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* What are smart HVAC machines in the U.S.?

* Chiller Fault and Fault-free Data

* BMS Market in the world

* Analytic Tool (Fault Alarm) Market in Thailand
* Analysis Problem Examples
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* Smart chiller and CPMS Examples
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SECTION 1

What are smart HVAC machines in the U.S.?



Lab Demonstration — UNL Nebraska

=% RAT

Over 2000 field testing of data platform in USA, they
were established to deploy AFDD research and to
analyze RTUs oversizing

This data platform includes the data of HVAC systems
and climates information from big-box retail stores,
building supermarkets, office buildings and other
relating fields.
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Smart Retail and Supermarkets (algorithm)

Low-cost measurements, Design, operation & maintenance
operation status & available literature, & rating/testing data
building info.

Implementable experience,
nowledge, technologies, & tool

Limited Raw Data & Vast Shared
Information

Quality Data & Organized
Information
Well-Expanded Data &
Information

Diagnostics, Optimization & Soft-
Repair Decisions




- Automated fault detection and diagnostics (AFDD)

Measurement [

| Packaged HVAC equipment I
No fault _
Fault Detection
q Process Recovery

1 10 1 L I e e T e e p—
i >

Decision and Yes
Fault Diagnosis
. Fault identification Na .
. Fault isolation Malntenarllce
or repair

action
Fault Evaluation >

Tolerate?

Safety
« Availability
.| © Cost econfigure Ye’Ll Reconfigure |_. 0
- Energy Controls? the controls e

. Comfort
. Environmenta
I impact

e

Alarm/Shut
down

Continue to
operate?




Smart Retail and Supermarkets (algorithm)

A cloud based data exchange carrier was used to store data for all of the building systems. To 1. Blg data Platform of machines

compensate for missing sensors and the inability to take on site measurements, five virtual
sensors were created. Then, the appropriate algorithms were deployed and an independent
contractor tested the results to ensure accuracy in the fulf rollout to 252 locations. |The data
exchange carrier collects a total of 555,200 data points continuously from 16,450 machines
encompassing multiple systems and external data sources. The fault diagnostics identified

2 Low cost virtual sensors or monitoring

| 27,754 issues for an annual calculated savings of $3,790,096. |

3. Automated machine diagnostic

The California Energy Public Interest Energy Research sponsored Plug-n-Play Diagnostics and

Optimization for Smart Buildings project goals have been to develop and demonstrate that low-

cost and quickly deployable multi-system diagnostic technology can more effectively scale the .
benefits of commissioning, and fault detection and diagnostics. This project will facilitate faster 4 De p lOy an d SO l-Vln g
adoption of the technology, facilitating financial and carbon reduction savings from large

opportunity commercial buildings.

aluate near-zero-cost, 5. Evaluate cost savings (investment 150,000 USD, get
non-invasive, plug-n-play diagnostics and optimization technologiesfthat could be adopted by . .
(o) (0)
both existing and new buildings immediately. The objectives were to: SaVlngS 38 M US D, (5 A) - 1 5 A) SaVlngS by ave rage))
! e ."’"”" ' = ’ i ,: & E Al == i Siow City
L & ,'—7 j Y >z o
i i.l-i
, . lowa g
Des Meines lowa
NEBRASKA _ " Target
> -’ smb)c'lrlrhrnog?more
il = U
Siandby oo (] ()
goods, clothing & more Target
Standby for home
United States ™
Kansas City
i Columbia
Lawrence °
o ‘ KANSAS
I SRR &-). #/)0/ 18)2%1" 1-3/48-) 9 MESQURI

Wichita




The specific issues inspected for both HVAC and refrigeration are as follows:

HVAC

Qutdoor air damper modulation
Economizer enable/disable settings
Energy recovery wheel effectiveness
Supply fan operation

Cooling coil heat transfer and charge
Cooling coil valve operation

Store humidity

Sensor operation

QOccupied cooling setpoints
Unoccupied cooling setpoints
Occupied times

Unoccupied times

Refrigeration

* Defrost cycle count

* Defrost cycle duration
* (Case temperature

* Anti-sweat heaters

* Condenser pressure

* Evaporator pressure

* Sensor operation

HVAC systems (Rooftop units and
dehumidification untit)

Data of refrigeration from the remote system

Deployment examples - faulty sensors and operations

- #
® X 3 25 =5 < | = s<»
s K % S g = 2= 2 | §E&3
E = c o 3 g = = ool
= o = g T o o= o T2=za5
% = &% | =% |g|&3%%
P
Store Hours HVAC 9 n/a 9 BMS Analysis X\ 100%
HVAG HVAC |462 | $10.430 | 462 | BMS Analyais | 462 100%
Schedules 5
ggt‘;"{:‘lﬁ‘: Healing | \ac |680| $6970 680_ r_jB?hé Analysis | 680 100%
Economizer A
Damper \':'Q“O\
Excessive Rate HVAC | 336 h\‘rﬂﬂ 336 | BMS Analysis | 336 100%
of Change/ cj_\"
Hunting/Cycling " o
No NP On-site
Communication }j-"f.m 24 n/a 10 \alidation }\0\\\ 100%
Improper Cooling«f§ P> M
Staging: Mul@@gﬁ O\@.‘N\B
Stages Starting | A 1377 | i 376 | BMS hnalysis | 376 100%
Simultaneously @% y
and Short Delay < P
Between Stages TV
Setpoint Not Met Q\QJ\—"
- ZAT - Over L(C-
Cooling - HVAC 3&%.%3.006 35 BMS Analysis | 35 100%
Occupied/Unocc A
upied < NP
ZAT Drift: w0
Cooling Not P
Activated - CO" HVAC 17 n/a 16 BMS Analysis | 16 100%
Occupied/Unocc
upied
ZAT Drift:
Heating Mot HVAC 17 n/a 17 BMS Analysis | 17 100%
Activated -
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Deployment examples - fault diagnostic categories

Table 20: Fault Detection Categories by Machine Type

. . Fault Detection Machine Cat Machine T Fault Detection Machina Category Machine Type Fauncglﬂl:;?rlig:
Machine Category Machine Type C .;\1_ achine L-ategory achine Type Categories
é\t?g 3 Terminal Unit Cooling \?Eri[‘m llier
= i -
’E'-H\r Air flow Damper or Air flow Power Meter Power Meter _L]‘C"“-\[ Energy
<O Controller Fan \ \h_;;ﬁ Loading
= - - ') Sensor
N R » Cuouoling Heating ‘f:_.-\-;..
T~ —— Sch¥duling Refrigeration ALY Controller
«‘2-\?’ Dehumidification = Sensor 2O Cooling
) — L L LY
HVAC .,@Q\ Economizing - Setpoint \1.‘-_(—" Defrost
- e ) iy - "
. } . o B Air flow . Dehumidification
A{.\tﬁaﬂ ling Unit Fan R — _,.is;-j?*\ Refrigeration
-G, Heating \\QL_"\ ontroller ey Fan
_{‘:} h_ : : g . Cooling . '.».\E‘-H: g Heating
Q’L Outside Air Damper .,,ﬁﬂé top Unit Dehumidification sy ‘e
A - e — o nsor
< W\ Scheduling T Economizing Setpoint
A e B Fan
Vel AT Confroll
> > Ser}sor 5N B Heating Weather Weather Station ontroffer
Sefpsint " Outside Air D Senser
- - i r Dampar Source: Exenics
QM\Pé‘cntmller Scheduling
QO\ Cooling Sensor
: Setpoint
& -
c h?:"" Damper or Air flow Contraller
gnstantl\."nlum <P Heating Cooling
Air Terminal Q Damper or Air flow
‘.{*‘E‘O Scheduling Variable Volume Air -
Terminal Unit Heating
A\ Sensor -
o Schgdwling
@el Setpaint AP Sensor
. \. —11\-\. N
QL i Controller __ _ < gk Setpoint
Kol - HWAC/Refrigeration o Contraller
« i?s\" Cooling % Dehumidification
C’Oh" Fan Global 3 Hihe Economizing
Fan Coil Unit Heating s Schaduling
- Ly Sensor
Scheduling l:_‘.;{,fi Contactor/Relay
Sensor < o Controller
Selpcint Itrq_fﬂing Lighting Machines Manual Switch Owverrides \
- Schadulin 1 SRR &-). #/)0/ 18)2%1'1-3/48-)
- a
Fan Powered Air Controller
Sensor 3
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SECTION 2

Chiller Fault and Fault-free Data - Lab Development (Purdue
University Indiana & UNL Nebraska )

12



ASHRAE standard 147

Flow

Inlet Pressure

Flow

Inlet Pressure

Chilled Water (or other  Inlet Temperature Condenser  Inlet Temperature
secondary coolant) Water
Qutlet Pressure Outlet Pressure
Qutlet Temperature Outlet Temperature
Refrigerant Pressure Refrigerant Pressure
Evaporator Condenser
Refrigerant Temp. Refrigerant Temp.
Level Level
oil Pressura Compressor Discharge Temp.
Temperature Refrigerant  Compressor Suction Temp.
Addition of Addition of (in Refrigerant Log)
Vibration Levels PPM Refrigerant Monitor Level
Exhaust Time Date and Time Data
Purge . Logs R .
Discharge Count Signature of Reviewer
Dry Bulb Amperes Per Phase
Ambient Temperatures Motor
Wet Bulb Volts Per Phase

13



Valves
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hypas*«:

Flow Meters

.

