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01 TYPES OF COMMISSIONING
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TYPES OF COMMISSIONING

New Building and Existing Building

New Building Commissioning (Cx)

= A quality-focused process for enhancing the delivery of a project.
= For new buildings.

= Focus on verifying and documenting that commissioned systems and assemblies are planned, designed, installed,
tested, operated and maintained = to meet the Owner’s Project Requirements (OPR).

Existing Building Commissioning (EBCx)

= A quality-focused process for attaining the Current Facility Requirements (CFR)

= For existing building and/or its systems and assemblies.

= Focus on planning, investigating, implementing, verifying and documenting that the facility and/or its systems and
assemblies are operated and maintained 2 to meet the Current Facility Requirements (CFR).




TYPES OF COMMISSIONING

Commissioning on Existing Buildings

ReCommissioning
(ReCx)

The decision to recommission may
be triggered by a change in building
use or ownership, the onset of
operational problems, or some
other needs.

Something Has Changed!

Retro Commissioning
(RCx)

Solve problems that occurred during
design or construction, or address
problems that have developed
throughout the building's life.

Something Seems Wrong!

Ongoing Commissioning
(OCx)

A continuation of the commissioning
process after the Hand-Off phase to
verify that a facility continues to meet
current and evolving Current Facility
Requirements (CFR). OCx Process
Activities occur throughout the life of
the facility.



I BUILDING LIFECYCLE AND Cx

Performance

1 Theoretical Optimal

RCx
Cx

Minor
Renovation

Operational
Changes

RCx ReCx RCx

Manually Driven Operations
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Operational
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TYPES OF COMMISSIONING

Monitoring Based Commissioning

Monitoring Based Commissioning (MBCx)

It is the integration of Permanent Energy Monitoring Systems,
Real-time Energy Analysis and Ongoing Commissioning. MBCx is
an ongoing performance analysis of an operational building that
provides real-time equipment performance information to the
building operators.
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COMMISSIONING AND LEED

LEED BD+C — Enhanced Commissioning

0 | 0| O Energy and Atmosphere 33

Y Prereq Fundamental Commissioning and Verification Required

Y Prereq Minimum Energy Performance Required

Y Prereq Building-Level Energy Metering Required

Y Prereq Fundamental Refrigerant Management Required
Credit Enhanced Commissioning 6
Credit Optimize Energy Performance 18
Credit Advanced Energy Metering 1
Credit Demand Response 2
Credit Renewable Energy Production 3
Credit Enhanced Refrigerant Management 1
Credit Green Power and Carbon Offsets 2

Enhanced Commissioning: To further support the design, construction, and eventual operation of a project
that meets the owner’s project requirements for energy, water, indoor environmental quality, and durability.



TYPES OF COMMISSIONING

Enhancing Commissioning Scoring

REQUIREMENT

Already satisfy the prerequisite
requirements:

1.

2.
3.
4

Fundamental Cx and verification
Minimum energy performance
Building-level energy metering
Fundamental refrigerant
management

OPTION (AND/OR) PATH & SCORING (OR)

Path 1: Enhanced Commissioning (3 points)

Option 1.

Enhanced systems commissioning Path 2: Enhanced Commissioning and MBCx
(4 points)

Options 2. 2 points

Envelope Commissioning



COMMISSIONING AND LEED

LEED O+M — Existing Building Commissioning

T 0 | 0 Energy and Atmosphere 38
Y Prereq Energy Efficiency Best Management Practices Required
Y Prereq Minimum Energy Performance Required
Y Prereq Building-Level Energy Metering Required
Y Prereq Fundamental Refrigerant Management Required

Credit Existing Building Commissioning— Analysis 2
Credit Existing Building Commissioning—Implementation 2
Credit Ongoing Commissioning 3
Credit Optimize Energy Performance 20
Credit Advanced Energy Metering 2
Credit Demand Response 3
777credit Renewable Energy and Carbon Offsets 5
Credit Enhanced Refrigerant Management 1




TYPES OF COMMISSIONING

O&M Existing Building EA — Existing Building Commissioning (EBCx)

EBOM - Existing / Ongoing Commissioning (7 Credits)

REQUIREMENT CREDITS PATH & SCORING

Options 1. EB commissioning (2)

Already satisfy the prerequisite EBCx - AI‘I&'YSiS

requirements: Options 2. Energy audit (2)

1. Energy efficiency best management
practices

2. Minimum energy performance

3. Building level-energy metering

4. Fundamental refrigerant
management

Meeting EBCx — Analysis requirements plus

EBCx - |mp|ementation implementation of no/low cost operational
improvements + 5 year plan (2)

EBCx - OngOing Meeting above and OCx (Plan and Process)
Commissioning (OCx) (3)
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THE PROCESS OF MBCx

Conventional Process
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THE PROCESS OF MBCx

Conventional Process

Data Collection Data Mapping Data Crunching Data Analyses

Site
Assessment

loT Devices

Other Data
Source

Logging, Measurement,

Datasets .
Benchmark, Analysis

Can be substituted by computers
Computers can do it 24/7, continuously with higher precision and
accuracy

Ad-hoc

*Q*‘-

1
1
|
Intel | Investigation
1
1
1
1
1

Insight Decision
Reason Rectification
Engineering Actions

Issue Identification Rectification of Issues

e Cannot be substituted by computers
* Need higher level of thinking, cannot be easily programmed




