify that tanks can be charged
while serving in active cooling mode during chargeplus
cooling mode.



Estimated Time to Complete 7z
(time given Is an estimate given by the CEC and must

not be taken as time required to perform this test).

U Construction Inspection : 0.5 hours

u Acceptance Tests: 2 hours



Mech-16A
Supply Air Temperature Reset Control
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Purpose of the Test

The purpose of the test is to ensure that the supply air
temperature in a constant or variable air volume
application serving multiple zones, according to Section
140.4(f), modulates to meet system heating and cooling
loads.



P —

Acceptance Criteria
X Construction Inspection Criteria:

Thetemperature sensor(s) must be factory calibrated,
field calibrated by the Start Up Technician or field
checked by test technician with a calibrated standard.
Calibration certificate or other supporting
documentation must be provided.



—

Functional Testing : For each system, the test criteria
iInclude:

v Supply air temperature controls modulate as
iIntended.

Z Actual supply air temperature decreases to meet th
new set point within £ 2°F

Z Supply air temperature stabilizes within 15 minutes.
Supply air temperature and temperature setpoint must be
documented in the acceptance form.



Estimated Time to Comple!e 74 "=

(time given Is an estimate given by the CEC and must
not be taken as time required to perform this test).

U Construction inspection : 0.5 to 1 hours (depending
on sensor calibration)

U Functional testing: 0.5 to 1 hours (depending on
system control stabllity)



Approximately 90° F
Saturated Air

From Water-Cooled
Condenser

‘ Back to Condenser
Cooling Tower -



Purpose of the Test

The intent of the test is to verify that the condenser water
supply (entering condenser water) temperature Is
automatically reset as indicated in the control sequences,
based on building loads, outdoor air wet bulb temperature
or another appropriate control variable.

All cooling tower system components (e.g. fans, spray
pumps) should operate per the control sequences to
maintain the proper condenser water temperature and
pressure set points as designed







This requirement for condenser water reset acceptance
only applies to those chilled water systemswith a cooling
tower that implement some kind of condenser water
temperature reset control.

(here is no code requirement that chilled water plants
employ this type of control. However, if condenser water
temperature reset is implemented, then it must be tested
per the Energy Standards

The purpose of this test is not to evaluate whether a
particular control sequenceis the most appropriate for the
facility, but whether the system follows the intended
control OANOAT AAOG