=]
Condenser Water to
Evapﬂrator Water HX <

Cundenser Water
to City Water I-D(

90 ton

Pumps Centrifugal Chiller

Evaporator

/‘T«"\

Condenser

"\
_/

~
=

" Chilled Water to
Hot Water HX

L o

Chiller Fault and Fault-free Data - Lab

| RS-485
RS-232 to RS-485 5 5
Converter = bk
JCI AHU Controllers
l \ RS-232
Q
. .
(u "")'n:::;)r Lll:"l ;';71 @
[ r o 7 o a— vl ]

PC running VisSim

Centrifugal Chiller with MicroTech Controller
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Manufacturers’ Data

Table 1. Chiller manufacturers’ rating output example. PART LOAD PERFORMANCE:
FWC FEW Poni  Pop Pet CAP Pet InpPwr | EEFT | ELFT | CEFT | CLFT Sys Perf
Percent T4 (C T, (C (LS (LS (Kpa  (Kpa T,(C T,¢C | Load | (R | Power | (W) | (B | 9 | (B | (® | (wmm
load F F f cfm)) Wa(kW) (psi))  (psi) (F F
o ) (7)) cm) ©m) PoCW ) @) (7)) () 00 | 200 | 000 | 26 | % | 60 | @n | 527 | 06
100 300 70 1043 916 3110 8210 2680 46 06
(86.0)  (44.6) (1655.6) (1454.0) (1190) (389) (83) (L1) 00 0 [ 80 168 e I I il
90 21.7 1.0 104.3 91.6 2533 748.1 269.0 4.2 0.6 80.0 | 2800 19.9 163 5299 | 4500 | 8600 | 9334 0.582
(81.9)  (44.6) (16556) (1454.0) (1085) (390) (7.6) (L1)
80 253 70 143 916 2119 6783 2699 38 06 00 |0 | 62 143 o089 | &0 | &0 | 94 0.384
(775)  (446) (16556) (14540) (984) (390)  (68) (L) 00 | 200 | 54 | 12 | 5099 | 4500 | ss00 | 95 | 050
70 B0 70 1043 916 1813 6154 2709 34 06
(734)  (44.6) (1655.6) (1454.0) (89.2)  (39.3)  (6.1) (L1) 0.0 | 180 | 803 109 4999 | 4500 | 8400 | 8362 0,623
60 207 70 1043 916 1568 5567 2718 30 06
(693)  (44.6) (1655.6) (1454.0) 80.7) (394) (54) (L) D0 10 | w0 » B9 | O | 00 | 8T ik
50 18.3 7.0 104.3 91.6 135.8 500.1 272.8 2.6 0.6 300 | 105.0 3.0 82 4800 | 4500 | 8400 | 48685 0.781
(649)  (44.6) (16556) (1454.0) (396) 47 (L1)
4 183649) 70 1043 916 1219 4894 2738 22 06 00 [ 700 | 818 69 4100 | 4500 | 8400 | 87 0.986
(44.6)  (1655.6) (1454.0) (7L.0) (397 (40 (L1) 51 | B0 | 22 63 4651 | 4500 | 8400 | 8554 1,189
30 183 70 1043 916 1062 4787 2747 11 06
(64.9)  (44.6) (1655.6) (1454.0) (694) (398) (3.1) (L1
20 183 70 1043 916 864 4679 2757 12 06 Thai Datab
(649)  (446) (1655.6) (1454.0) 678)  (400) (22) (L) at Database
10 183 70 1043 916 577 4568 2767 06 06
(649)  (44.6) (1655.6) (1454) (662) (40.1) (L1) (L)

FWC: Condenser water flow rate; FWE: evaporator water flow rate.

USA Database



Typical fault development

fcond 4 COMMON CHILLER FAULTS
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SECTION 3

BMS Market in the world



4
Global Market Insights ENERGY MANAGEMENT SYSTEM (EMS) MARKET

>$12BN 5016 2017 2019 2020 2021 2022 2023

CAGR (2016-24)[>13% |

2

Qatar regional

U K regional share (2015): >20% &—% share (2015): >5%

®

U.S. industry CAGR : | China market share

(2016-24): >11% ® by 2024: >$2 BN
Germany regional

share (2015): >25%

[1] Global Market Insights, Inc.
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- BMS evolution

Evolution of Building Management

SIEMENS

Building Performance and Energ+ Efficiency are today's challenges

RS485 control -
software

Building
Automation

7

Bullding
Control

Buthaing Automanton,
HVAC Contral DDC
Functonal Buwicang Manage-

Controliers

1990

ment Sy stems

1980

2000

IP controller -

software as a service

Building
Performance

<

Energy Managemeant
Green Busangs
Intelgont Bulidings, TBS
Mtegraed Buddng

Remote Duldng
| :m I

2010

Smart
Builldings

P

iIT Convergence
Smuart Conaumpson

Buldings to the Gaa
Micro generaton

Net Zeero Energy
Bulchnga

Enhanced buoldng
M anagement
Sman Ctes

2020

Green building - since 2015 in Thailand

Global Market Insights, Inc.
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CPMS, BAS, EMS and BEMS (Thailand)

QOutlets

Chiller plant ny Energy Management System

é ’ (EMS) or Energy information

manager (CPM) RS system (EIS)
Chiller | Pumps | wacnine (P55 . Managing energy data, display,
Coolingtower T benchmarking and predicting

®

Network loT sensors
Thermal & Zone parameters

Building Automation
une  System (BAS)
msmmwAHU | VAV | Air-side
- systems etc.

i ....;...:.‘ T' RH and useAulnh 220 Tonit

¥ o C0; Receiver and logger
g Sensors

S
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astdane BAS Tusingdszine

Pune DOLR

e Technologies
Return on investment of building energy management
system: A review = Schedule control of central plant system
For commercial buildings, technology progress vields pavback periods of .
BEMS decreased from 5.4 yrs to 0.7 yr (P = 0.002 < 0.05) = Optimal control for thermal comfort anu
.- ) . £ : JNnsgIuIAs (temperature, pressure and
g flow rate)
2: 10 -
2
= Q .
2 g;% = Variable speed control (VSD)
- -F € P R
= of N = Occupant-based control myuaunsitaila
1970 1980 1990 2000 2010 2020 Vl‘l/\l‘i/l\l'l
Year
FIGURE 2 Payback periods of building energy management o o
system (BEMS) for commercial buildings " ﬂ"\'ﬂ‘ﬂ"iz‘u*un'l'iaﬁwasi\‘l'luﬂ')UﬂN’i&"lJ‘Ull,EN
For compound buildings, technology progress vields payback periods of a'j"‘\j

BEMS decreased from 3.74 vyrs to 1.8 vrs. (P = 0.041 < 0.05)

[2] CC Cheng, D. Lee. Return on investment of building energy management system: A review. International
Journal of Energy Research 42 (2018); 4034-4053.



B CPMS, BAS, EMS and BEMS (Thailand)

BMS dsznoaumiy 4 levels ana World market (function-based)

1. Monitoring 2. Schedule control (operator selects set-points) 3. Automated Diagnostic
(predictive maintenance) 4. Optimization control (automated set-point)

BMS - Thai market (machine-based)

1. Chiller plant manager system (CPMS) — e.qg. Trane wan package — chiller schedule control
(plant kW/ton (efficiency) guarantee using magnetic bearing chiller)

2. Building automation system (BAS) — AHU schedule control or air-conditioning control

3. Building management control system (BMS) — AHU including: lighting control, Security
control
4. Energy management system (EMS) — online power meter software (energy monitoring)

5. Building energy management system (BEMS) — AHU schedule control and energy

monitoring
22



“Traditional BAS are
not designed to
explicitly optimize
building operations
and minimize

enerqy
consumption”

Source: Pacific Northwest
National Laboratory

BAS function for HVAC control

Using BAS Data to Identify Savings Opportunities Using BAS Data to Identify Savings Opportunities

* Example #1: Scheduling
— Equipment should be operating only when necessary

Supply Fan Status (0=OFF,1=0N)

No weekend set back schedule for supply fan of air-handling unit
Two weeks of supply fan status data is plotted

Source: Packik Northwest Natianal Laboratary

* Example #2: Economizer
— Ensure proper operation

-
—
B e St Dacharge
- N N\
:
]
e e
| @
2 N30 V130 3307 N30 N3N0 wmn7 347
TI2ZPM 1200AM 14EAM ¥ AM TMPM T2FM 1200AM 48 AM
Time

Faulty economizer operation, outside air damper stuck fully closed
One day of temperature data is plotted: OAT, RAT, MAT, and DAT of air-handling unit

Source: Facic Northwest National Laborato v

Energy Exchange: Federal Sustainability for the Next Decade

Energy Exchange: Federal Sustainability for the Next Decade

Using BAS Data to Identify Savings Opportunities Analytics Tools to Supplement BAS

* Example #3 — Optimization
— Prevent simultaneous heating and cooling

@ — WY e CHWY
- Bofore Building Re-tuning /eaung coil valve signal
100 .
g0
g
é 60
3
S
20 Cooling coil valve signal
0
1

025 10/26 10/27
TIME

Cooling coil valve of air-handling units don’t lockout during winter season
Two days of cooling coil valve and heating coil valve signal data is plotted

Source: Pacfic Northwest National Laboratory

Energy Exchange: Federal Sustainability for the Next Decode

Source: Pacific Northwest National Laboratory

« Traditional BAS are not designed to explicitly
optimize building operations and minimize
energy consumption

— Limited trending (points and time period)

— Alarms don’t typically allow for sophisticated logic

— Typically monitor system operation data

* Third-party EMIS tools are good supplements
to BAS to manage building energy use

Energy Exchange: fFederal Sustoinability for the Next Decode

23




Analytics Tools to Supplement BAS

EMIS (Energy management information system) vs. BAS

Energy Management and Information System

I- Traditional BAS are not designedto explicitly

optimize building operations and minimize
energy consumption

— Limited trending (points and time period)

