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Learning Objectives

* To be aware of issues in complying with the RCx
portion of Local Law 87

* To be familiar with the typical procedures, data,
and findings from RCx

* To understand the use of BAS in RCx

* To know how to use new public domain tools in
NG

* LEAN Energy Analysis, Building Automation System
Assessment Tool (BASAT), Universal Translator (UT) and
Building Re-Tuning (BRT)



Retro-Commissioning

The systematic investigation and adjustment of
building systems to assure that they operating as per
specifications and/or best efficiency.

Local Law 87 requires certain RCx procedures
- Investigation of major building systems
- Calibration of sensors that inform multiple systems

But much is left to the engineer’s discretion in terms of
what is investigated and how.
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RCx Case Study: 1500 Broadway

Objectives of the Case Study
* Procedures

* Findings

* Benefits

* Testing of new tools




1500 Broadway — Description

General Building Information

* Commercial/office high-rise built in 1972;
renovated in 1995

* 34 floors, 2 mechanical floors

* Systems split into Low-Rise and High-Rise
systems

* Con Ed Steam, Absorption Chillers




1500 Broadway — Description

HVAC System Information

* Two goo-ton steam-fired absorption chillers located on
15t Floor

* Perimeter induction units, core AHU originally constant
volume

* Hot water converters for perimeter and interior reheat
hot water

* One MP fan for perimeter induction units, one Constant
volume core fan, and a common return fan located on
each mechanical floor

BAS Information
* Manufacturer: Andover (now) Schneider Electric

* Software Product: Continuum; Pinpoint (graphical
interface)



RCx Process

» Adapted from Commissioning procedure for new buildings.
Purpose is verify the equipment condition and operation of
buildings that have never been commissioned before. Looks for
low-cost/no-cost improvements to comfort or efficiency.

* Answers the following questions:
* Has there been a significant change of use or purpose?

* Does the system currently function according to design intent
(original or otherwise)?

* Are key flows and sequences of operation what they should be?

* Complicating factors
* Do we know the original design intent?
* Do we have any drawings?

* Is the design intent still the most efficient way to operate the
building?



RCx Investigation & Testing

- Consists of 3 parts
o Pre-functional tests
o Functional Tests
o Master Deficiency List

* Good source of Public Domain commissioning forms:

* http://www.peci.org/model-commissioning-plans-guide-
specifications

* Documents used in the investigation are adapted from this
source
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RCx Investigation & Testing

- Pre-functional test

* Generated for all major HVAC equipment

* 2 Medium Pressure perimeter fans
* 2 Low Pressure core fans

* 2 Common return fans

* 2 Chilled Water Pumps

2 Condenser Water Pumps
* Assesses equipment condition

* Condition of sensors actuators, valves, and dampers

* Installation and maintenance



AHU PREFUNCTIONAL CHECKLIST

P r e _fU n Ct I O n a I | Prefun;ti:nTl Checklist
Project 508 Bewel v

C-___ AIRHANDLER UNIT, AHU #s_5f- ¥ - -
e S O rl I l Components jncluded: 2 supply fans, @nd exhaust fans, ___ coils,

___valves, _V VFD, dampers
Associated Checklists: CHW, HW Piping,

PC-

1. Submittal / Approvals
I Submittal. The above equipment and systems integral to them are complete and ready for functional testing.
The checklist items are complete and have been checked off only by parties having d rect knowledge of the ¢
as marked below, respective to each responsible contractor. This prefunctional checklist is submitted for
approval, subject to an attached list of outstanding items yet to be completed. A Statement of Correction will be
submitted upon completion of any outstanding areas. None of the outstanding items preclude safe and reliable

functional tests being performed. List attached.

* What equipment are e T
we covering in this R s
p Foce d ure ? AR Contes General Contractor

Prefunctional checklist items are to be completed as part of startup & initial checkout, preparatory to functional testing.

This checklist does not take the place of the manufacturer’s recommended checkout and startup procedures or report.
Items that do not apply shall be noted with the ons on this form (N/A = not applicable, BO = by others).

If this form is not used for documenting, one of similar rigor shall be used.

Contractors assigned responsibility for sections of the checklist shall be responsible to see that checklist items by their
subcontractors are completed and checked off.

® D O W e h a V e “Contr.” column or abbreviations in brackets to the right of an item refer to the contractor responsible to verify

completion of this item. A/E = architect/engineer, All = all contractors, CA = commissioning agent, CC = controls
contractor, EC = electrical contractor, GC = general contractor, MC = mechanical contractor, SC = sheet metal

d O C U m e n ta t I O n ? contractor, TAB = test and balance contractor, ] =

Approvals. This filled-out checklist has been reviewed. Its completion is approved with the exceptions noted below.

Commission - Date Owner's Representative Date

2. Requested documentation submitted

Notes:

-

File: AHU Prefunctional Checklist. docxCommissioning Guide Specification —-PECI: 10/2/2013
~-Large Buildings




AHU PREFUNCTIONAL CHECKLIST
PC-

|
Check if Okay. Enter comment or note number if deficient
- | l Check Equip Tag> | (.| (.9 RE€ Contr.
Manufacturer's cut sheets J J v
Performance data (fan curves, coil data, etc.)
1 = as specified, 2 = as submitted, 3 = as installed. Check if Okay. Enter note number if deficient.