MONITORING BASED COMMISSIONING

Key Components and System Requirements

Permanent data monitoring 1. Data Acquisition
systems * BMS/EMS

 Digital sub-metering

Real-time analysis 2. Analytics Module
Performance analytics

Ongoing Fault Detection and Diagnostics (FDD)

commissioning
3. Workflow and Dashboard Module

Cx and Implementation



TECHNOLOGY ENABLERS

- . Digital devices that measures multiple parameter with time-
- O Smarts Devices S PEP
T ping capacity
¢ loT Devi d Also referred to as "connected device items embedded with
'_Lg o evices an electronics, software, sensors, actuators, and network
— connectivity which enable these objects to collect and
@ Platform exchange data, over common IP

Cloud-based An information technology (IT) paradigm, a model
) for enabling of configurable resources pools of
Computatlon configurable resources

> & - Massive and multiple data sets that allows cross
Blg Data -disciplinary analyses that enables more
— Ana|ytics comprehensive, faster and deeper discovery of

engineering, business and social issues



BIG DATA

Datasets from BMS, PMS,
POS, EMS, Wireless devices,
design parameters,

TECHNOLOGY

Continuous monitoring and data
analytics on properties’s big data to

reveal operational or performance
performance data, business

metrics...etc. MB CX Information

Ongoing Cx + RCx
to achieve substantial,
persistent, energy savings

issue or opportunities

Issue rectification and tune-up

Cx/RCx

improve operational efficiency



THE PROCESS OF MBCx

Data Driven Cx Process
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/
Continuous

loT Devices
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Source

Datasets  IT/loT Platform Cloud Analytics Engineering Actions
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Manually Driven Commissioning
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" Theoretical Optimal

ReCx

g MBCx Data & Technology Empowered Operations MBCx
© Persistency in performance empowered by :
E - Automated real-time analytics
qg Cx - Intelligence from big data
g_) - Technology and data supported automated process
Major
Renovation
Minor Operational Minor Operational
Renovation Changes - Renovation Changes
| ‘ 50 yrs
CONSTRUCTION OPERATION DECOMMISSIONING

I Data Driven Commissioning
Commissioning in Building Life-cycle



MBCx Outcome

Research Results

Survey on 130 large buildings showed that saving of 20% energy
use is possible

Enhanced comfort, health and safety with proper temperature
and humidity control with adequate ventilation

Reduce maintenance costs, problems are corrected first time.

MAXIMIZING

BUILDING ENERGY
EFFICIENCY AND
COMFORT

Continuous
Commissioning”
Guidebook

for
Federal Energy
Managers

Office of Energy Efficency
and Renewabie Energy

US. Depantment of Energy




MBCx Outcome

Research Results

I_ All Sites By CII_mata By Building Type
H H H H : . Sample MA* MBCx* A - non-Lab 1BCx - non-Lab MA - LabvBCx - Lab
Monitoring-Based Commissioning: e e e 2 MA-Le o
Number of projects 84 21 36 14 13 12
. . . Number of buildings 128 26 72 9 15 12
BenChmarklng AnaIySIS Of 24 UCICSU’.IOU PrOJGCtS Median building sige (square feet, sf) 154,000 121,214 197,953 117,607 139,361 106,592
Total Source Energy
Pre-cx (kBTU/sf, source) 323 335 231 189 543 534
Savings (kBTU/sf, source) 31 24 15 18 119 40
. Savings (%! 12% 11% 9% 10% 16% 12%
Evan Mills, Ph.D (o
Paul Mathew, Ph.D. Pre-cx (kWhisf-year) 23 21 16 14 29 35
Savings (kWh/sf-year) 1.7 1.6 1.2 0.9 15 1.7]
. Savings (%) 8% 7% 9% 8% 5% 6%)
Lawrence Berkeley National Laboratory Buildlrﬂq Peak Power
Berkeley, California Pre-CX 42 37 42 27 4.4
Savings 0.5 02 0.1 03 0.2
Savings 2% 4% 9% 8% 3%
|Building Fuel
Pre-cx (kBTU/sf, source) 89 153 89 50 195)
Savings (kBTU/sf, source) 7 12 3 2 20
Savings (%) 9% 7% 5% 5% 10%)
Central Thermal**
Pre-cx (kBTU/sf, source) 21 388
Savings (kBTU/sf, source) 56 142
|_Savings (%) 32% 24%
Central Hot Water
Report Prepared for: Pre-cx (kBTUJsf, source) 42 19 68|
i i icai Savings (kBTU/sf, source) 8 8 16|
_Callfornla Energy Commission Savings (%) 250% 6% 23%)|
Public Interest Energy Research (PIER) m.ggmm =
Technology Demonstration Program Pre-cx (kBTUJsf, source) 98 24 213
Savings (kBTU/sf, source) 32 2 41
Savings (%) 19% 12% 19%
Central Chilled Water
June 2009 Pre-cx (kBTU/sf, source) 45 27 95
Savings (kBTU/sf, source) 8 6 9
Savings (%) 19% 29% 16%
Economics
Project costs ($/sf) $ 029 § 100 $ 024 3§ 072 $ 031 $ 1.15
Cost savings ($/sf) $ 033 § 032 § 0.16 § 022 § 165 $ 0.46
SimEIe Eaﬂackiime gEars) 0.6 2.5 1.4 2.7 0.1 1.9




MBCx Outcome

Research Results
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MBCx Outcome

Research Results

HVAC (combined heating and cooling)
Cooling plant

Heating plant

Air handling & distribution

Terminal units

Lighting

Envelope

Plug loads

Facility-wide (e.g. controls, EMCS, or utility
related)

%

Frequency of Occurrence
% of sites with deficiency
10% 20% 30% A40% 50% 60%

By System

70%

DESIGN, INSTALLATION, REPAIR, REPLACEMENT
Design change

Installation modifications

Equipment or materials repair/replacement
(faultv sensors, missine insulation. etc.)