— Alarms don’t typically allow for sophisticated logic

— Typically monitor system operation data

I *_Third-party EMIS toolslare good supplements

to BAS to manage building energy use

Energy Exchange: Federal Sustoinability for the Next Decode

Cooling coil valve position
Return air temperature

Supply air temperature
Outdoor temperature Sadvese

Toa (°C)

Toor T, (°C)
Sec (%)

18 —

(EMIS)

« EMIS - a family of tools to monitor, analyze, and control
building energy use and system performance

Meter Level EMIS System Level EMIS

1
Benchmarking and Monthly
Utility Bill Analysis

Building Automation System

A

—1 Fault Detection and Diagnostics

Energy Information System

A

—— Automated System Optimization
Adwvanced EIS

*The lines can be blurry, and specific technologies may cross categories,
e.g., Modern building automation system platform with FDD capabilities

Energy Exchonge: Federal Sustaimability for the NMext Decode

EMIS tool performance and functions
O Automated fault detection and diagnostics

O Automated system optimization control
(automated set-point selection) 24




EMIS (Energy management information system) vs. BMS

Y B
- : Chiller faults
MBCx Findings
v v N F1 :Reduced evaporator water flow
HVAC Systems Faults HVAC Plant Faults
* Over-enabling/unoccupied run-time * Equipment rapid cycling 1 F2: Reduced condenser water flow
» Deficient pressure/fan speed reset * Sub-optimal equipment ]
* Sub-optimal SAT reset sequencing | F3: Low T syndrc-me
* Over or under-ventilation * Lack of or deficient SWT reset
 Simultaneous heating and cooling « Lack of pressure/pump speed reset F4: Condenser fouling (CF)
* Faulty, disconnected zone sensors * Pump over-enabling ’
* Spaces under-heated or cooled F5: Non-condensable 0as (NC)
< PAN J :
= — : F6: Refrigerant undercharge based CQ7
' Lighting Faults > Complex systems give rise |
q | = Excessive unoccupied use to more points of failure F7: Refricerant overcharge based CQ7
d | = Unresponsive occupancy sensor > Occupant comfort may be
#| switching maintained while faults F8: Compressor valve leakage
* Faulty photocells . . 9
persist, wasting $$$
- 4
F9: Surging
EMIS - Moni . b d F10: improper pump control
— Monitoring base
fccinn: F11: Outliers from start-up chiller
commisstoning (MBCx) P

F12: Faulty CPM sensor

F13: Insufficient load

F14: Air-side short circuit




EMIS - System Monitoring, Diagnostic and Control

MBCx phase 1 — Data configuration with o MBCx phase 2 — AFDD design and

Power Meter Sensor

CPM data interface = "\ Implementation

w

Co/Co2 Sensor

e Smart Fault Detect

TI E— M IS Temp/Humi Sensor

(data log box) E '0‘\

- .
FIIITTIE
BT

au n}
Faulty Interacti
" ir-side o
Temp/Humi Sensor utliers: Insu Chiller Loa
; =
) 8 uo\i Faulty GPM Sensor or Operations

Reduced Evaporator Water Flow
Reduced Condenser Water Flow
Low Delta T Syndrome
Refrigerant Undercharge
Refrigerant Overcharge

MBCx phase 3 — Automated Repair by smart

Internet
Engineering Control Room

sk | Database & Server controller

I CPMS Workstation R e

| Ethernet
— < NetworkSW | i




EMIS Tool — Monitoring based Commissioning

Energy Management and Information System 1 e |
(EMIS) MBCx Findings

= EMIS - a family of tools to monitor, analyze, and control © HVAC Systems Faults (O HVAC Plant Faults R

building energy use and system performance » Over-enabling/unoccupied run-time | |« Equipment rapid cycling
* Deficient pressure/fan speed reset * Sub-optimal equipment E
* Sub-optimal SAT reset sequencing
Meter Level EMIS System Level EMIS * Over or under-ventilation * Lack of or deficient SWT reset
. * Simultaneous heating and cooling * Lack of pressure/pump speed reset
Benchmarking and Month Iy | Bl Ritwaikion Suatei * Faulty, disconnected zone sensors * Pump over-enabling |
LMy B Anigets - | * Spaces under-heated or cooled
Enerwy Infanmatian Syskes Fault Detection and Diagnostics I \ / \ /
§ N n
# 2 Automated System Optimization § nghtlng Faults > Complex systems give rise
Adwvanced EI 3
' | * Excessive unoccupied use to more points of failure
* Unresponsive occupancy sensor » Occupant comfort may be
*The lines can be blurry, and specific technologies may cross categories, SWitshing maintained while faults :
o . . A 4 | * Faulty photocells ) )
e.g., Modern building automation system platform with FDD capabilities 7 persist, wasting $$$ 4
A 4 .

11 Energy Exchange: Federal Sustainability for the Mext Decade i

Commercialization
EMIS includes: Advanced EIS (EE fault alarm)
Rule-based fault detection and diagnostics
Excluded: Optimization Control
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SECTION 4

Analytic Tool (Fault Alarm) Market in Thailand



Smart Chiller - Carrier

With Advanced Analytics,
you can be assured of:

» Improved visibility of operations

Reduced incidents of failure

Increased uptime

Proactive management

Better equipment performance and efficiency

~r—y
Thet CRor Maah Masst 16 yol 00 Mol M S0AR) 0F Be Chiller 16 vuaiion Ladurng Pial wate
WPV IS R A D B O G WnIeer NS et el Lo INan Deter o Bon wl e -

Reduced operating and maintenance costs

Carrier SMART Operating Inspections Annual Preventative
Real-time transmision of Thorough inspection and Maintenance
equipment operating data by adjustment of equipment by Overall maintenance in
Carrier SMART, leveraging Carrier technicians to ensure machine shutdown mode.,
wireless technology and that it is performing effectively undertaken once a year, to
Carrier’s cloud-based loT and efficiently

ensure longevity and higher

platform to monitor reliability

equipment’'s health and address
potential issues before the arise
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Alarm
Notification

Customizable
notifications via web
portal or application

for facility
management teams

Trend
Diagnostics

Operational data
analysis for enhanced
equipment reliability

Smart Chiller - Carrier

Live Data Corrective
Access Action
Remote or on-site

intervention for
advanced diagnostics

Real-time, remote
supervision of data -
24/7, 365 days a year

Predictive
Analysis Maintenance

Performance

Continuous energy
performance
improvement

Advanced analytics
tools to identify hidden
problems before they
become emergency
issues

Reporting

Automatically
generated,
customizable monthly
reports

=0

Email
Alerts

Real-time data
retrieved from website,
including parameters
log, event/temperature
curve, and more
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- Smart Chiller Plant - JEM Solution

Three Options

Access to Metasys ADX SQL (Only
for Metasys Sites

TCP Port 1433 access for the Data
Collector to communicate to the
Metasys ADX server internally

) Access to BACnet/IP

UDP Port 47808 access for the Data
Collector to communicate to the
BACnet/IP server/devices internally

Access to Internet

Port 443 (HTTPS) open outgoing
from the Johnson Controls
Enterprise Management Data
Collector box to the Johnson
Controls cloud vendor

JEM Solution

JEM Data Collector

|'|/—\]
(R

Metasys User Interface

Application Data Server @

Historian
Database
L]
L

Ethernet/ IP

Ethernet / IP

------—-J

L

LA IIT IR SN IR EED . . . -

: rd
Network Engine 72 i 3" Party
; BACnet

FEC TEC Devices

Metasys BMS

IP

BACnet /
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Smart Chiller Plant - JEM Solution

uncover
critical faults and root cause.

are displayed in a time series format with total
duration of existence allowing operations staff to easily
pinpoint and fix equipment problems.

allows the
user to write custom faults to identify faults for an entire
system as opposed to an isolated equipment

configured
equipment located in a customer’s portfolio.

provide more visibility
into central plant performance

enables the user to add site specific
details and the JEM algorithm remembers equipment
faults and the root cause




Smart Chiller Plant - JEDI

Portfolio Dashboards

View and manage large and
complex building portfolios with
ease, monitoring key indicators to
ensure serviceability of portfolio

Analytics Dashboards

Performance Dashboards

Capture energy, operational and
financial insights all within one
dashboard for better overview

and quicker decision making

Diagnostic Dashboard

A wide array of modules and
dashboards for technical staff to
monitor performance of individual
chillers and equipment




Chiller COP vs Cooling Load

Smart Chiller Plant - JEDI

10 | !
. {
=
> 5
2
9 | | ;
0 2000 4000 6000 8000
Cooling Load (Ton)
Chiller1A - COP Chiller1B - COP Chiller2 - COP Chiller3 - COP
Chiller4 - COP Chiller5 - COP
Cooling Load

= |
£ “\. s | \ A
5 6000 | = 4} C % =
84000+ 7 e C j - =
2000 B nzest |l W v . N ™ 24
- 1 v ' e,
- W 22
3 0 | | | | '

Nov 22 Nov 23 Nov 24 Nov 25 Nov 26 Nov 27 Nov 28 Nov 29

2020

Weather - Outdoor_Temperature
Chiller4 - Cooling_Load

Chiller2 - Cooling_Load
Chiller1A - Cooling_Load

(‘hillerrgr—n&)ohng_l.oad
Chiller3 - Cooling_Load
Chiller1B - Cooling_Load

Outdoor Temperature (°C)

Plant COP (chiller only)

Energy Consumption (kWh)