Installation and startup manual and plan x X X
Sequences and control strategies
Equip Tag-—>
! 1
Manuf
Model

Equipment “Background s

* Documentation complete as per contract documents for given trade........ YES ___NO

3. Model verification [Contr=__ ]

Checks”
* s it what's expected from

p | a n S 7 * The equipment installed matches the specifications for given trade..........___ YES NO

4. Installation Checks

Check if Okay. Enter comment or note number if deficient

* s it_pro_perlg installed and

Check Equip Tag-> |SC.% | SF 97| Re - Contr,
m a I nta I n e d Cabinet and General Installation
Permanent labels affixed, including for fans X 1. X X
I ! | ) Casing condition good: no dents, leaks, door gaskets installed / il ‘/ /
Access doors close tightly - no leaks 4 P X
y " . Boot between duct and unit tight and in good condition N v N
| Vibration isolation equipment installed & released from shipping
P | | locks v 7 i
; L Maintenance access acceptable for unit and components / \/ ,/
4 Sound attenuation installed )
i Thermal insulation properly installed and according to specification ‘/ v { Some [le-nd iy e Yo aqe o
Instrumentation installed according to specification (thermometers, X X X Pretmptic k“M (uv/'r / J‘-':/‘ 5o¥y
pressure gages, flow meters, etc.) opfol olenfload el e
Clean up of equipment completed per contract documents ,/ J J
Notes:
File: AHU Prefunctional Checklist docxCommissioning Guide Specification ~PECI; 10/2/2013 2

--Large Buildings




Pre-functional
Test Form

System conditions —
installation +
maintenance

I

AHU PREFUNCTIONAL CHECKLIST

PC-
Check if Okay. Enter comment or note number if deficient

Check Equip Tag-> [SF-¥ [SF-7 [R¢-¢ Contr.
Filters installed and replacement type and efficiency permanently ( : [
affixed to housing--construction filters removed N
Valves, Piping and Coils (see full piping checklists)
Pipe fittings complete and pipes properly supported \ -
Pipes properly labeled / / -
Pipes properly insulated / / -
Strainers in place and clean \./ / .~
Piping system properly flushed \/ \r -
No leaking apparent around fittings L / ” |
All coils are clean and fins are in good condition J f Some A1 Au eiilis 'r‘l
All condensate drain pans clean and slope to drain, per spec X X = ﬂ’:'_"»'* ‘b:jj :}F‘ﬂt i i
Valves properly labeled X X - & V
Valves installed in proper direction v J - ‘
OSAT, MAT, SAT, RAT, chilled water supply sensors properly X X x Tery lr "G gra 1 o B
located and secure (related OSAT sensor shielded) bascel| an 3 k, ob ¢l
Sensors calibrated (See calibration section below)
Motors: Premium efficiency verified, if spec'd?
PIT plugs and isolation valves installed per drawings Vv ) -
Fans and Dampers
Supply fan and motor alignment correct Vv -
Supply fan belt tension & condition good J ? R
Supply fan protective shrouds for belts in place and secure T J -
Supply fan area clean X X - Debris |sbseryell sidel v
Supply fan and motor properly lubricated N -
Return/exhaust fan and motor aligned - = J/
Return/exhaust fan belt tension & condition good - - r
Return/exhaust fan protective shrouds for belts in place and secure - - v
Return/exhaust fan area clean = - X
Return/exhaust fan and motor lube lines installed and lubed - - J
Filters clean and tight fitting X P% =il ad . are veey Al }
Filter pressure differential measuring device installed and functional ) devive| 15 inddaled baf
(magnabhelic, inclined manometer, etc.) A X - APP 4 ¢ s dloine [ ‘xi‘(.
Smoke and fire dampers installed properly per contract docs hi
(proper location, access doors, appropriate ratings verified) v / =
All dampers close tightly X X - 597 Tdovt b .lf., ,I,.‘,V th
All damper linkages have minimum play T B . i sy Btdeonll] Fadloc
Low limit freeze stat sensor located to deal with stratification & 4
bypass X X - |Iw Jd'~. ot € puemge b ¢

Ducts (preliminary check)

Sound attenuators installed

Notes:

File: AHU Prefunctional Checklist docxCommissioning Guide Specification ~PECI; 10/2/2013

~-~Large Buildings



Pre-functional
est Form

Calibration!
* When last calibrated

* Test against a test
Instrument

AHU PREFUNCTIONAL CHECKLIST

PC-
Check if Okay. Enter comment or note number if deficient
Check Equip Tag> [SF-§ [ S¢-4 [Rf- (. Contr.
Specified sequences of operation and operating schedules have X X
been implemented with all variations documented X
Specified point-to-point checks have been completed and [ / /
documentation record submitted for this system v ) b
* The checklist items of Part 5 are all successfully completed for given trade. YES NO

6. Sensor and Actuator Calibration [

All field-installed temperature, relative humidity, CO, CO, and pressure sensors and gages, and all actuators (dampers and

valves) on this piece of equipment shall be calibrated using the methods and tolerances

ven in the Calibration and Leak-by

Test Procedures document. All test instruments shall have had a certified calibration within the Jast 12 months: Y/N_

Sensors installed in the unit at the factory with calibration certification provided need not be field calibrated.

ist Final 1st Final
Sensor or Loc- | Gage Instr. Gage Loc- | Gage Instr Gage
Actuator & ation | or BAS | Meas'd | or BAS | Pass Sensor & ation | or BAS | Meas'd | or BAS | Pass
Location OK Value Value Value | Y/N? Location OK Value Value Value | Y/N?
Gage reading = reading of the permanent gage on the equipment. BAS = building automation system. Instr. = testing

instrument. Visual = actual observation. The Contractor’s own sensor check-out sheets may be used in lieu of the above, if

the same recording fields are included and the referenced procedures are followed.

e All sensors are calibrated within required tolerances................ P e YES

-- END OF CHECKLIST--

fle Specification —~PECI: 10/2/2013
ings




1500 Broadway
RCx Investigation & Testing

* Functional Tests

* Developed from Sequence of Operations
documents on-site

* Verifies proper operation and system
response

Key flows, temperatures, sequences

BAS as data source + test instrument



Functional Test

| |
l ' l l ‘ t I O l l a | Project: i50C (%(c«d"w».\// Rekso commission

FT-_> COOLING AIR HANDLING UNIT AHU__ S¢-7

And Associated Equipment Including:
Te St F O l I l _J Return Fans, RF____ 27 -(
___Outside Air Handling Unit, AHU
Related Tests:

I 1. Participants

Party Participation
T gadc

—- r
Johiw Tecch'le

N-.L’ :,(,,) F..‘_ .ll(.
J

Party filling out this form & witnessing _ Alich, . quu] wlo Date of test
i, 19/ v

Detailed guide to and
record of testing for each

2. Prerequisite Checklist
a. The following have been started up and startup reports and prefunctional checklists submitted and

p i e C e Of e q U i p m e nt . approved ready for functional testing:

__ Chilled Water System __ Condenser water pumps
__Connected Terminal Units __Chilled water piping and valves
__Cooling towers __Variable speed drives for pumps
b. __ All control system functions for this and all interlocking systems are programmed and operable per

contract documents, including final setpoints and schedules with debugging, loop tuning and sensor
calibrations completed.