Other

OPERATIONS & CONTROL

Implement advanced reset

Start/Stop (environmentally determined)
Scheduling (occupancy determined)
Modify setpoint

Equipment staging

Modify sequence of operations

Loop tuning

Behavior modification/manual changes to
ooerations

Other

MAINTENANCE
Calibration

Mechanical fix

Heat transfer maintenance
Filtration maintenance

Other

Frequency of Occurrence
% of sites receiving measure

% 10% 20% 30%  40% 50%  60%

Jﬁ#ﬂ

|

i

By Nature

70%



04 THE BENEFITS OF MBCx




LIMITATIONS & BOTTLENECKS (Cx)

Performance Life Cycle

. it 3 Activi
Data Avallab|l|ty Usage, Occupancy and Activity
* Building Loading Intensity
»
Data Quality * Space Functions & Usage
s * Activity

Contextual Feedback s Previous Project (Commissioning? DLP?)
* Qualitative (it’s good, it doesn’t work...etc)

e . %« * Aim, hitand hope
. N

PIaning, Design,

e T Commissioning Operations Renovation




LIMITATIONS & BOTTLENECKS (Cx)

Performance Life Cycle

: it & C issionabilit
Data Availability TR
* One-off / instantaneous
* Lack of usage / real load
»
Data Quality . * Data could be misrepresentative
.

Contextual Feedback& «" Non-contextual Feedback pu
* Fine-tune to?
e - ®
B
® -

Planning, D(?5|gn, Commissioning Operations Renovation
Construction



LIMITATIONS & BOTTLENECKS (Cx)

Performance Life Cycle

* Insufficient data coverage

Data Availability - P
* Capture, communication and storage limitation:
* Dataintegration
»
Data Quality * Faulty / drifted sensors
s * Time series resolution

& *
Contextual Feedback » Normalisation & Benchmark
* Invisible issues limited by resource (human / computer)

, Planhing, Design, - .. . :
Y Construction Commissioning Renovation



LIMITATIONS & BOTTLENECKS (Cx)

Performance Life Cycle

* Usage, Occupancy and Activity

Data Availability
* Building Loading Intensity
»
Data Quality * Space Functions & Usage
s * Activity

Contextual Feedback * Previous project (Commissioning? DLP?)

* Qualitative (its good, it doesn’t work...etc)
e " # * Aim, hit and hope

Planhing, Design,

Construction Commiissioning Operations

-

Renovation
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LIMITATIONS & BOTTLENECKS (Cx)

Performance Life Cycle

= | ack of resource and
feedback

= System not fine-tune to real
usage (real usage often not

Sizing of equipment (built
cost implications)

Controllability and known) = |nvisible design, installation,
inflexibility control and issues
-
.o - ®
E
. -
Planning, Design g—_ A
&, Desien, Commissioning Operations
Construction

»

= Sizing of equipment (built
cost implications)

= Controllability and Inflexibility

Renovation
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THE BENEFITS OF MBCx

Heatmap of Prioritised Issues

] o | p Demo ogo p
' ) T
(2 | Jan-2014 | r/l View [ Bubble ] Rules [ Select | Info ]
All Rollup: count
Group AHU Cool and AHU Cool and AHU Cool AHU Cool-Heat AHU Fan Failure AHU Fan Short | AHU Group AHU Heat and AHU On and AHU Outside AHU Outside KW Exceeds Lights On and Temp Sensor
Econ Heat Failure Mode Cycling Cycling Cool and Heat Econ Fan Off Damper Stuck Damper Stuck Target Unoccupied Failure
Closed Open
Carytown 10 1 10 1q
. 10 1 . 10 L] 1d
31 sparks 1 1 1 4
Gaithersburg L 21 i1 53 3 26 1 23
. 1 @ a @ 31 53 3 @] 6 1 @ 23
159 sparks L 1 1 2 1 1 1 1
Headquarters 23
23 sparks o =
[] 4 e p Demo 0go p
s B
al Jan-2014 ) view [ Bubble | Rules | Select | Info |
All Rollup: dur
Group AHU Cool and AHU Cool and AHU Cool AHU Cool-Heat AHU Fan Failure AHU Fan Short  AHU Group AHU Heat and AHU On and AHU Outside AHU Qutside KW Exceeds Lights On and Temp Sensor
Econ Heat Failure Mode Cycling Cycling Cool and Heat Econ Fan Off Damper Stuck Damper Stuck Target Unoccupied Failure
Closed Open
Carytown PY 111.5hr 0.25hr ° B2.5hr 240hr
10 1 10 10
31 sparks 1 1 1 5
Gaithersburg 0.25hr 9.5hr 40hr 79hr 0.75hr 18.75hr Lhr 31.5hr
159 K . 1 . 21 . 31 ] 53 * 3 : 26 1 . Z3
sparks 1 1 1 2 1 1 1 1
Headquarters

158.5hr
23 sparks . =
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05 APPLICATION AND CASE STUDY OF MBCx




MBCx APPLICATION

Data Driven Cx Analytics Engine

— Identify Da;a

Get Data

Map Data

Data
Assurance

Establish
Real-time
link

Analytics
Category

Sequence of Operations
Issues

Design and Sizing lssues

Control / Setpaint Issues

Companent / Equipment
Failures.