Energy Consumption

60k
40k — — — —
20k — = = = == == =
Nov 22 Nov 23 Nov 24 Nov 25 Nov 26 Nov 27 Nov 28 Nov 29
2020
Time (daily)
Chiller5 - Power Chiller4 - Power Chiller3 - Power Chiller2 - Power
Chiller1B - Power Chiller1A - Power
Plant COP (chiller only) vs Outdoor Temperature
| |
10 I ‘
‘ |
8 15 SRS A IRE A i TP S EILTTIEG : AP N L S IRE &4 55 AL LA TTS a
] |
6
4

22 23 24 25 26 27 28

Outdoor Temperature (°C)




Smart Chiller Plant - Azbil

Primary Pump VWV Control

Saving
A74% saved

Primary Pump VWYV Control (Depart)

1,200 40
m Baseline W P-1 CWpP-2 —— Qutdoor Temp.
— 1,050 35
= —
i 900 30 ¥
= =
§ 750 Before After 25 A
2 600 20 &
- .
2 450 15 &
E -
“ 300 0 2
¥
E 150 5
[
0 0
Loy orer oS CNERIRRERERRE CRanaMNaTgaEL SR
NN N e N e N e e e e NGNS SN NaEaS
Ol O O O] O O Oy O O O O O O
Actual Data Before After Saving
Month (kWh) (kWh) (kWh)
Feb—2017 21,286 5,460 15,826
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Smart Chiller Plant - Azbil

Detail Analysis by Plant azbil

Primary Pump VWV Control for Tower Plant (as of September 2014)

—

o 282885

CWE Pavier (kW]

Energy Load (Tower)

1200
-.? . W
= 1,000
E sopd -
P e
3 SO0
£ 400 .
= 2 = WP i | Actass
200 w WP Fiovar {Thark Eni)
L1
0 ' E.m-rg_t!ﬂmld I(;.I-'hlli! e
CWEVWY Cantrol (Tower) 6 CWP VWY Control (Tower)
A T L - ,9:& e
AP i '—:- s o 1
(Panslaas . & 4 x
- A s
. = 3y
o ‘E 5 o o CWP dT (Acrual)
{ =
) &) 0 ‘ '
o 2] % Rﬁ?{ﬂﬁﬂ i 20 0 5 l:'.nexgy L]bq.d [GJI'h] 15 20
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- Smart Chiller Plant - Azbil

AstAUziayatuu Big Data
ASYiNY U ISTUL

1) tAuziayann 1 u9A

2) daayanavidaannalviianiu
ANSYINYIULDITTUU

3) Tad2iaualunrsuatdeyni eu
&NNITATVINIU

4) tnuriaya‘leliuilinde

BB2 CONFIDENTIAL 37



- Smart Chiller Plant - BBP Sg

AMWSIUTNE dazidaanaaIna azinsInIs

ARG IONAR VI PNEHA TR

3829257 E:
T 2) ULAAIANUSZLANENINAZILRY

(7y (l\ (\\,
N J 845 o J 496
[ 7 T A1lsuain1svinauLiiu

mmmmmmmm = ~, NAVUNTY  Ansuantldasau
o - AU U

1,647

1294 1) ugadnaniIsuszndanwasoutilu
A1y , Awavau (kwh) , e
Asuaulaaaniae ( Co2)
wuusatilavaaantial (Real-time)

J e e 3) dsz@ndawuasnnailnsal
| ' | |

s 4) uaavnanisvinausatiiasuag

STUU LAREFINITAAIUANITUAY
LAaILnaRaLlsAG
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SECTION 5

Analysis Problem Examples



Power Analysis

BEMS for energy management

[ Measured data 1

Dy Ewmcinoty Conaumption of Samnaa B4d 2000

Tl
Bl > coconc bt sanion s sessas snssanssahosas | —— = e %
- .......Q.-..-;l;l:;;-.-_._-,.----_..4,,,:;:. Baseline

- - -."‘.“ MO0 DD [~ = = = = o
= HAT SN
- !| | e r\/\/
! e e e 2w ey ww wm w =m l 1200.000
(Energy Saving Quantity ] °
T = Eenmgy Saving Lire - s

Saving line is done
by calculating
energy saving for
each measures.

= M v o
NN o llu’]'n"l'ln??ﬂ?“ﬂﬂ“j’\“ﬂ"ﬁlua3ﬂ'l'§ﬁf‘ﬂ.ﬁwa~N'\u

Parameters linsauaaunisitasizvinsduiassnadanu

Baseline energy iuaadsiisau faults Tuszuu




System Improvement - Standalone

e PO Flow & Pump power VS Time Dump (aW)
:L‘l ——Before- Flow ——After- Flow Flow O.T. Req. 5 1
. » _ E 5 | | £ v
Iyl .- IBefore» CHP kW After- CHP kW [ ~ ~ﬁ g‘;‘,. 4 S N —
lf‘ e N~ —_—
} i 300.0
-
+Hg 5 L. o
" o~ ! ) i v  — || 50
o >. ,. .
"l Some EERY h N 1 Ji§l I 200.0
' N—— _{‘ L s g O 5 ' | 1 ' n
l“ == /_1:‘ s ;- ff‘i i 250 S N EVY S 5T o 1 f ! ll r - .\a
I h N~ | ——— Y, SR S0 B == ranm II' ~ 150
L H ! I\,,__‘»» AL—"" P ',—f: _k“ = 3 B _‘__ ————e— = 5 ! TS =32 — ¥
— ‘ | Ii f e —F | 3
.~ L1 ] ! ' . 2 | —s 100
ke oS PENEE R B AN X J { | » It
IF RN | T =3 By Y O I R L g
xRt — ” 1= R Sy— g gy 2
Plant kW VS Time
Betore- kW After KW

=)

U511)393200 cooling tower pump Tagliistsnnuasmeaninaduluszuy 1wy

indoor relative humidity



Demonstration Tool

Tr (Actual) Tremd Chart

3. o0
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SO0 1 1 , | 1
. ] I
MM E2009 T4, 2009 FAANSF2079 TG0 T FTr2009 FAASSZ200D
KW per Tons Tremd Chart
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4D
20
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1200 AM 10320192 00 AM1,97/20192 00 AM 1/11720192 00 AM /1520192 00 A 1/1520192 00 AM 12320192 00 AM 12720192 00 AM
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CDS Temp Header(F)
= OA WetBulb WTO1(F)

Approx Temp. Cond CH-01

GUI (Graphical user interface) Tl Aua ﬂx‘ia\‘lﬂﬁyﬁTﬁ

a dq! o Y dﬂld' o Y o
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a i Ao
IUAINICHINN

Demonstration Tool
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[— e

Main data problems

damkfineents

il 1

dauaf a

#7uls chiller plant

- Chiller Plant Setpoint Temp

w2 Log tfonfu

- Chiller Plant Chilled Water Leaving Temp

CPM fitfivdrudn

- Chiller Plant Chilled Water Entering Temp

CPM v 1dud

- Chiller Plant Chilled Water Flow (Main Header)

CPM fiiAusd 1iudn

- Chiller Plant Condenser Water Leaving Temp

CPM fitAiud Hud

- Chiller Ptant Condenser Water Entering Temp

CPM fitAiud 1 15w

- Chiller Plant Diff Pressure

w2V Log sfondu

- Chiller Plant Ton Plant

w2 v Log wFond

- Chiller Plant Kw Plant

CPM fitfiud 1wl

- Chiller Plant kW/Ton Plant

wa"WM Log «Wonhu

- Chiller Plant Ambient Temperature

CPM i iudn

- Chiller Plant Ambient Humidity

wahi Log wWoudy

- Chiller Plant Wet-Bulb

wd W Log Wouku

y b

#edin (Historical
Assignment) #ta Log
vt iy 15 ud
uazSudufl 0, 15, 30, 45
winiu (Log shindn 15 u
Tuswavidgiuan Trend
wia Export

A ldfr i Lbnnndn 15
un )

2. nidafiudnedE N

Export mTuptluuy txt wia
csv

snuan1vituuns chiller usarindoe

- Chilled Water Setpoint

w0V Log (Fanhu

- Chilled Water Temp: Leaving

w2l Log tFaniu

- Chilled Water Temp: Entering

w2 Log Wandu

- Chilled Water: Flowrate

42 Log tfandau 1

- Evaporator Approach Temp

40 Log tfandu “erin (Historical

- Condenser Water Temp: Leaving

w2V Log «andu Assignment) fia Log

- Condenser Water Temp: Entering

e ulilithu 15 ud

w2V Log wandu unriududl 0, 15, 30, 45

- Condenser Water: Flowrate

wo'M Log fandiu wimiu (Log énda 15 uai

- Condenser Approach Temp

wa'lv Log fandu Tauswaiauin Trend

- Operating Capacity (Percent load)

- Ton

- x w9a Export
uo-hf Log “_m"m‘ rrldfautiLinnnds 15
wa M Log Fandu udl)

- Kw/ Ton

walv Log «Wanfu

- Unit Power Consumption (kW)

o Log «Wonhs 2. nmSafudasnun

- Compressor Discharge Temp

Export fmTugduuy txt wia
wa Log tWanhu csv"