Controls Contractor Signature or Verbal Date
c. Piping system flushing complete and required reports approved.
d. __ Water treatment system complete and operational.
e. __ Vibration control report approved (if required).
f. _ Test and balance (TAB) completed and approved for the hydronic systems and terminal units
connected.
g. __ All A/E punchlist items for this equipment corrected.
h. __ These functional test procedures reviewed and approved by installing contractor.
i. __ Safeties and operating ranges reviewed.
j. __ Test requirements and sequences of operation attached.
k. Schedules and setpoints attached.
1. False loading equipment, system and procedures ready (boilers, preheat or reheat coils, control

loops, over-ride on OSA dampers, etc.)
n. _ Have all energy savings control strategies, setpoints and schedules been incorporated that this
equipment and control system are capable of? If not, list recommendations below.




n
n. __ Control Program Review. Review the software control program(s) for this equipment.
Parameters, setpoints and logic sequences appear to follow the specified written sequences.

0. __ Record of All Values for Current Setpoints (SP), Control Parameters, Limits, Delays, Lockouts,
Schedules, Etc. Changed to Accommodate Testing:
e St O r m Returned Returned
Parameter Pre-Test to Pre-Test Parameter Pre-Test | to Pre-Test
Values Values ¥ Values Values V

Discharge air static ! Bldg. static P.

pressurg (SP)P . J ’ 1.2 ‘/

Discharge air temp 65° J Dirty filter D.P. -

Static P. reset - OSA CFM

schedule ) -

Discharge air reset

schedule - g

3. Sensor Calibration Checks. Check the sensors listed below for calibration and adequate location. This
is a sampling check of calibrations done during prefunctional checklisting,

.
C O n t rO | I ro g ra l I l I E ev I ew “In calibration™ means making a reading with a calibrated test instrument within 6 inches of the site sensor. Verify that the
sensor reading (via the permanent thermostat, gage or building automation system (BAS)) compared to the test instrument-

measured value is within the tolerances specified in the prefunctional checklist requirements

( ). 1f not, install offset in BAS, calibrate or replace sensor. Use the same test instruments
a . . as used for the original calibration. if possible.
Sensor & Device Calibration - R
Gage Gage Gage Gage
Loc- or Instr. or Loc- or Instr. or
Sensor & ation | BAS Meas'd BAS | Pass Sensor & ation | BAS Meas'd BAS Pass
N Ote U Se Of BAS Va | U es Location OK' | Value | Value | Value | YIN? Location OK' | Value | Value | Value | Y/N?
DAT X |£5.2 |4y (5.3 | Ab Disch. SP X |5P Twdsdicer becedad | alo
RAT 3o M. | L
OSAT X 48] 56° | 4.5 Ao

Sensor location is appropriate and away from causes of erratic operation.

4. Device Calibration Checks. The actuators or devices listed below checked for calibration. This is
a spot check on a sample of the calibrations done during prefunctional checklisting and startup.
“In calibration™ means observing a readout in the BAS and going to the actuator or controlled device and verifying that the
BAS reading is correct. For items out of calibration or adjustment, fix now if easy, via an offset in the BAS, or a

mechanical fix

Device or Actuator & Location 1st Site Final BAS | Pass
Procedure / State BAS Value | Observation Reading YIN
Cooling coil valve (CCV) 1. Intermediate positions A54-18%| 25% ~7s% | 25/ -7sh| Y
position or command and 2. Full open |los%s 19070 4 Y
stroke* 3. Increase pressure (open) oo j00% Y
4. Closed 9 % % 'Y Y
5. Remove power or air (closed) O%s Q7o 0% Y
Relief damper position ** 1. Closed Q% Q% G7/a Y
2. Full open % fo7/ 190 9% A
Mixed air damper position ** 1. Closed % oYs Q% Y




Functional
Test Form

Establish key flows
» water and air
* actual vs design

OA damper of major
Import.

* Position as
commanded?

* Appropriate
minimum?

* Leak-by when
cIosed7

* BAS as data source

Device or Actuator & Location

1st Site Final BAS | Pass
Procedure / State BAS Valu Observatlo admg Y/N
IO J

Main OSA damper position**

Min. OSA damper position** . >Ld

2. Full open

Inlet guide vane position*** 1. Closed
Variable fequency drive speed

(VFD)***
* Set pumps to normal mode. » [, Command valve 10 a few intermediate positions. Verify that readings in BAS
sonably correspond to the actual pos \ Lower space setpoint to 20F below
nperature. Verify BAS reading says CCV is 100% open. Visually verify valve is 100% open. Procedure 3. For
- - -2 pressure to valve by 3 psi (do not exceed actuator rating). Verify valve
normal. Procedure 4. Set space setpoint to 20F above space temperature.
rify valve is closed. Procedure 5. Remove control air or electricity from
osition do not chang
er is shut and BAS reads shut. 2. Do the same, commanding damper fully

trolling static pressure setpoint (duct or discharge) to be 1/4 of its
speed is at minimum for VFD and packaged controller reads the same.
wre 2. Lower the space temperature setpoint to be 20F below space
g. Raise the static pressure setpoint as necessary to cause the

bs are fully open or the fan speed is at its max. and verify that the
o normal.