Performance Issues
(unknown cause)

Equipment
Type

<

AHU

PAUs

Kitchen Exhaust Fans
VAVS

Ventilation Fans
Chiller / Heat Pump
Cooling Tower
Pumps

Boilers

[ i s i [ m i m u}

Sensors

Q

0 U D00 O Ooo o

oc o oo

o

Issue
Discovery

AHUin *Unoccupied Mode” snd chilled water valve s commandedta
an open state

AHU i "Unocoupsed Mode™ and hot water vale i commanded to an
open state

AHU supgly fan minimusm speed <5 Ha

AHU exhaust fan minimum speed <5 Hz

AHU supply fanis short cyeling ON and OFF within 2 short period of
time

AHU exhaust fan ks short cycling OM and OFF within a short period of
time

MU in " Occupled Made" snd fresh sir damper s not cammanded ta
fully open state during start up

AHUin *Occupied Mode" and exhaust sir damger Is nat commanded
tofully open state during startup

AHL i “Occupled Made™ and return air damper is commanded t
oen state during start up

AHU hot wates vabve is commanded ta an open state when supply air
temperature set point - supphy @i tem perature <0.5 Degree C

(0.5 Degres Cis desd band defined on SO0 and can be madified)

AHU hot wates vabve ks commanded ta an open state when supply air

manded to o
Supply air temperature - supply ai tempara
Degree

AHU cosling water valve s commanded ta n open state when
SUpply 3 tamperature set point - supgly ai temperature >0.5
Degree

AHU cosling water valve is cammanded open and hot water vaive s
commanded apen simultaneoushy

(These types of AHUS don't have any dehumidificatian mode]
AHU cooling water valve is commanded open and heating

----------------------e¢ Analytics Engine ®-------------------------

Cost
Assignment

Prioritisation

Team
Assignment

T T

-

Verification
& Reporting



MBCx APPLICATION

Different Level of Sophistication of Issues

PRIMARY

Equipment
Failure

“Threshold

SECONDARY

Control
Defects

Correlation

i ‘l,‘iﬂw | Iw‘I
’W M‘Mw mu fliv

W '"‘m..\';u 'J‘“ A u“.“lﬂq“\“[. LA
AL i

‘).\’y M

|

TERTIARY

Systematic M £ £
Issues o K £y

SY§tem Performaric

e .cy...clés e




CASE STUDY OF MBCx

— T mame o= Waterside Analytics Rules
e S S mm e = S S Chiller Plant Sequence of Operation (Control)
BN | : )

S —— Chiller Equipment Performance

System Performance

zallol ol Rl L] i01 ARLLI
77

[ ) il
- L. | | | |

<" |

ERTR W | I B N WA N I N

- ] - —

T )

e £2 L) 737

Airside Analytics Rules

Chiller Plant Sequence of Operation

- e ———————a o o | 0 e e Chiller Equipment Performance
Rl el el bl i sl it Bl sl B it L iibinilailsid o obii b Boa il ioid cndiniloc)

o e oo [ 11N N 1 N O B A
~ AN I AN (O O NC W11 O OO 0 AN A LA



CASE STUDY OF MBCx

Secondary Issue — VAV Sensor Out of Range (Equipment Failure)

= Swire OIE MBCx

e GL_ e [0 o (o) s (3o [ ] [ )

5:10:43pm HKST

VAV Sensor out of range True
s°C [ \ f pem..d A ‘Weather in Hong Kong, Hang Kong

Hong Kong, Hong Kong Temp  21.°C
Hang Kang, Hong Kang Humidity 68 %

o VAV Temp. sensor feedback = 0°C.
o Sensor is out of range.

. Recommended Action:
Check sensor — Replace/ repair

1,000 Lfs

S ersnrsnnrainn IRt AR R R AR ATAY L
UL T G U T g U = AR

1.0 0 @ VAV-3-67Z0ne Temp, Feedsack @ VAV-4-67Zone Temp. Setpoint




CASE STUDY OF MBCx

Secondary Issue — Airflow Across VAV When Damper is OFF (Equipment Failure)

Swire OIE MBCx

=B site Spark

T G _wmames [0 v (e ) e (e [ o) (e

[_al [ swire Properties | airside | vav | a/F | @ vav-a-21

VAV-4-21Damper Position Feedback - Arflow across VAV while Hv iﬂish-n.