- Condenser Refrigerant Pressure

wa v Log wWandhu

- Condenser Refrigerant Temp

wo M Log Fania

- Evaporator Refrigerant Pressure

w4d v Log «Wandu

- Evaporator Refrigerant Temp

w0 M Log «Wandu




Main data problems

AES \ .~
A 20VAV-1A-01 ) 20VAV-1A-03 I %
224°C 30°C 23.2°C 130% JOVAV 1A 04 234°C 234

C 238°C

P 7 ¥

o 20VAV-2A 09 20VAV-2A-10
22.1°C 234 *uz 230°C

4 20VAV-4A-27 |

L 20VAV-4A-26
¥ 242°C 240°C

234°C 240°C

' [ T
_I_. = 1 Al
ZOVAV-4A 24 .
250°C 25.0°C L ) NI ~ +INC 250 253°C 250

20VAV AA 25
¥ 201 200

A T
i | e, B 0
20¥AV-3A-21 20VAV-JA-19 :: N ofp 20VAV-3A 17
2BH°C /0C g Nl 24.9°C 250°C 8 25.1°C 230°c

OF 1.0

20VAV-3A-23
25.0°C 250°C

1:]

AHU O-20AP01

Outside Al

Return Air

CAXOA

sEEEEETECE 7 NN

AHU Ts

Ts C Supply air temperature Yes Mo Mo

AHU Ts set Ts set C | Supply air temperature Yes Mo Mo
set-point

3 AHU Tr Tr C Return air temperature Yes Mo Mo

4 AHU Tr set Tr set C Return air temperature Mo - -
set-point

5 AHU Ps Ps Pa Static pressure Yes Mo Mo

6 AHU Ps set Ps set Pa | Static pressure setpoint Yes Mo Mo

[ AHU wsd vsd % Variable Fan % Yes No Mo

8 AHU wvalve valve % Cooling coil valve % Yes Mo Mo

9 AHU Tfa Tfa C Fresh air temperature Mo - -

10 AHU CO2 coz ppm Carbondioxide level Yes Mo Mo

11| AHU CO2set | CO2set | ppm Carbondioxide level Yes Mo Mo




SECTION 6

USA Retuning process



- Retuning process (the development from field test data)

Re-tuning Meta-Study

vy VvV VY

2007 — 2010

Funded by State of
Washington

Developed re-tuning
training in 2007

Service providers
~25 buildings

R
P %

2010 — 2013; small
programmatic effort
in FY14 and FY15

ARRA funded

Developed online
interactive re-tuning
training and training
for buildings without
BAS

Large portfolio
managers

~50 buildings

LI EEil |
' GEMERAL SERVICES
\\* ADMIMNISTRATION

X _x X~

2011 —

Funded by General
Services
Administration

Identify and help
GSA staff implement
re-tuning measures

~30 buildings
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Retuning process and steps (using data from BAS)

The Retuning Process
Retuning consists of seven primary steps: Typical commercial building behavior over time
1. Collection of basic building information;
2. Trend-data collection and analysis;
3. Building walk down;
4. Identification and implementation of retuning actions;
5. Report of findings, recommended actions and recom-
mendations implemented;
6. Savings analysis; and
7. Continued use of retuning in operation and maintenance.

Energy Consumption

Periodic Re-tuning Continuous Re-tuning
Ensures Persistence Maximizes Persistence

October 2009 ASHRAE Journal

Occupancy scheduling ® Re-tuning 1is implemented by leveraging
D!scharge-afr temperature control information from BAS

Discharge-air static pressure control

Air-handling unit (AHU) heating & ® Cost of implementation is significantly lower
cooling

AHU outside/fresh air makeup than retro-commissioning

AHU economizer operation

L ® Because re-tuning costs a fraction of retro-
Zone conditioning

Meter profiles commissioning, it can be periodically done to

Central plant
48
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__

Pacific

Retuning process and steps (using data from BAS)

Northwest Chilled Water Re-tuning Measures

MATIOMAL LaBDe

CO01: Implement chilled water supply temperature
reset

C02: Iimplement condenser water temperature
reset

C03: Implement loop differential pressure
resetireduction and convert 3-way valves to 2-way
wvalwves if required

C04: Run parallel VFD chilled water pumps
together instead of staging them (both chilled
water and condenser water)

C05: Lockout chiller based on demand or OAT
C06: Control chilled water pumps by chilled water
valve position or loop delta-temperature and open
manual isolation valves

CO7: Install VFD on chilled water pump

C08: Clean and repair cooling tower

C09: Install VFD on cooling tower fans

C10: Install VFD on condenser water pumps

C11: Code and test water-side economizer
implementation

C12: Evaluate using rejected heat to interior spaces during
winter months

C13: Enable chiller isolation valve controls so chiller
isolation valve is closed when respective chiller is off
C14: Insulate all exposed chiller piping and fittings

C15: Replace failed check wvalves on chilled water pumps
C16: Investigate staging issues with chillers (e.g. short-
cycling)

C17: Improve control of cooling tower basin heaters
C18: Use electric chillers in lieu of steam turbine chillers
whenever possible

C19: Fix or replace chilled water coil valves

C20: Chiller soft start

C21: Disable chilled water pumps when chillers are not
running

C22: Run one parallel condenser water pump instead of
two (second not needed)

Prevalence of Re-tuning Measures: Chilled Water

Total Number of Buildings = 151

Percent of Buildings [%]

10

Level of Effort

@ High
Medium
® Low

T T T T
11 c1z2 Ccl3 <Ci14 Cl5s Cl16 1y «<C18 <19 20 21 2

Chilled wWater
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1. madnwuaziimszi CPMS PNNL guide
« 5 reset chilled water set-point

« mM5sUsuAN Tevo set-point

AsUSUsiarn pressure set-point

2. Madnwuaziimsnzii AHU PNNL guide

o asdAnwn AHU Mintimum Outdoor Atr
Operation

« nsdnw AHU Discharge-Air Temperature
Control

 Asdaw AHU Static Pressure Control

3. mMadnuuaimszf Zone PNNL guide

» Setback set-point ghsnsvinaiunae@n
YEphalcebiife

*  ASRFIAADU simultaneous cooling wag
heating

Retuning process and steps (examples)

PNML guide

N1IASI9EaU

A

Fodnnansuszend

CPMS

1.173 reset chilled water set-
point

2 n1sUsuAl Tevo set-point

Tevo, CC_signal, OAT

Tevo st, Tevi, Tevo

CC_signal, OAT i
Waurariu CPMS

laigl 0AT Tuvursenens

3 nsUSusieRn pressure set- Ploop_st, CC_signal Lidiousie

point Ploop,CC_signal AU CPMS
AHU 1.7 fresh air aswiauin OAD, OAF, OCC, OAT | laifisin OCC, OAT,

il OAF

2 Damper Uslutiieemsia OAD, OAF, OCC, Liiilmn OCC, OAF

nioly

3,115 reset DAT set-point DAT, DAT,st, OAT, laifiAn OAT,

HC signal HC signal
4.n13AUALAT DAT #nu set- DAT, DAT st on-off wia P-control
point
5.1 DAT set-point gawioslU | DATst, OAT, HC signal | laifiszuy HC_signal
6.A7 DAT daeunanaTuals DAT,st, DAT on-off wia P-control
7 Static pressure set-point Pst, Pst,st, VAV sienal Laiuvinen
resel
B.5tatic pressure set-point &4 Pst, Pst,st, VAV sienal Laiuvinen
el

Zone 1.Sethack set-point 929013 QCC_mode, ZAT, Laififin OCC_mode,

a -4 -y -a
VHTUNRAURIEEIAITUR
Z.nnEmsiadau simultaneous

cooling waz heating

HC signal
OAT, ZAT, HC signal

HC signal

14 cooling wintu




- Retuning process and steps (examples)

AsdnEInazit@msziy CPMS PNNL guide
« 15 reset chilled water set-point

* AsUsuAN Tevo set-point

* AN5USUBIaFN pressure set-point

ChWsT QAT

—CHWWST QAT
100 100
50 Bad Operation: No ChWSTSP reset utilized %0 Good Operation: ChWSTSP reset utilized when outdoor
conditions are favorable
i 80 Outdoor-airtemperature
— Outdoor-airtemperature oy
z & 70
@ -]
c s 60
g g
s s 50
£ § 40
T 30 "
Chilled water supply 30
Chilled water supply
temperature
20 P 20 temperature
10 10
0 0
- [ae) ] P (=] -— ] W
= = = = - = = - = o v = = = = o
s I £ £ £ 3 = = = 3§ £ = s T = =
= 2 a 5 & & & s 2 a2 & & & %




Retuning process and steps (examples)

— T — AT Cov o WST —=——0AT CCv
100 - 100 100 - 100
g0 | Bad Operation: No ChWSTSP reset utilized when max | 90 90 Cooling-coil _—7 L 90
gp | CCVis only 40% open | a0 a0 valvesignal " a0
— 70 e ™. 70 _ 70 Ll "_/_'_—’\..‘ " N
' Chilled water supply = = Cnllledwatersupphy
g 60 t rature 60 2 w 60 temperature L g0
= : emPs o H Outdoor-air temperature
= 50 Outdoor-airtemperature L 50 .= £ 50 _r\,..:— P e e &0
s s Bl = s I
EL 40 + 40 a a 40 - 40
] | o 00 peration: reset when max isonly |
3 30 s © 'f 30 | Good Operation: ChWSTSP reset wh ccv | 30
20 Cooling-coil-valve signal L 2g 29 | 40% open, resulting in 5°F ChW reset and 95% open CCV | 5
10 - 10 10 t 10
0 -0 0 1]
= = = = = = = = = = = = = = = = = = = = = = = =
=t oL =T oL =<t =L o o o o o o =X =< = =< = =€ o o o o . o
= = — = = = = 2 = =4 = = = = 1= (2 2 = = = = =2 =2 |=
; o - =] aci = o (] -+ =] aci = &d [ -+ i i =1 o~ o - =] i =
= ¢z 2 2z 2 = % z 2z ® =z = Sz oz =z T T %z oz %oz
= L= (=] L= (=] = = [ L=] (=] [=] = = = = -
E 2 2 2 2 § £ 2 2 2 2 E§ § 2 2 2 2 § § 2 2 2 2 5§