list and startup reports completed successfully. Pass? Y /N \{



Functional Test Form

-5 Specific Sequences

6. Functional Testing Record

Seq. ID
From_ Mode ID* Test Procedure’ Pass
Specs (including special conditions) Expected Response® s Not
e
1 FAN OFF Standby Check. With Units Verify by visual inspection that:
Commanded off by BAS. Return Air Dampers in AHU 384
are Open
Outside Air Dampers in AHU-
384 are Closed \
Isolation Dampers on AHU-9&10 Y
are Closed
Relief Dampers in RF-3 and RF-
4 are Closed
Cooling Coil Valves on Cooling
Coils of AHU--3&4 are Closed
1 UNIT STARTUP | With Units Commanded on by BAS Supply Fan Isolation Dampers
Open in AHU-384(Both Supply
Fans in each Unit)
Supply Fan start through VSDs
Supply Fan Isolation Dampers in
AHU 9&10 Open Y
AHU-9&10 Fans Start
RF-38&4 Isolation Dampers Open
RF-3&4 Fans start through VSDs
Exhaust Fans EF-5,6,7,8,9&12
start.
2 RF VOLUME 1. Verify RF Volume, utilizing air flow | Verify that RF air flow meter
CONTROL meters in Retum Fans RF3&4, Supply | readings correspond to
Fans in AHU-3&4 and Garage calculation.
Exhaust Fan EF-1, and TAB
established CFMs for Exhaust Fans 3 v e
EF-5,6,7,8,9,12, TAB established RF-{ hol peu !‘j
Fixed Differential, make the following 2
calculation: Return Air d ""\‘)" CEM fow
Flow=1/2{Supply Air Flow(AHU-
3Flow+AHU-4 Flow) - EF5 Flow-EF6 N
Flow-EF7 Flow-EF8 Flow-EF9 Flow-
EF-12 Flow--SF1 Flow-Fixed
Differential}
2. Trend Log RF384, AHU 384, and | Verify that RF air flow meter
SF-1 air flow rates at 5 min. intervals readings continue to correspond
Command off EF-5,6,7,8,9 and 12 to calculation
sequentially at 5 min. Intervals
3 TEMPERATURE | 1. Utilizing BAS, Record OSA Temp QOutdoor Air Dampers and
CONTROL- and OSA Dewpoint Return Air Dampers should
ECONOMIZER | 2. Calculate Enthalpy of OSA. modulate in sequence to /
3. Utilizing Enthalpy calculations, maintain DAT setpoint. Cooling /\\f
reset DAT setpoint such that Enthalpy | Coil Valves should be closed
of OSA is less than Enthalpy of
Supply Air at revised conditions. \

Dl.n(/ri)'

howerrer

Cawv yrv;‘,lvlpk.( r,u.‘?f(fl\(,
é’wl’,lp‘\ Qt}(l .*(‘rg wert

b e b pesdion

Seq. 1D
From Mode ID” Test Procedure’ Pass
Specs (including special conditions) Expected Response’ YN Not
e
3 TEMPERATURE | 1. Utilizing Enthalpy calculations OSA Dampers should close,
CONTROL-- above, reset DAT setpoint such that Return Air Dampers should
ECONOMIZER | the Enthalpy of Supply Air is less than | open, Chilled Water Coil Valves
that of OSA should modulate to maintain .
discharge Temp \(
2. Return to normal operation. Unit should attempt to utilize
Utilizing BAS trend logging economizer cycle when possible
capabill record OSA P sre, | for cooling
Return Air Temperature, OSA
Dewpoint, DAT setpoint and DAT at
15 min intervals for an 8 hr. period
4 DUCT STATIC | Disable Duct Static Pressure Reset Verify that VSD's modulate as
PRESSURE utilizing BAS Software. Adjust space | required to maintain SP setpoint 3
CONTROL temperature setpoint on significant without hunting or overshooting \{
quantity of zones to be well below setpoint |
observed reading
4 HIGH STATIC With units running at low flow Verify that BAS indicates an
PRESSURE condition, utilizing a squeeze bulb, alarm condition at 3.6" WG and N
ALARM AND simulate an increase in discharge air shuts fans down at 4'WG /A
SHUTDOWN static pressure.
4 STATIC 1. For PerimeterTerminal Units on Verify that DA SP Spts increase
PRESSURE floors 9-16, Reset space temperature | by 0.10° WG at 5 min intervals
RESET setpoints to be below space until only one Perimeter TU
temperatures, Utiliziing BAS trend remains in saturation. Verify that
logging capabililities, Record at 5 min setpoints are met and
intervals, Discharge Air SP Spt, maintained without excessive
Perimeter TU Units in saturation hunting ,/}
2. Reset space temperature setpoints | Verify that DA SP Spt decreases
to be above space temperatures. by 0.10"WG at 5 min intervals
Utilizing the same Trending as above, | until one Perimeter TU reaches
Record the same data points saturation
5 DISCHARGE 1. For Perimeter Terminal Units Verify that Discharge Air
TEMPERATURE | Floors 9-16, Reset space sensor Temperature Setpoint is reset
RESET setpoints to be above space upwards at 2 deg increments
temperatures. Ulilizing BAS Trend every 6 min to maintain design
Logging, at 6 min intervals, record cooling CFM at 5 perimeter TUs
DAT setpoint, DAT, and perimeter TU | to maintain design cooling CFM
cooling Flow rates
N A
2. For Perimeter Terminal Units Verify that Discharge Air /
Floors 9-16, Reset space sensor Temperature Setpoint is reset
setpoints to be below space downwards at 2 deg increments
temperatures. Utilizing BAS Trend every 6 min to reach design
Logging, at 6 min intervals, record cooling CFM at only 5 perimeter
DAT setpoint, DAT, and perimeter TU | Tys. Both should happen
cooling Flow rates without excessive hunting
6 SMOKE Interfacing with EC, simulate a fire Verify that AHU System returns
CONDITIONS mode with the Fire Alarm System to FAN OFF Status., with OSA N ‘A