Weather in Hong Kong, Hong Keng

a 2:22-42pm HKST

® VAV-4-?1Damper Position Feedback - Airflow across VAV while VAV Damper is shut True
Weather in Hong Kong, Hong Kong

Hong Kong. Hong Kong Temp 33°C
Hong Kong, Hong Kong Humidity 71 %

VAV-4-21Air How Feedback 205 L[s
VAV-4-Z1Min. Flow Setpoint &0 Lfs

VAV-S-s1amper FoSIBon Heeaback U 9

AR A_ AT T Emmclleede A A3 G

VAV-4-217one Temp. Selpoint 24 °C

o Rule Logic :
1) Airflow across VAV, when damper is shut 2)
Eliminate faulty airflow sensor, damper air leakage
: S— and stuck damper 3)Flow> 25L/s for period >3 hrs
o Airflow feedback # 0 L/s, there is airflow B o Recommended Action:

across VAV.

Inspect VAV Damper actuator; Replace/repair VAV
o Damper position damper is closed. damper




CASE STUDY OF MBCx

Secondary Issue — Hunting (Control Logic)

- SITES ALL EQUIPMENT ¥ 60 °F
eee) Gaithersburg (s ] 50 °F
Bl ElecMeter-Hvac 40 °F
I ElecMeter-Lighting 30 °F

I ElecMeter-Main Fan Short Cycling I

B ElecMeter—Plu:
9 AHU Outside Damper Stuck Open

B GasMeter-Hvac
AHU Cool/Heat Cycling

B GasMeter—Main

o @ Discharge Pressure

B Main Lights 2 inH.0

Il Parking Lights

_ e

I rRTU-2 0 inH,0

@ Discharge Temp @ Return Temp @ Zone Temp @ Zone Temp Sp

I waterMeter-Main 100 °F

| N |

60 °F

40 °F

@ Outside Damper

6 %

Hunting for heating

4 %

cooling

2%

N
S

0%

Gaithersburg Occupjed
Cool-1 | ]
Cool-2
Fan

Heat-1
Heatr-2

12a la 2a 3a 4a Sa Ga 7a




CASE STUDY OF MBCx

Secondary Issue — Cooling Tower Turned On Unnecessary — (Control Logic)

o = e spark L
G s [o) e [z [ 1] (G
L2k Points

Al Header
(Al O o — — — — — — —

CTis running when Chiller is Off

Issues- ‘Sparks’
o

[ R MR MR SR i mm s e s e

indication pane e

spoc @ COVRTems @ COVS Temp_@ CHWR Temp @ CHWS Temo @ CWR Temp @ CV/S Terp @ OT Temo
Westher in Hang Keng, Hang Kang

Hang Keng, Hong Keng Temp  21°C

e

@ CHR Flow

300 L)

CiWRAow 161/

oTRe W

TaSCTIN  36KM
Tetat Oniller bW 0w —

Tetat s COP 0.0

Totsl number o cts running 1
Teta nuetber o ehilles unning ©
@ Total Chiller @ Total CTHW

100k

o e e ) i

T

Chiller is OFF v———-—ﬂ;;—.,m——;'—————"—'—'"—;1

00

5@ Tl rumber of chllers ruming @ Tetal number of s rennng




CASE STUDY OF MBCx

Secondary Issue — Mismatched Pairing of Equipment (Control Logic)

o Number of running chiller
and cooling tower

o Number of running chiller
and cooling tower

-
1
1
st |
—
I
1

o The inconsistency suggests an opportunity to fine-
tune the sequence of operation

o Observed consistent cycling of CTs when staged
down

o Recommended Action:

.-%,.——.g—"———-.__s-T

|

o Review Control Sequence

—=F




CASE STUDY OF MBCx

Secondary Issue — Cooling Tower Fan Control Not Optimised (Control Logic)

B Site Spark

* L K
Targets | (=] Thu 13-Jul-2017 [ view | Timeline Rules [ Select | Info | [ aspects |
All | MGM Grand Macau | Water Side | Chiller Plant | Cooling_Towers cr2 Add Points

Condensing Water Leaving Temperature from Cooling Tower System>design (32 Degree C)

~
13-Jul-2017 Thu 8:44: 1LAM HKST
oo Fower-Wet-Bul-Appr e

8:44:11am HKST

Weather in Macau, CN

2% Cooling Tower Wet Bulb

Condensing Water Leaving Temperature from Cooling Tower System:design (32 Degree C) False

30 % Cooling Towes Wet Bulb Approach too high True ApproaCh Temp >5<C
2o y CIERIIERG i.e.31.1-C-25.1°C =6.0 °C

Macau, CN Temp 28.504 °C
26°C — I— I— S—

Macay, ON Humidity 76.003 %

Cooling Tower Fan at Full Speed

@ CT2.COW Flow
s

CT2.0DW Floa 102343 LJs H
woy — opportunity to reduce fan
CT2.0DWALT 31114 °C
woys speed
CT2.VSD Feedback 98.993 %
oys CT2VSD Control 98 %
100 s CT2 Auto Stabus True
@ CT2.COWLT CT2 Status True
34°C —
Macau, CNWB T 25.105 °C
32°C




CASE STUDY OF MBCx

Secondary Issue — VSD Failing to Set Back (Control Logic)

Cooling Tower Fans reset according to chilled water
return temperature (26°C)

Installed VSD of CT always running max, not fully
utilized.