CCV (% open)

Cooling coll valve - 75 - 90%



Retuning process and steps (examples)

———ChWRT =———ChWST =——0AT ——ChWRT =———ChWST =——0AT
100 100
90 Bad Operation: Loop delta-T always less than 5°F g9 | Good Operation: Loop delta-T always greater than 10°F
e 80 E 80 Outdoor-airtemperature
& Outdoor-airtemperature
g 5 z/
= 60 = 60
s e
E- &0 g 50
€ [ F]
= 40 40
30 30 : _
Chilled water return Chilled water supply Chilled water return
ap | Chilled water supply temperature 20 temperature temperature
temperature ;
10 0
0 0
= o o = = = o @ & & = & = = = =
- o Fﬂ_ - o 3 [ o] c o = c @ - = -
= = = = -1 = o = L= a» L = = = = =
% g ™ = = E = E = = w - = & g

Chilled water temperature difference Limssiinine 8 F vnnmssiadn Tevo sin
Al Tunseifiaaunnfionmanmauansnninung

A5 reset A144 F asinsaaunnfivnifuiivunzanineasinafl Tevo ilaldvin TWewasing
idusinainungaulAie low delta T syndrome



Retuning process and steps (examples)

Loop Differential Pressure (psi)

16

14

12

10

Mon, 11/1

ChWLDP Max CCV
> : 100 16
Bad Operation: Chilled water loop DP roughly constant
at 10 psi when maximum CCV is less than 50% open % & u
Chilled water loop differential pressure - 80 e %
=
0 =|| 8
al|l= 10
B0 o -
=2 =
_ - _ 50 || &
Max cooling-coil-valve signal 3 -~
40 © =
= a 6
=
0 = 3
S 4
—
20
10 2
_ B3 | a5 Tl B U 0
g = 2 o = = 3
= = = = = = -
= B ) i = 3 =
= = =

Chilled water loop differential pressure

Tue, 1179

ChWLDP Max CCV

Good Operation: Loop DP reset between 2-2.5 psi and
maximum CCV is between 50-100%

Wed 11110

Thu, 1111

Fn, 1112

Sat 1113
Sun 1114
Mon, 1115

Max cooling-coil-valvesignal

100
90

- 80

70
60
50
40
30
20
10

Max CCV (% open)

-Bad operation wuineAsHeANNsuwasszuy CPMS (Ploop_st) mafi luwauzii CC_signal esnin

50%

N5 reset pressure loop set-point Tshasiawine1 CC_signal unnnin 90% - 100% lawnns
reset set-point anann 10 psi wds 2.5 psi vir Tkaae linszuudun uazvin e CC_signal winduun

GNNLAOLITAT LN

54




SECTION 7

Smart chiller and CPMS Examples



EMIS - System Monitoring, Diagnostic and Control

MBCx phase 1 — Data configuration with o MBCx phase 2 — AFDD design and
CPM data interface = "\ Implementation

Co/Co2 Sensor

e Smart Fault Detect

TI E— M IS Temp/Humi Sensor

(data log box) :ifﬁﬁﬁ:f '0‘\

Temp/Humi Sensor \
\;‘ 8 u.\\

Internet
Engineering Control Room

Ef"”:'-:Z,:;;;g;‘;;::;"_‘“":f:““““""""""i | Database & Server Controller

MBCx phase 3 — Automated Repair by smart

lE Ethernet
— < NetworkSW | i

56



Data Storage Examples

BAS
faulsiidains Score | Weight | BAS condition Score | Weight | condition
BAS ig point Sampling rate iz point

@1us chiller plant available | condition ok? In trend Stored? required BAS available | condition ok? In trend Stored? Sampling rate required
- Chiller Plant Setpoint Temp (set) 3 3 1 Yes Yes Yes Yes 15 ming 3 3 1 Yes Yes Yes Yes 15 ming
- Chiller Plant Chilled VWater Entering Temp 2 2 1 ez Fes rEs ez 15 mins ps 2 1 res Yes Tes Yes 13 mins
- Chiller Plant Chilled Water Leaving Temp 0.2 2 0.4 fes ez No No 15 mins 12 3 0.4 fes es No No 15 mins
- Chiller Plant Chilled VWater Flow (Main Header) 0.4 2 0.2 Yes N Ho N 15 ming 12 3 0.4 Yes Yes No N 15 ming
- Chiller Plant Condenser Water Leaving Temp 0.8 2 0.4 Yes Yes No No 15 ming 0.8 2 0.4 Yes Yes No No 15 ming
- Chiller Plant Condenser Water Entering Temp (set) 0 3 0 No No No No 15 mins 0.8 2 0.4 res Yes No No

- Chiller Plant Condenser Water Entering Temp 2 2 1 fes es es fes 15 mins 3 3 1 fes es es es 15 mins
- Chiller Plant Diff Pressure (set) 12 3 0.4 Yes Yes Ho N 15 ming 12 3 0.4 Yes Yes No N

- Chiller Plant Diff Pressure 2 2 1 res ez res res 15 mins 3 3 1 res Yes res Yes 15 ming
- Chiller Plant Ton Plant 16 2 0.8 res No res res 15 mins 2 2 1 res Yes res Ves 15 mins
- Chiller Plant Kw Plant 2 2 1 fes ez es fes 15 mins 2 2 1 fes es es es 15 mins
- Chiller Plant k\WiTon Plant 0.2 1 0.8 ez No res Fes 15 mins 2 2 1 es Yes Fes Ves 15 ming
- Chiller Plant Ambient Temperature 0.4 1 0.4 Yes Yes No No 15 ming 0.4 1 0.4 Yes Yes No No 15 ming
- Chiller Plant Ambient Humidity 0.4 1 0.4 ez Fes No No 15 mins 0.4 1 0.4 res Yes No No 13 mins
- Chiller Plant Wet-Bulb 2 2 1 fes es es fes 15 mins 2 2 1 es es es es 15 mins

i& point Sampling rate iz point
fulsaisiaTunas chiler weaziAia 19.4 30 BAS availablg condition ok? In trend Stored? required o 34 10.8 | BAS available | condition ok? In trend Stored? Sampling rate reguired
|-Chi|led Water Setpoint (set) 3 3 1 Yes Yes Yes Yes 15 mins 3 3 1 Yes Yes Yes Yes 15 mins
- Chilled Water Temp: Entering 2 2 1 fes es es fes 15 mins 2 2 1 fes es es es 15 mins
- Chilled Water Temp: Leaving 2 2 1 Yes Yes Yes Yes 15 ming 3 3 1 Yes Yes Yes Yes 15 ming
- Chilled Water: Flowrate 2 2 1 res ez res res 15 mins 2 2 1 res Yes res Yes 15 ming
- Evaporator Approach Temp 3 3 1 ez Fes res ez 15 mins 3 3 1 res Yes res Yes 13 mins
- Condenzer Water Temp: Leaving 2 2 1 fes es es fes 15 mins 2 2 1 fes es es es 15 mins
- Condenszer Water Temp: Entering 3 3 1 Yes Yes Yes Yes 15 ming 3 3 1 Yes Yes Yes Yes 15 ming
- Condenzer Water: Flowrate 2 2 1 res ez res res 15 mins 2 2 1 res Yes res Yes 15 ming
- Condenser Approach Temp 3 3 1 ez Fes res ez 15 mins 3 3 1 res Yes res Yes 13 mins
- Operating Capacity (Percent load) 3 3 1 fes es es fes 15 mins 3 3 1 fes es es es 15 mins
-Ton 2 2 1 res Yes res fes 15 mins 2 2 1 fes Yes res ez 15 ming
- Kwi Ton 2 2 1 res Fes res res 15 mins 2 2 1 Yes es Yes Fes 15 mins
- Unit Power Consumption (KWW} 2 2 1 res ez g8 res 15 ming ps 2 1 res Yes res Yes 13 mins
- Compressor Discharge Temp 12 3 0.4 fes es Mo No 15 mins 3 3 1 es es fes es 15 mins
- Condenser Refrigerant Prezsure 0.8 2 0.4 Yes Yes No No 15 ming 2 2 1 Yes Yes Yes Yes 15 ming
- Condenzer Refrigerant Temp 1.2 3 0.4 ez fes No No 15 mins 3 3 1 ez Yes res Yes 15 mins
- Evaporator Refrigerant Pressure 0.8 2 0.4 res ez Mo No 15 ming ps 2 1 res Yes res Yes 13 mins
- Evaporator Refrigerant Temp 12 3 0.4 fes es Mo No 15 mins 3 3 1 es es fes es 15 mins
352 44 45 45 18
E5.6 74 70 73
75.14% 88.61%




Automated fault diagnostics and recommendation

EMIS function (AFDD) to avoid:

F1: reduce evaporator water temperature flow-rate TIE - EMIS software
Smart Fault Detect

F2: reduce condenser water temperature flow-rate

F3: low delta T syndrome Fault Detection

F4: condensing fouling

| Faulty Interaction (Supply) il

Faulty Interaction (Supply)

Faulty Interaction (Return)

E ol loforaoticom (7 ae s

Air-side Short Circuit

Outliers: Insufficient Chiller Load
Cutliers: Start-up Chiller

Faully CPM Sensor or Operations

F5: refrigerant overcharge
Fé: refrigerant undercharge

F7: non-condensable a2

F8: surge

Retuning CHP VSD et St et e

Reduced Condenser Water Flow
Low Delta T Symdrome

F9: outlier chiller sta

| F10: insufficient chiller load | Refrigerant Overcharge
F11: improper CHP control Typical CPM control
F12: faulty CPM sensor
F13: Chiller load loss Check Tevo at SP =44 F: when load is more than 750 tons, Tevo is lifted due to insufficient load

F14: too low chilled water return temperature

Building Load vs kW/Ton (R Value = -0.82)

F15: air-side short circuit . [ 31 ausg 20, 7115 am
F16: non-thermal comfort c X EE— !
F e s 3 30, 915 AM
F17: wrong CAV control valve . " .. [rsomamo . Pr -
F18: too high supply air temperature of a AHU T ren —_—,
. = - - ¥ T T M
F19: too low supply air temperature of a AHU 08 .. : ’ -

F20: air zone condensation

Automated Diagnostic identifies potential root causes




Smart Chiller Diagnostics — Haier

Bar code from factory
:AABRO7EIMO059H630001

Device type: Water cooled
oil free centrifugal

Device model: CC2110PWNI

IMU serial No: 110206012

Creation date: 2019-07-24
09:39:56

Operation: .
Stop: .