and Relief Dampers in a Closed
Position




Functional Test Form

More Specific Sequences

Seq. ID
From Mode ID* Test Procedure’ Pass
Spsce (including special conditions) Expected Response* e I
7 WARMUP Place Units BAS Control Mode into Verify that dampers assume a A [
CONTROL Warmup. Overwrite RAT Sensor 100% Return Air Mode. A Ne
Reading to be 65 Deg. F. Wans
7 WARMUP Place Units BAS Control Mode in Verify that unit retumns to Normal n Pragfa
CONTROL Warmup. Overwrite RAT Sensor Operation Mode A//A w l‘}
Reading to be 72 Deg. F S
1 FREEZE Overwrite Low Limit Detection Verify that system alarms, fans g F"‘ eze 5
CONDITION Thermostat reading to be 38 Deg. F. stop, OSA Dampers close, Relief 2
Dampers Close, and RA [\J not| miree
dampers open. S
ur
13 RETURN FAN With AHU Units 384 Units running at Verify that system alarms and
STATIC low air flow condition, Overwrite RF 3 | that all Fans are shut down N,
PRESSURE | or4 return air fan inlet SP to a JA
reading below -1.5"W.G
14 NIGHT PURGE | With Units in Night Low Limit Mode, Verify that Unit Starts, Return
Select a space temperature sensor at | Air Dampers Close, Heating
random and overwrite this value to be | Control Valves remain Closed,
82 Deg. F. Overwrite OSA OSA Dampers open, flushing
temperature value to 63 Deg. F. space with OSA, When Return /\,ﬁ
Overwrite Relief Air Temp. Sensor to | Air Temperature reaches a value
a value of 82 Deg. F., after 15 of 75 Deg. F., Purge Cycle
minutes, Overwrite Relief Air Temp should terminate,
Sensor to a Value of 75 Deg. F.
15 MANUAL With Fire Alarm System in alarm, Verify that Single Fan operates,
SMOKE utilizing control panel in Fireman Isolation dampers open only on
PRESSURIZ. Control Center, select a floor and selected Fans, Return Fans are
SYSTEM place floor into purge mode off, Outside Air Handling Units ’kyﬁ
are off, OSA dampers open, and
return air dampers close
B1 MIN OSA UNIT | Command AHU-1&2 System off Verify that AHU 9810 isolation
FAN OFF dampers are closed, and if OSA ,
temperature is above 35 Deg. F, Y
heating coil control valve is
closed
B1 MIN OSA UNIT | Simulate a OSA temperature below Verify that heating coil control Y
FAN OFF 35 Deg. F valve opens
B2 MIN OSA UNIT | Utilizing BAS software, reset Verify that Face and Bypass
TEMPERATURE | discharge air setpoint to 80 Deg. F Dampers and Heating Coil A/
CONTROL Control Valves modulate in //\
sequence to maintain 80 Deg. F.
Setpoint
B3 MIN OSA UNIT | Simulate a condition at low limit Verify that BAS system goes into No oy
FREEZE detection thermostat of below 40 alarm, AHU 788 Fans Shut teap| feee
CONDITION Deg. F Down, AHU-7&8 Isolation /\} f
Dampers Close, and Heating
Valve Opens.
ON-FLOOR Place AHU-3&4 in normal operating Verify that RAF 9-1,9-2,10-1,10-
RETURN FAN mode 2,11-1,11-2,12-1,12-2,13-1,13- \{
OPERATION 2,14-1,14-2,15-1,15-2 Start and
Run

and sequences with Specification
Section 15950-3.3A and Control
Drawings prepared by CC

be incorporated into as-builts.

Seq. ID
From Mode ID* Test Procedure® Pass
Specs (including special conditions) Expected Response” S Not
e
BUILDING Trend log the supply fan speed, the Observe in the trends that the
STATIC relief fan speed, relief damper position | building static pressure is 0 f/ v
PRESSURE and the building static pressure for 24 | maintained within +/- 0.05" of
hrs at 5 min. intervals. During the setpoint without excessive e
trend, force, if necessary, the hunting. Carefully examine
economizer damper to be full open during the extreme economizer /\} i
and at minimum. Document these damper positions. Observe that 44
times. any relief dampers modulate as
expected relative to relief fan
operation and static pressure
AHU FILTER Reset the Filter Differential Pressure Verify that the BAS reports an
DROP to exceed the settting recommended alarm N
by the filter manufacturer.
- CHILLED 1. Utilizing BAS, place AHU Units in Chilled Water Return Temp
WATER VALVE | WARMUP Mode. should approach RAT. If
CLOSING 2. Manually close isolation Valve in significant divergence is noted,
EFFICIENCY Chilled Water Supply to AHU Coil. review specified performance
3. Place thermometer in Chilled requirements of Chilled Water
Water Return Piping adjacent to AHU, | Control Valves.
Record temp. at 1 min. intervals for 15 /
min N//\
4. Manually open isolation Valve in
Chilled Water Supply to AHU Coil.
5. Repeat Step 3.
6. Graph Results on Temperature-
Time Basis.
- SUPPLY FAN Utilizing BAS, Command AHU-1, SF-1 | Verify that AHU-1, SF-1 Isolation
ISOLATION into the off position Dampers Close. \(
DAMPER
REVIEW Reveiw schedules, current setpoints Submit approved differences to

Record Foot Notes
Sequences of operation specified in Contract Documents (attached)

*Mode or function 1D being tested from testing requirements section of the project Specifications

3Step-by-step procedures for manual testing, trend logging or data-logger monitoring
:Include tolerances for a passing condition
“Record any permanently changed parameter values and submit to Owner.

-- END OF TEST --

A.Lﬂ = L\cv
kn.—.-,.;'( J( 4

J
blidy 3
wd



RCx Investigation & Testing

» Master Deficiency List

* Documents all findings/repairs
* Use to plan & track resolution

4

1500 Broadwa

3

Master Deficiency List

offinthe event ofa lowdemp alarm

low-temp alam that will shut dewn the unit and generate an
alarmin the BAS.

- - = = = - - Date Responsible Status of
Unit Category/Topic Finding description and type* Recommended solution or action Added Party e
Two steam traps for the steam-HWW heat exchanger system in the .
M e e Tt Replace or repair the traps 124M2 In-house
. . . L. - Repair insulation, apply mastic over degraded .
M Insulation on interior of unit is de-nosing in some places insulation to restore integrity. 1073
o Update contrel in BAS to allewRetum Fan VFD to operate 10M4M3 T M.Bier
based on Retum Air requirements. -
P—— -
Unit ramped down 15 Hzduring 5 F-6 failure test, this is minimum Dggfﬂi?ﬁg‘ﬁf;'i':_gg”nﬁ l"n':'n.n E‘Etﬂ;";g:fmﬁ’; ”:”;”j f
; L SF T - W 5 . a1 T MBI
RF-5 o prqgrﬂrgdmed into VED and |ﬁs |nmr£edif;;ﬂu:te UF::I? ..g;_ts_tll be updated to allowunit te modulate based on airfow 101213 M. Bier
running and as a result, operating under er starved conditions. requirements
Vacmwmelsan Gnchanbar, and chack dunng cochng szazonteo
M Debris, both de-nosed insulation as well as foreign, found on ficor |cenirm that no moistues camyover wek wevhtion Ifearmover e In-house
: inzide unit. exist, fan should be rebalanced to educe coil vaEocdty below 500 -
FPML
RepairReplace exsting feez stat as needed, mount
additional freeze stats and wire them together in series to
aom Freezestat has inadeguate coverage ofcoil surice, was alzo provide adeguate coverage ofthe coil Boe. Tiethe 107113
o mounted incorrectly and laying in condensate pan ofunit additional feezestats into the zame alam =zignalto the e
BAS to alert cperators ofa lowstemp condition at the unitif
any ofthe feezestats are tipped.
. - . B .| Repairand restore fundionality of the freeze stat Adda
F reezestat was not wired into anything, it was mounted on the unit o mam .
0 but not connected to the BAS or anything to allowitto shutthe unit| 3@PMICIN BAS to monitor freeze stat status and program &\ 4 ppsygs | 7 Bier