Logic not reflecting the chiller heat rejection load,
and CT capacity. outdoor enthalpy

Potential of lowering fan speed to save energy if
reset logic is optimized
[ [ B B .

o Recommended Action:
1) Review control logic , approach (CDWTEC — WB)
2) Bypass VSD




CASE STUDY OF MBCx

Secondary Issue — CHW Flow Through Evaporator When Chiller is OFF (Control Logic]

& Swire OIE MBCx W s

=R Site Spark

ES e O s
[ Al | swire Properties | Waterside | Chiller | B1/F | @ Chiller 1 [z

@ Ampere - Current Average
0A

e o The Chiller is OFF while CHW flow across the
054 et o i chiller evaporator Chilled Water Supply Flow 146.369 L/s
Westher in Horg Kong, Hong Keng Condensing Water Fow  OLJs

004 Hong Kong, Hong Kong Temp  21.°C
Hong Kong, Hong Kong Humidity 71 %

@ Chiled Water Supply Flow @ Condens

coe o )

DOoP Ratio @ = ? . o e
100 Us Pomer Factor -1 /
ok Ampere - Current Average 0.0A S )

Chilled Water Supply Flow 146.369 L/
-100 Us Condensing Wates Flow 0L/

@ Power Input Power Input 0.0 kW

Evaporator Refrig. Pressure 404.1 kPa
Cond. Refiig. Presswe 3993 kPa
0.5 kW Ol Pressure okpa

e o Rule Logic:
" Cond. Water Inlet Temp. 18.2°C . . .
- e e - e 1) Chiller power is OFF and CHW flow is
. s @ o
] o >25L/s for more than 3 hrs
400 kPa . 145°C
i Sl e 2) No chiller sensor issue presents
Oil Sump Temperature 45 °F =
o b sl o Recommended Action:
— Cooling Load Efficency 0.0 kW/ton
Womesx o Inspect chiller power sensor and ensure
os ot PR ——— isolation valves are 100% when chiller OFF

Chiller Status False

0.0 tonref




CASE STUDY OF MBCx

Secondary Issue — Overcooling of Space (Control Logic)

£ Swire OIE MBCx W su

=R Site Spark

= Gl vemmms o) vew (o) i

o VAV feedback flow 43.25 L/s > Setpoint

P @ % % % _ .
o VAV feedback temperature < Setpoint

12:01:03pm HKST

VAV Temp FB < SP (not at min. flow rate) True
20Us / Weather in Hong Kong, Hong Kong
Hong Kong, Hong Kong Temp 35°C
Hong Kong, Hong Kong Humidity 64 %

o Benefits: monitor a large number of VAV
boxes

VAV-4-31Air Fow Feedback 43.25L/s

(@] Rule Logic N VAV-4-31Min. Flow Setpoint 40 L/s

1) VAV - Higher flow and lower
temperature than setpoints

VAV-4-31Damper Position Feedback 8.53 %

VAV-4-31Zone Temp. Selpoint 25 °C
VAV-4-31Zone Temp. Feedback 22.61 °C

2) Overcooling of space.

o Recommended Action:
AHU SP Reset

) o o om BT 20 D5, |, BRI Y e ol

: /
1
I
) 1
.
)
/
\
|
/
[
|
|



CASE STUDY OF MBCx

Tertiary Issue — Performance Issue

(=] o &

(an ] Chillers | O Chiller

Figh Condencer approsch (Highes then >2.5 Dagrees C) on the Chile side (GST Tarf)

W0 ye

ous
® Condensing water Supcly Temp (aC) @ Evsprator S3ration Refngerant Temp

@ Chlles Water Retum Tem (o€) @ Chiled Water Supply Temp (oC) @ i3 Water Suppiy Temperatura Sepoint. @ Compressor Discherge Refrgerse Temp @ Refrgerant Temp @ Co 2 Temp (o0

100°c

High Condenser approach (Higher than >2.5 Degrees C) on the Chiller side (GST Tariff) True

Westher in Hong Kong, Hong Kang

Bypass of condenser return e

2 Roof Foor Outdoor Humidity 72.1 %

Water due to Control/equipment / .‘ Chiiled Water Flowrate (L/s).Chiller No.081 195 L/s

Condensing Water Flowrst= (L/s) 192173

I SS U e Compressor Discharge Refrigarant Temp 57.1°C

T —— ——

Condenser Saturalion Refrigerant Temp 38.2°C
Condensing Watsr Supply Temp (aC) 334 °C
Chilled Walsr Refurn Temp (a€) 10.4°C

on

@ Condencer approach @ Delta T condencer @ Delta T evaporator @ Evaporater agproach

e
Chilled Waler Supply Temp (oC) 7a°C
oace - led Vister Supply Tempersture Setpoint 7 °C
N - Evaporator Saturstion Refrigerant Temp 62°C
ewe coF 0
o0 & Ll
Compressor Operating Hertz 56 Hz
o ] Dellz Tcondenser B AC
Dets T evaporator 3.1 A%C
100 i
= Evaporator spproach 0.8 A°C

@ Becricl Fouer e b
1,000 4 Condenser approach -3.1 A°C
- ) ~ . Conlenser Saturation Refrigerant Pressure 42 pai
Evaparator Saturstion Refrigerant Pressure -57 psi
okw £ .
Biectrical Pawer.Chilles 516.7 kW

AutofManunl Status True

ONJOFF Stalus True




CASE STUDY OF MBCx

Tertiary Issue — Evaporator Approach Temp. Too High (Performance Issue)

[ IE  Site Spark * L K
Targers (<] Thu 13-Juk2017 - View | Timelne | Rules [ Select | Info | [ Aspeats
All | MGM Grand Macau | Water Side | Chiller Plant | Chillers Chillerg | Add Points