Chiller error: ‘

Real time
Power consumption(KW): Cooling capacity(KW): COP:
218.6 1266.5 58
COMMON
(PPN 2022/06/15 18:27:01 Data coliect time: E PR IERLFERE)
Evaporator inlet Evaporator outllet
temperature (*C) : m temperature (°C) : m
Condensor inlet Condensor outllet
temperature (*C) 35.2 temperature (*C):
Evaporator outllet Condensor outllet
temperature setting in temperature setting in
cooling(*C) : heating(*C) :
Evaporator Condensor outllet
inlettemperature setting temperature setting in
in cooling : heating :
Condensor inlet
Sys coolngheeting temperature setting in
selection : heating -

59



- Offline Diagnostic Platform

Fault diagnostics using BACNet data Behavior and problems
Too low temperature from the set-point Over-cooling resulting in automated reducing
chilled water pump flow-rate and increase heat
balance
Too high temp from the set-point Insufficient load leading to higher full load amp
(FLA) and energy use
Too low evaporator water temperature Low delta T syndrome and too high chilled
differences (CQ1) water pump (CHP) flow-rate
Too low condenser water temperature Low delta T syndrome and too high
differences (CQ2) condensing water pump (CDP) flow-rate
Too high evaporator water temperature Too low chilled water pump flow-rate
differences
Too high condenser water temperature Too low condensing water pump flow-rate
differences
Refrigerant undercharge Liquid valve increases and increase power
Refrigerant overcharge Liquid valve decreases and cooling ton loss
Condensing fouling Higher saturated evaporator pressure
Unbalanced condenser and evaporator Increase subsystem energy use (CQ1 > CQ2)




- Offline Diagnostic Platform (B.1)

CH2 -~ B2 July 25, 2022 - July 31, 2022 ~ Export CSV Export CS\V

14
27 Jul 22, 9:30 PM
CQI{*F) : 10.620
q " “’-\‘\‘/1

28 Jul 22, 4:30 PM
cQi(*F) : 7.920

] .

s

o

[=] [ g & o

[
[

Water Temperature Difference ('F)

Jul 26 2022 Jul 27 2022 Jul 28 2022 Jul 29 2022 Jul 30 2022 Jul 31 2022

300

250 !|
=
— 200
$ |
= .
& | 27 Jul 22, 9:30 PM
o .
- 150 Eomp 12 : ;2;33 28 Jul 22, 4:20 PM

oy H .

P P e i Comp 1 : 50.700
@ P 3= s Comp 2 : 46.000
o 100 CCIITiFI 4 : 86.200 Comp 2 : 54.200
E . Comp 4 : 55.700
(=] P
]

50 ]

A m | H\ N |
o

Jul 26 2022 Jul 27 2022 Jul 28 2022 Jul 29 2022 Jul 30 2022 Jul 31 2022

Excessive Energy - 35.5% from insufficient load

Solve by increasing CHP pump or increase set-point to 47 F instead of 45.5 F .



- Offline Diagnostic Platform (B.1)

H2 - 28 July 25, 2022 - July 31, 2022 = Export CSW Export CSV
4

0

-W {I\‘w‘ — 38
28 Jul 22, 4:30 PM ‘ ‘ L‘ L

CcQ1(°F) : 7.920
Jul 26 2022 Jul 29 2022 Jul 30 2022 Jul 31 2022
HZ = B2 July 25, 2022 - July 31, 2022 - Export C5V Export CSV
8

Water Temperature Difference ('F)

2

o LLﬂ"“II_’
-

2 e

Jul 27 2022 Jul 28 2022

[

27 Jul 22, 9:45 PM
CQ2("F) : 6.480

CQ2(°F)

28 Jul 22, 4:30 PM
CQ2("F) : 5.760

Water Temperature Difference (F)

2
1
0
-1

Jul 26 2022 Jul 27 2022 Jul 28 2022 Jul 29 2022 Jul 30 2022 Jul 31 2022

Unbalance CQ1 and CQ2 to increase cooling load
Solve by increasing CHP pump and reducing CDP pump



Offline Diagnostic Platform (B.2)

CH1 ~ f2 June 4, 2022 - June 10, 2022 = Export CSV Export CSV

7 Jun 22, 1:30 PM ?

2]

CQ2(*F) : 5.580 S L1 L [ | lﬂCI’ease COOllng
] load

[

10 CQI(°F) : 11,160 9 Jun 22, 11:45 PM

§ cQ2('F): 10.440 || CQI(F) £ 2.160

5 m Il{l el ’Ff- 19 N Unbalance

5 . MY Il T" Chiller 1 and 2;
i; —{H'J ["(H Ce 'm_r_n ,J—F'FHIIV,' | | \7 ’rl—""'—'i"4 k{ ' I' _E%HH ’
: Erera L B %pr

E

@

g

2

JUI-'liC-/— 2022 Jun 05 2022 Jun 06 2022 Jun 07 2022 Jun 08 2022 Jun 09 2022 Jun 10 2022
CH2 ~ i June 4, 2022 - June 10, 2022 = Export CSV Export CSV
7 - Solved by

increasing CHP
Eé?;;i?:éﬁii“* pump and
CO2( F) : 2.880 .
reducing CDP

M’.
Wffw -~ pump

7 Jun 22, 1:30 PM
CQ1(°F) : 12.240
CQ2(*F) : 8.100

5 Jun 22, 2:45 PM
CO1(°F) : 7.380
4 CQ2(°F) : 4.140

Mm_\‘w\-\ i

C.
Jun 04 2022 Jun 05 2022 Jun 06 2022 Jun 07 2022 Jun 08 2022 Jun 0% 2022 Jun 10 2022 63

=)

Water Temperature Difference (“F)



Offline Diagnostic Platform (B.2)

56

7T Jun 22, 1:30 PM
Tewvi : 55.760
Tevo @ 44,600
Tevo SP @ 45.500

5 Jun 22, 2:30 f\\_\N\U/_\/_\_“W
Tevi : 48.920

Tevo : 43.880

Tevo SP : 45.50 F—— R P I. Iﬁ 4 L |
R A v 01 1 9 N 11 Y

42
Jun 04 2022 Jun 05 2022 Jun 06 2022 Jun OF 2022 Jun 08 2022 Jun 0% 2022 Jun 10 2022

.0100 low set-point — over power 5%

[%)]
FEY

9 Jun 22, 11:45 PM
Tevi : 48.740
Tevo @ 46.580
Tewvo SP : 45.500

(5]
&)

o
Q

iy
[=3]

Water Temperature ("F)

N

7 Jun 22, 1:30 PM 9 Jun 22, 11:45 PM
5 Jun 22, 2:30 PM Comp 1 : 66.500 Comp 1 : 0.000
100 Comp 1 : 61.300 Comp 2 : 76.400 Comp 2 : 53.600
. Comp 2 : 70.600 Comp 3 : 81.000 | Comp 3 : 0.000
= Comp 3 : 0.000 Comp 4 : 0.000 . Comp 4 : 0.000
= Comp 4 : 74.700
= 80 : J
[ | d I '
§. !hjl' v at i " 4 ||
1 \
5 % ﬁx['\ r} ‘ \ |‘ | \ ‘Id’ | q |
N 0 daib |
Vi L !
o | i I,J | | |
| .
O 40
E |
(=]
]
20 "

|::| L] L}
_ . Jun 04 2022 Jun 05 2022 Jun 06 2022 Jun 07 2022 Jun 08 2022 !CIEE Jun 0% 2022 Jun 10 2022



Offline Diagnostic Platform (B.2)

(%))
5]

7 Jun 22, 1:30 P
Tewvi : 55.760
Tevo @ 44,600
Tevo SP @ 45.500

[%)]
FEY

9 Jun 22, 11:45 PM
Tevi : 48.740
Tevo @ 46.580
Tewvo SP : 45.500

(5]
&)

o
Q

5 Jun 22, 2:30 PM
Tevi : 48.920

IZEE;:?:-::ZOO S P PP I. -
JRA S e v gm0 (A L e T

Too high return evaporator

iy
[=3]

Water Temperature ("F)

47

Jun 04 2022 Jun 05 2022 Jun 06 2 Jun 09 2022 Jun 10 2022

temperature — too low CHP and CDP
120
7 Jun 22, 1:30 PM 9 Jun 22, 11:45 PM
5 Jun 22, 2:30 PM Comp 1 : 66.500 Comp 1 : 0.000