Master Deficiency List
Major findings identified for 1500

* Redundant Static Pressures on one fan

* Pneumatic controls only partially operating

* Undersized return duct

* Common return fan tracking only a single Supply fan

* Sequencing of common return fan upon failure of supply fan
* Core Reheat coils removed/abandoned

* Excess Chilled water flow

* Deficient Condenser water flow

* More recent tenant fit-outs are VAV, while older tenants still
have Constant Volume systems



Benefit from RCx Findings

From MDL, we identify
measures with particular
energy savings potential

e Excess Outside Air due
to undersized Return
section

* CHW over-pumping

Building energy systern deficiencies: A recent study of retrocommissioning revealed a wide vari-
ety of problems—those related to the overall HVAC system were the most common type (A).
Energy and non-energy benefits: Retrocommissioning provided both energy and non-energy
benefits—the most common of these, noted in one-third of the buildings surveyed, was the
extension of equipment life (B).

A. Energy system deficiencies B. Energy and non-energy benefits

Facilitywida [EMS Productivity/safaty
Lighting o utility related) 5%
36% it Change orders and "\". Liability

Ervelope \ 1%

HVAL |'[;|_1|-n|_-|i|~.e‘j\"'-. /0% l.r-.anant-_q-_ claims
heating and cooling) \ " Plug load 5% “
4~ ™ “01%

.,
— Ongoing ™, Equipment
Tenminal units P ) . abior CoE ifie
48— Air handling Idhg"‘:n‘[ Jl,f;
and distribution ! =
Heating plant Hak Oither
first cost Al
1%
Coaling plant
Indoor air
quality

1% Thermal comfart
N%

Note: EMS = energy management systam. Courtasy: E SOURCE; data from Lawrenca Berkaley Mational
Laboratory, Partland Energy Consenation Inc., and Energy
E'fE..Eﬂ'lE Laboratory, Tenas ARM University

RCx shown to have many kinds of
benefits

* Energy operating costs

* Equipment life extension

* Thermal comfort & IAQ

* Productivity & labor costs



Example of RCx Benefit
Correct Return Air Flow

* The original specifications required a minimum of 40%
outdoor air for SF-7 and 25% outdoor air for SF-6. The return
duct penetrations into the mixed air chamber are designed
for the above OSA %, and are therefore undersized at
present.

e “"Under-sized Return Duct”

* Portion of return is under-sized for present load, requiring
return-air spill and excessive amounts of Outside Air with

associated energy cost.

* Improved OA Control is a common RCx finding with large
energy savings



Example of RCx Benefit
Correct Return Air Flow

Savings from reduced OA result from less heating and
cooling of OA air, calculated as approx. $39,000 per year

Actual Airflow Design

Minimum Revised Reduction
Outside OQutside inOutside
Air% Air%  Airflow

40% 20% 12,200

Mechanical
Cooling
35,192

Economizer Airflow
49,436 61,000

Fan
SF-7 (Perimeter)

SF-6 (Core) 62,938 102,975 123,618 25% 20% 6,181

Summer
76°

Winter

Average NYC Temp 38°
Average NYC Season

Duration 27.5

Blended Annual Steam Cost $31.99/Mlb

Assumptions:

20 Weeks

Annual Heating Savings Annual Cooling Savings

(Ton/Hrs) Mlbs
5270 44.8 S 1,433.10

(MBtu) Mibs
739174 762 $24,377.49

22.7 S 726.05
$ 2,159.15

374488 386 $12,350.39 2670

$36,727.88

38,887.04

Annual Savings S



Example of RCx Benefit
Chilled Water Pumping

* Based on testing via review of pump curves, Table 3 Elagkicity Engilise Analhyes
CHWP-5 and CHWP-6 were found to have
flows above their design

:
* CHWP-519% over design and CW/CHW

220.00 14520 2,112 306,662.40

¢ CHWP-6 20 % over design.

: : o 33.00 2178 3,69 80,498.88
* Assuming the system was designed for a 15°F drop
across the absorber, the current flow rates would ing 41865  418.65 4,290 1,796,012.79
only allow a 12.5°F temperature drop, affecting
Latent cooling Capacity as well as resiiting in
increased pumping HP Miscellaneous  84.50 4166 5760 239,956.36
- S ek 20323200 |
* Based on Pump Affinity laws, FromBills  1598.0 13147 5,923,200 From Bills

° 0 : C ) .
3Vohi/céﬁlow reduction yields a 43% HP reduction, Based on the Energy Use Breakdown,

the building uses 306,662 kWh for

pumps. If we simplify, and assume the

« annual savings of 54,028 kWh (approx. $8,000) CW and CHW pumps are identical, then
each uses 153,331 kWh.