Challer Condensing Water Leaving Temperature-Condensing Water Entenng Temporature - deal salue (3.0 Degres |

hargted Fefnac
4:05:05pm HKST

28°C
@ Chiller Condiensing Water Leaving Temperature-Condensing Water Entering Temperature < ideal value (4.5 Dagree C) Fallse
28 ¢ Chiller Evaporator Approach too high (Chilled Water Supply Termperature-Evaporator Saturated Refrigerant Temperature>1 Degree C) True

oc @ Chillerd CORefSatT @ Chillerd COWET @ Weather in Macau, CN

Macay, CN Temp 31123 °C
Macay, (N Humidity 69.945 %

Chillerd.CORefSatT  38.552 °C Eva porator Approach
Chiller9.COVWALT 37.aTA°C .
o CMecowEr 31987 Temp Too ngh

140 s @ e O Flow Chillerd.CHWST 7.721 %
T o CHWST — EvaSatRegT >1 oC

ey S o i.e.7.72°C-6.38 °C =1.36 °C
(IS G Fon 137SXL LS o Heat exchange -inefficient
Chiller9.CompPow 612.1 kW

136 s

200 1y @ Chler? CompPow Chiler9.COP 4.071

Chiller9.1GVPos 65 %

Chillerd Auto Stabus: True
Chiller.COW Flow Status Troe
Chiller.CHW Flow Stabuss True




CASE STUDY OF MBCx

Tertiary Issue — Main Header CHW Supply Temp. > Chiller CHW Supply Temp.

£ Swire OIE MBCx

5:39:32am HKST

=" R Site Spark

o The main header chilled water supply e —
temperature -> 9.2°C, difference e L G o e gt sty 350 o
[ LA | swire propeties [ Waterside [ chillr. | BY/E | © chiler 5 being 1.8 °C Westhe i Hong Kong. Hong Korg

Hong Kong, Hong Kong Temp 29 °C
Hong Kong, Hong Kong Humidity 85 %

Chiles DCOP fatio <05 . _ coe pre
< P U B Pomer Factor 0.831

DCOP Ratia  0.418

2 s = Ampere - Current Average 553.933 A

Condensing Water Flow  156.377L/5.

(Chilled Water Supply Flow 103.3821/s
@ Chilled Water Outlet Temp.

Power Input 309.425 kW

Cond. Refiig. Pressure 7179 kPa
Evaporator Refrig. Pressure 288.2 kPa
Ol Pressure 2407 kPa

. = Coling Load 430.562 toneef

seC Condenser Refiig. Temp. 321°c
Cond. Water Outiet Temp.  29.5°C

60 Cond. Water Inket Temp.  26.5°C
Chilled Water Inlet Temp.  10.5°C
Evaporator Refrig. Temp.  8.1.°C
= - B i ) — Chilled Water Outiet Temp. ~ 7°C

P —————

Condenser Approach 2.6°C

Ol Sump Temperature 52.2 °F

20°F Discharge Temperature 43.6 °F
10 Won @ EBIR Efficency 0.719 kW/ton

= Motor Current % s00%

== Pre-Rotation Vans Pasiion 8 %

0.5 ki/ton Voltage - VIL Average 388.288V

o Rule Logic T
e 1) Header temp is larger than individual e
. chiller CHW > 0.5 °C .
: o Recommended Action:
{2518 Ubcombie Lo il O 5 Teom 2) Isolation valves may be defected

1) Check control logic — optimise
3) Control logic could be optimized or

control be override

2) Check isolation valves — repair




CASE STUDY OF MBCx

Tertiary Issue — Overcooling of Space (Control or Equipment Issue)

= Swire OIE MBCx

Bl site Spark [

G smsmam [ »)
o AHU SAT 13.84 °C S RS oo i (576 whs ST < % ) T

< SAT Setpoint 16 °C . = Westher in Hong Kong, Hong Kong

Hong Kong. Hong Kong Temp 25°C
Hong Kong, Hong Kong Humidity 74 %

10:29:57am HKST

———
[

AHU-6-01Return Air Temp 23.56 °C
AHU-6-01CHW Leaving Temp 16.43 °C
AHU-6-01Supply Air Temp. Setpoint 16 °C

> AHU-6-01Supply Air Temp 13.84 °C
AHU-6-01CHW Entering Temp 6.94°C

o AHU Valve Control
=24.7% >5%

AHU-6p1Supply Air Temp. Setpoint

1 AHU-6-01CHW Valve Control 24.72 %

AHU-6-01Static Pressure #1 247 kPa
AHU-6-01Static Pressure #2 239 kPa
AHU-6-01Static Pressure #3 221 kPa

o Rule Logic :
1) CHW valve opened and

2) AHU SAT lower than the setpoint- overcooling
the space.