100 Comp 1 : 61.300 Comp 2 : 76.400 Comp 2 : 53.600
. Comp 2 : 70.600 Comp 3 : 81.000 | Comp 2 : 0.000
= Comp 3 : 0.000 Comp 4 : 0.000 N Comp 4 : 0.000
= Comp 4 : 74.700 I
o 80 :
]

|
% }‘|u 1 M Y t W) |
a | -. I 0 '
60 J ' | " . .
R e -' ATHE " |‘ | Tﬁ | |
" i [/ |l' [V |
i ) |
o ] | L/ | | | | | |
a 40 '
£
(=]
U ‘
20 i
| 35

|::| L] L}
_ . Jun 04 2022 Jun 05 2022 Jun 06 2022 Jun 07 2022 Jun 08 2022 ’CIEE Jun 0% 2022 Jun 10 2022



Offline Diagnostic Platform (B.2)

56
7 Jun 22, 1:30 PM
Tevi : 55.760
24 Tevo @ 44,600 9 Jun 22, 11:45 PM
i Tevo SP @ 45.500 Tevi : 48.740
— 52 Tevo : 46.580
@ Tewvo SP : 45.500
=
o 50
2
E am 5 Jun 22, 2:30 PM
el Tewi : 48.920
E Tevo : 43.880
o 4 Tevo SP 1 45.500 e 1 .. l ) b l I
T 71 ] R 1L 1
= WA | UL IS ARVY L DIRAI., R WY P |
A4 u . " H
Too high outlet evaporator
Jur 04 2022 Jun 05 2022 Jun 06 2022 Jun 07 2022 e tem peratu re — too lOW CH P and CDP
s and increase set-point
7 Jun 22, 1:30 PM 9 Jun 22, 11:45 PM
5Jun 22, 2:30 PM Comp 1 : 66.500 Comp 1 : 0.000
100 Comp 1 : 61.300 Comp 2 : 76.400 Comp 2 : 53.600
. Comp 2 : 70.600 Comp 3 : 81.000 Comp 2 : 0.000
= Comp 3 : 0.000 Comp 4 : 0.000 Comp 4 : 0.000
= Comp 4 : 74.700
E B0 J
z A a
2 Tl [
L 60 ﬁ‘[ . .
2 my T{' | |
] ! |
m ‘H‘-F ﬂ - J —— | | | |
= |
a 40 |
= |
o
L
20 " I

|::| L] L}
_ . Jun 04 2022 Jun 05 2022 Jun 06 2022 Jun 07 2022 Jun 08 2022 1022 Jun 0% 2022 Jun 10 2022



110

Load Balance Diagnostics

Load 17.5% - CQ1 =6.1F, CQ2 =29 F
Design = 1.75 F

Over CQ1+4.35F, Over CQ2 +1.15F due
to less CHP and CDP flow

| ?
100 I |*'._ BT P i _ ™ P - _/_ﬂ_%w“"m“.‘_'
e
. : - | \. . I
— 90 U'r\"_‘"'\_ r Il,;’_\\_,._\.-_r\ i L~ ) _ i 7 — 1 - — L e v
e 5 Jun 22, 2:30 PM - r - L
o a0 Tevi : 52.880 ¥l EEF N0 P 9 Jun 22, 11:45 PM
o = Tevo : 45.500 Tevi 1 56.840 Tevi : 52.340
3 Tedi : 95.000 TEV'F' :44.600 Tevo : 46.220
E 70 Tedo : 98.960 Tedi @ 96.800 Tedi : 87.260
|_ Tcdo @ 104.900 Tedo © 90.140
Load250%-CQ1—74FCQ2 40F e
Trmanend WA, I

S Yy Y e S o~ T N W,
Load 37.8% - CQ1 = 12.2F CQ2 = 8.1 F

DeSlgn =38F Jun O8 202 9 2022 Jun 10 2022
Over CQ1+8.4 F, Over CQ2 +43 F due

Design = 25 F
Over CQ1+49F Over CQ2 +15F due
to less CHP and CDP flow Jun 06 2022

80
5 Jun 22, 2:30 PM
i it to less CHP and CDP flow
70 Comp 2 : 0.000 I & N | 1 I i b
Comp 3 : 50.100 AV | | | 1 LAl , q A
— 60 Comp 4 : 49.900 A b i f l li 1 I | Ll WA Ii. l \ ] | | I b I I A T'L\-'h
o L """1” LTI L' L ' Y. 9 AN M ln AN L
e || \ VN I % " ¥ i 181 \ - A vl
T J 1 rq V.l P t'll | i i L d # | V) | | r Y '-_\ l '_II"I "' iy \ 1I‘l ‘“T ) 'IJ“I
3" Y W Ly IR " B m I‘ Wl
—_— ¥ |1 3 ‘q v
§4'3' r | M| F*1!9Jun22,11:45PM
@ l 7 Jun 22, 1:30 PM Comp 1 : 0.000 |
a 30 Comp 1 : 0.000 Comp 2 : 0.000 i ‘
g Comp 2 : 47.900 Comp 3 : 0.000
2 50 Comp 2 : 51.200 C.DWP 4 : 70.000
Comp 4 : 51.200 | |
10 | | ‘
g I l l ] { |

""""""""""""" Jun 10 2022 67

Jun 05 2022 Jun 06 2022 Jun 07 2022 Jun 08 2022



Typical Sequences — Chiller Plant

Add Chiller | swn ) Reduce Chiller (  sort ) Add Cooling  { sar )
4 Y

: - stem "
“~Enable = Op. 2 ‘ %,
RS £[1_a_ble- Op- _System

““Enable = Op-

Y

| Caleulate Chiller tota Y
Load [ Cateulate Chiller
4 Calculate Chiiler total 4
_LAC_HE,, Calcutate Chiller total |

'” - | : __f‘ad
Y — ¥

s % % _BIDTNS > CH- T
e i S mi - NFLA< (in-1L10)/n (et —
' "W g L 1 N = . Y L RCD-T > 5 :
False [ False False -

Y ‘ [ Y 5 false
) J

Condition = True Condition = True — Condition = True  — B y e
o Condition =True | ; '
. e | Condition=True |—

‘ Yes (delay 30 min) —
2 S Y Yes
< age <—Slagc: - N Reduce Chiller . | /

= M(x ' ‘ Add Cooling 1 Unit
?
Yes (dela'y 30 min) Y I ;i
Add Chiller ‘ End . '

Nao . End

End



£ August 31, 2020 - September 1. 2020 = Export CSV

- 31 Aug 20, 7:15 AM
Tevo Header : 47.840 |

——

—

= Tevo Header

\
& 31 Aug 20, 7:00 AM | § | | \ ’ \
Tevo Header : 45.140 | 1

Evaporator Water Temperature

01:00 A 03:00 A1 5:00 A 07:00 A 0%:00 A» 00 A 01:00 03:00 07:00 5:00 P 00
o /-\.,/r‘”rﬂ‘W/" R =
/ No-o-0-0g_o-0-¢
. ] ‘
v \
o g / LN
Wy macnine = A A St
© 31 Aug 20, 7:15AM \
3 Building Load mc.:oo‘ / B \ .y
=3 ° - Building Load
2 \
c
° ° 31 Aug 20, 7:00 AM / V
s 1 Bullding Load : 778.000
N »
¥y \
— 4 .\_./H b,
e e D . ooood
by F o o =
: e e U =
AN pp -
/ e S,
p| \
- ' 4 \
5 / \.
& /‘ kJ .M
© 31 Aug 20, 7:15AM - /
S . Building Load : 1410.000 | / >~ e
S 2 < Building Load
= J
€ \
b 31 Aug 20, 7:00 AM / '
5! 8ullding Load : 778.000
@
¥y \
/ .'.\ e
® 0000000 0 0-0-00-0-0-oo-t-ooooed
1.1
»
, &
— Tz °
S 0.9 - P
= 5 31 Aug 20, 9:15 AM
% o & ° ® (1850.000,0.790)
=03 . O o
o L]
S
=0
= . ., . folem . e » q.n_..-l,'
0.6 - . *
. =
0.5
400 800 800 1,000 1,200 400 600 1,800 2,000 2,200 2,400 2 2,800

Plant Load (Ton)



Power Consumption (kWh)

Building Load (Ton)

Load Profile (kWh vs. Tons)

250
F.__,\-_w
200 IW‘ L A | H"L
g \ nd v A
16 Apr 23, 11:30 AM 'ﬂ.l W) | ~
150 Actual : 199.383 ‘ ‘ | | |
| | |
100 W b
| ' '
\ |
50 | !
| |
50
Apr 15 2023 ApDr 16 2023 Apr 17 2023 AD B 2023
1,200
2 untts
1,000
16 Apr 23, 11:30 AM
800 CH Load : 1007.600
800
600
200 T untt
0

7 LUL D

M H""Jh]

— -
-

Apr 21 2023

70



- Load Profile (Tons vs. kW/ton)

16 Apr 23, 11:30 AM
CH Load : 1007.600

Building Load (Ton)

) Chiller 0.65 kW/ton (design), Component (0.15 — 0.20 kW/ton)
5 | Open and
é I_ 16 Apr 23, 11:30 AM ClOSed
E ’\J EE:.TSU: 60'5.' 544 ||‘| | ; ‘I !"1 1
i Pro——AJ )1 | — |
0.5 I T = i

Apr 15 2023 ApDr 16 2023 ADr 2023



THANK YOU !!

GET IN TOUCH WITH US

WEBPAGE ¥

https://www.ensol.co.th/

Take It Easy

for Energy Savings
in Your Commercial
Buildings and
Factories

ensol@ensol.co.th

LOCATION

25 The Pann Building 7th Floor,

Khlong Lam Chiak Road, Nawamin,

Bueng Kum,
Bangkok 10230 THAILAND

+66 2 943 9633-5

72
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