* resultsin a35% reduction in kWh



New Tools (software)

Public domain products that can help focus and
facilitate the RCx process

* LEAN Energy Analysis
* BASAT —Building Automation Assessment Tool
* Universal Translator

* Building Re-tuning Protocol

JCl has sponsored CUNY BPL in development and
application trials under the NSF Center for
Sustainably Integrated Buildings & Sites (SIBS)



New Tools — LEAN Energy Analysis

Inverse modeling based on monthly data

- Regression analysis of energy use against monthly average outdoor
temperatures, originally for M&V use. Statistical validation.
- ASHRAE Inverse Modeling Toolkit, from work by Dr. Kelly Kissock
- Pre-site visit view of energy-use pattern without knowledge of
building systems
3-4-5 Parameter
v , o Cha nge-Point Model
s0.000 Left slope shows heating
10,000 * Rightslope shows cooling
* Change-points show

balance temperatures
* Baseloads

30,000

20,000

10,000

Compare these across
0AT_iF) population to assess
T —— reduction opportunity




1500 Broadway: LEAN Energy
Analysis JCl implementation

« JCluse of LEAN, based on a population of  [EEa L s
buildings in their databases, to provide - . o

Recommendations

broadly quantified recommendations

* Front-end tool, before going to field for any
Investigation

Savings Breakdown

W
Note the separate Electric and Fuel plots

Benchmark Metrics

I Foor
- Gootng sensivay [
e
Good
Cooling Breakeven
I Eeciric
4
Johnson /})I 0 10 20 20 40 50 A 70 &0

Controls




New tools — LEAN Energy Analysis
How Can LEAN be used with RCx?

* |dentify relative savings 5-Parameter Model for Steam at 1500

areas — heating, cooling,
baseloads — and quantify
savings opportunity

e Use this to focus effort

* RCx is very detailed, can
be a chase "down a
rabbit hole” — so early

savings potential . _
quantification can guide RCx Investigation Guidance

effort * Steam cooling dominates —focus
* High baseload and low heating
change-point — simultaneous heating
& cooling? High ventilation

OAT_(F)




New tools — Building Automation
System Assessment Tool (BASAT)

* A programmed spreadsheet tool to assess available
BAS functions based on installed sensors

* Initial development funded by NYSERDA

TING

Y I HOT W

BASAT evaluates:
* AHU
* Cooling Plant
* Heating Plant
* Demand Response
* LEAN measures
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| A A
Secar bt d b b p Fery
]
Nk’ Rl _
| o P e po -
| ——
ks s Trepamy
b fad e WM
e
| Sr——— £ |
| —r—— B |
i < kipy b |
o
b 0 e
Rk b i i il
| e i e |
e
[Ty — |
b (s b
Rk 3l P
=T — B |
[P
FEAERS P ALTER AT I
e ]
[ —————————— N——
|
| oy ot e g Dt st |
| Py it s s P Pty |
| ———r—— |
. » wriw  Jors 0 =

= Vo AL o b i e e b, B “prrrnide sl
S
- L ol W S e bl
- - il i 11 iy T i
- - [rTT T ——— =
- =5 S0 AR P e Oy e o i
= m— e = _
s e i 1 bl ot i - W e A i b
bare do lerprdmr w
pek 2 T mn a1 ' m
! } { |
Sy e Tt B L 11 -
Frbgard B lrmpred e _l
i, 2 Terganrss P ¥ R
! 1 {
gl dem Bkl Huciodly wm Eh
e be Dargit Fraaa A i
Birbars i [Lirmgrs Pipidein o U
et 8 Darmpar Popmes o e
L 1 1 |
L s
i e P [y e L
L gy el {igbdonr da [orepo e ¥ % Ry
i B Garm wyt  Torw A0 irg Fari Bt




BASAT — 1500 Broadway

AHU Input Form

TEMPERATURES

COILS / VALVES

Mixed Air Temperature

Pre-Heat Entering Temperature

Supply Air Temperature

Pre-Heat Leaving Temperature

Supply Air Temperature Setpoint

Chilled Water Coil Valve Position

Exhaust Air Temperature

Chilled Water Coil Valve Position Setpoint

Return Air Temperature

Chilled Water Entering Temperature

Supply Air Relative Humidity
DAMPER POSITIONS

Chilled Water Leaving Temperature

Re-Heat Entering Temperature

Outside Air Damper Position

Re-Heat Leaving Temperature

Return Air Damper Position

Heating Coil Valve Position

Exhaust Air Damper Position

FANS

Heating Coil Valve Position Setpoint

Re-Heat Coil Valve Position

Supply Fan Speed

Supply Fan Current

Pre-Heat Coil Valve Position

FILTER

Supply Fan Status

Return Fan Speed

Return Fan Current

Return Fan Status

Duct Static Pressure

Duct Static Pressure Setpoint

Air Volume

Air Filter Pressure Differential

T Yes

Checklist of sensors and
actuators, completed in the field
by reading off the BAS screens




e following disgnas

s and opportunity checks are available based on your responses.

Building & BAS: po AHU CAPABILIT Available? |Additional data needed: Notes
— BUILDING
1500 Broa Determine the Outside Air Mo [Mixea Ar Temperature
1500 Broa
Comescialfoffice high-rise built in 1972
side air conditions are favorable for Economi -
Mo Air Temperature

e and retail space. 2 sub-

basement levels.

CONTT SYSTEM.

Broadway

| operation during Economizer mode ves
schfeid 1 lectric
Andeflir Contin
Pingint v1.94, i -
4 Detect deficiencies in Eco node operation Ng ea Alr Temperature
H l | l | I l | I Supply Air Setpoint can be established based on Outside Air and
A O P DATA POINTS AVAILABLE NOW: a Discharge-Air Setpoint reset schedule Yes .
'OUTDOOR CONDITIONS:
Outdoor Air Temperature uply Air Temperature Ve
(Outdoor Relative Humidity
ZONE . p .
Terminal Unit Damper Position Determine if sufficient/excessive outside air is being supplied . [
. . for ventilation
erminal Unit Reheat Valve Position

mperature L] n =
Zone Temperature Setpoint
Zone Occupancy Status Verify Outside-Air Damper op uring unc Yes

TEMPERATURES:
Supply Air Temperature fy stat trol "
Supply Air Temperature Setpoint R me—— -

Exhaust Alr Temperature

Return Air Temperature
1y 10 calculane/measure Outside Air

Determine if minimum Outside-Air Damper Pasition s r adding
reascnable Fraction to the BAS 1o see the true O

uilding Information et S eseere——

Supply Air Relative Hu
ide-air intake

st Al Dot 56 conditions are unfavorable

FILTER:
H/A Implement a night setback during ur Yes
AHU
AHUQEE e Air Temp plementation of nighttime setback funoccupied mode at the
s
zone leve

s/ VALVES
Chilled Water Coil Valve Position Setpoint| | Determing if supply fan cycling occurs frequittly during .