AHU-6-01Fan OnfOff Control True

——— -
\

o Recommended Action:
1) Check the setpointin BMS — Control logic

2) Check AHU temperature sensor — B
Replace/repair. / \

122 1 2 £ 42 52 6 72 sa % 108 112 12p 1 2 3» W sp [ 7 8 % 100 1p




CASE STUDY OF MBCx

Issue Statistics

Occurrence Rate
Issues Occurrence Issues Occurrence Occurrence Rate . .
Analytics Rule on Equipment with
(Number of Hours) (Number of Equipment) (%) Issue (%)
(]

CHW Flow through evaporator when chiller is Off 292 0.24% 0.55%

Main header chilled water supply temperature >
individual chiller chilled water supply temperature - 0.91% 0.91%

setpoint by 0.5 °C 94
Airflow across VAV when Damper is Off 1,292 7 0.29% 8.36%
VAV Sensor Out of Range 33,714 108 7.48% 14%
VAV Temp FB < 5P 5,065 129 1.12% 1.78%
(not at min. flow rate)
VAV Temp FB < 5P 40,918 164 9.09% 11.30%

(at min. flow rate)

AHU is over cooling

0, 0,
(CV>5% when SAT < SAT SP) 1,720 24 5.20% >-63%






ENALYTICS - DAILY REPORT SUMMARY FOR N SINOD energer?z

T —— D Spend Eleme MGM Cotai DLP Management Defects Summary Report =
Chiller Plant Summary
Actual Defects Trending

s258M

1207 aisasie

.
il :

D i ruteing a ol sgubd
H_B 4
=y Bi-Weekly Defects Break Down (Maj
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—— Equipment Careg Defocts Strs
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a | m
-~ . Towl | 255

L)

[vrwreryes
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Achievement

Confidential Facility of Sport (central chiller plant, since April 2016) - Paybacks less than 1 year, verified 6% of
chiller plant energy saving (approx. 0.5Mil HKD) and with further 2% saving in progress in Apr 2016- Mar 2017.

MGM Macau (whole site, since 2016) —=Verified 10.2% normalised whole site electricity savings (approx. 8.5Mil
MOP), of which is partly contributed by MBCx along with other energy saving projects in 2016.

Intercontinental Hong Kong (whole site, since 2015) — Verified 3.4% normalised whole site electricity savings, of
which is partly contributed by MBCx along with other energy saving projects in 2015-2016.

Awards

2017 — IFMA Asia Pacific Technology Excellence Award

2018 — Hong Kong ICT Award — Smart Business: Open Data/Big Data

2018 — MGM Won IFMA Asia Pacific Innovation Award for using Energenz Enalytics™ for MBCx
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Specify
1. Sufficient data collection points (sensors and meters)
2. Data transparency, availability and accessibility
DESIG N E RS 3. Dedicated database to access and store inter-system data (BMS,
PMS...etc)
4. Analytics to assist MBCx

-
%
Check
1. Sufficient data €ollection points (sensors and meters)
2. Data transparency, availability and accessibility
Modify
0 PE RATO RS 1. Data and communication protocol of proprietary system
Install
1. Dedicated database to access and store inter-system data (BMS,
PMS...,etc)

2. Analytics to assist MBCx



B:\ Data

Correilation usation

Is wine]good fo h?




Value to Business

VALUE OF DATA

From No Data to Big Da
No Data

Intuition

ta

Small Data

Relation

THE CHEMISTRY OF WINE

o P oagine oTHER
WL . s CONPLUIDS
ATHOCTARNS TS

Good Stuff

Resveratrol
Antioxidants
Melatonin

Carbohydrate

Sugars

Fat
10.0g

Alcohol

10.6g

Energy 85 kCal/ 100g

Table 5 - Types of alcoholic beverages consumed and their relati

Big Data

Causation

Demographic Wine
(%) (D) gBvalue*
Gender Male 19% 1 0.000
Female 4%
Age 18 - 24 years 25% 0094
25- 34 years 21%
35- 44 years 27%
45- 59 years 8% 25%
60 years or 4% 45%
Marital status  Single 23%  21%  0.169
d/Concubine 2%  16%
3% 66%
Divorced/Separated 2% 43%
Up to the 5""grade, 23% 23% 0057
elementary school
6'"-9""grade. 24% 23%
elementary school
High school 24%  20%
College 4% 38%
Family Up to R$450.00 2% 21% 0253
sons R$451.00to R$750.00  23%  25%
R$751.00 to R$1200.00  30%  32%
R$1201.0010R$2500.00 24% 2.7%
More than R$2500.00  20%  35%
Does notknow/refuses ~ 22%  4.6%
to answer
Region Northern 26% 7.8% 0004 (cd)
Center-Westen 24% 38%
Northeastern 18% 19%
Southeastern 21%  18%
Southem 29% 35%
Area Countryside 24% 16% 0245
Capital/Metropolitan 21%  19%
region
Rural Urban 2% 13% 0013
Rural 18%  29%
Total 26%  1.3%

Slze ot Data

[
»



VALUE OF DATA

From Data to Intelligence

M INFORMATION
What does it mean?
D DATA

What is it?




Should You Want to know more.....

Monitoring Based Commissioning (MBCx) Case Study and Sharing,
Gary Hui (Energenz) Peter Chan (MGM)
The 7t Greater Pearl River Delta Conference on Building Operations and Maintenance §

e o “1 <

‘&Monltormg Based Commissioning: Benchmarking Analysis of 24 Projects
Lawrence Berkeley National Laboratery (LBNL)
California Energy Commissioning Public Interest Energy Reséarch (PIER)

+ Contact M?

-


http://www.bsomes.org.hk/upload_pdf/GPRD2016_S2-3.pdf
https://uc-ciee.org/images/downloadable_content/buildings/mbcx_lbnl_bnchmrk.pdf
mailto:Gary.hui@energenz.com