! Yes
Heating Coil Valve Position Setpoint unocoupied

Re-He: Ive Position

ist of data points available - .~ o

Supply Fan Status

Return Fan Speed Detect averlap of outside-air temperature locks |t setpaints for

Retumn Fan Status heating and cooling -
Duct Static Pressure
Duct Static Pressure Setpoint

ng ves

DATA POINTS TO ADD:

OUTDOOR CONDITIONS: N Ot e S
Outdoor Air Fraction

ist of points to add apabilities

Mixed Air Temperature

DAMPER POSITIONS:
N/A

FILTER:
Air Filter Pressure Differential

Additional points need

COILS / VALVES:
Pre-Heat Ent perature

for each ca Pa bil |ty

Temperature
Re-Heal Entering Temperature

Re-Heal Leaving Temperature

‘alve Position

FANS

Supply Fan Current

i Fan Current

Air Volume




BASAT — 1500 Broadway
AHU Results

BAS Capability:
Detect instances of simultaneous heating and cooling

Points Required:
e Chilled Water Coil Valve Position

 Re-Heat and/or Pre-Heat Coil Valve Position or
Terminal Re-heat

POSSIBLE AHU DETECTION CAPABILITIES Available? [Additional data needed for fault detection:

Detect instances of simultaneous heating and cooling




BASAT — 1500 Broadway
AHU Results

BAS Capability:
Evaluate Amount of Ventilation Air

Points Required:
Mixed Air Temp Outside Air Fraction

OR  (calculated as a virtual

Outdoor Air Temp _
point from MA, OA, RA)

Return Air Temp

POSSIBLE AHU DETECTION CAPABILITIES vailable?

Determine the Outside Air Fraction




BASAT — 1500 Broadway
Findings/Recommendations

Air Handler Unit

* Mixed Air Temperature should be added (necessary for 4
out of 17 capabilities identified by BASAT)

 Can run trend logs for most RCx investigations at AHU

Cooling Plant
* Chillers are under-instrumented by current standards

* Add ability to measure evaporator flow, return
temperature and chiller power to track Chiller efficiency.

* Add chilled water differential pressure — does system
track set-point and chiller plant efficiency —is pumping
optimized?



BASAT — RCx

How does it work with RCx?

* As front end to RCx — BASAT provides overview of BAS
status and capabilities for use in RCX investigation

* Streamline RCx — BASAT output provides list of available
points & trend capabilities — benefits functional and pre-
functional testing

* Consultants can utilize BASAT before they commit to a
more in-depth project evaluation

e BASAT can be combined with LEAN to be included within
a consultant or vendor’s typical “walk-through”
evaluation of BAS infrastructure



New Tools — Universal Translator

I I ;
W a t I S U niversal Translator 3 (3.0.1403.1816.beta2-32 bit): New project (2)
[
File

hart 0001

x Line C1
o e[ 5%

UT is a software tool for the management and
analysis of data from multiple loggers and trend
data from BAS.

« Provides mathematical tools for data
management of multiple sensors and data
collection devices on different pieces of UT User Interface
equipment

* Synchronizes varying time intervals between
data sets

 Example - Change between interval and
state-change readings



New Tools — Universal Translator

How did we use UT with RCx?

2 flows in a common system (total loop flow and
by-pass flow)

* Different sampling formats
* Needed to make data comparable.

Change-of-state raw sensor readings Date converted to 5-minute interval

A B C D E
Date/Time CHW bypass may sep 2013 fixed_Primary CHW Bypsass loop Flow

5/1/2013 0:05 492.83
512.8774

491.709

491.709

491.709

491.709

491.709

491.709

491.709

1 I amig IeTlne:Trend 2} |Primary CHW Bypsass loop Flow FT-03
5/1/2013 0:04

491.709
542.264
491.366
542.121
491.584
541.649
3 /1, : 490.954
14 5/1/2013 2:58 541.454
15 5/1/2013 491.317

491.709

/L 22 491.709
5/1/2013 1:00 431.709

EASY CONVERSIONTO FIVE MINUTE
INTERVAL, MATCHING OTHER FLOW
DATA

NOTE ERRATIC TIME
INTERVALS




New Tools — Building Re-Tuning

e —

-—

What is BRT?

* Protocol developed by TNy
Pacific Northwest National N\ .
Lab to use trend data from
BAS to monitor system
performance

Bad Operation: MAT closer to OAT when conditions
are not favorable for economizing

- FDD from data visualization
* Emphasis on air systems

* Training for building operators




New Tools - Building Re-Tuning

How can BRT be used with RCx?

* Help operators understand RCx process and findings
o (operator participation is required under LL87)

* Follow-up RCx with operator training
o “on-going CX"

HWLDP ==—=MaxHCV HWLDP ==——=MaxHCV

Bad Operation: Hot water loop DP roughly constant
at 10 psi when maximum HCV is less than 50% open = 1
s 1
= =3
(-]
ax heating-coi b
ifferential pressure valve signal o
>

8 | Good Operation: Hot water loop DPSP reset between |

6 | 2-2.5psiand max HCV is between 50-100%
Max heating-coil
valve position

ntial Pressure (psi)

op Differe

®
e
e
o
2
8
°
2
-8
=
=
€
°
s
L
a
o
°
°
-

Lo




Conclusion

1. RCxis an established practice for investigating and
tuning building systems, recognized by law in NYC

2. Canidentify important sources of benefit to owner

3. Practices will continue to evolve with new tools,
especially around the BAS, data acquisition and use

4. Building operating engineers can be effectively
engaged in the process, turning "RCx” into "On-going
CXII

5. Puts engineers into formal engagement with how their
systems operate



Q & AforCEU

What NYC Local Law requires retro-commissioning, for what buildings and on what
schedule?

What is investigated by the retro-commissioning process?

How are Building Automation Systemsinvolved in RCx?

What is LEAN Energy Analysis?

What is Building Re-Tuning (BRT)?



