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Agenda

• 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

• USA Retuning process

• Smart chiller and CPMS Examples 
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▪ พฒันาระบบวนิิจฉยัระบบปรบัอากาศแบบอตัโนมตัดิว้ย AI platform 
▪ พฒันาระบบ IoT and Monitoring based Commissioning (MBCx) for all 

type HVAC systems  
Projects
▪ การพฒันากระบวนการและแนวทางการสรา้งมาตรฐานการใชง้านระบบอาคาร

อตัโนมตัสิ าหรบัการประหยดัพลงังานระบบปรบัอากาศและระบายอากาศ ดว้ย 
EMIS tool – ระยะที ่1 ทุน กฟผ – สกว ปี 2562 – 2563

▪ ASHRAE RP 1615 – Fault Diagnostics for supermarket systems (USA)
▪ ASHRAE RP 1486 – Fault diagnostics for a chiller system (USA vs. 

THA)
▪ ไอโอทีแพลตฟอรม์อจัฉรยิะส าหรบัระบบควบคุมของระบบปรบัอากาศหลาย

เคร ือ่งส าหรบัอาคารพาณิชยข์นาดเล็กถงึกลาง (Control)
▪ ระบบควบคุมเพื่อการฟ้ืนฟูประสิทธิภาพระบบปรบัอากาศขนาดใหญ่แบบ

อตัโนมตั ิ(Control)
▪ ตน้แบบอาคารอจัฉรยิะเพือ่การวนิิจฉัยความผดิปกตขิองระบบชลิเลอรอ์ตัโนมตั ิ

(Diagnostics)
▪ การพฒันามาตรฐานการคอมมชิชนัน่ิงดว้ยระบบตรวจวดั (Monitoring for 

Commissioning (Cx))
▪ การออกแบบมาตรฐานระบบวนิิจฉัยความผดิพลาดระบบปรบัอากาศและระบาย

อากาศ (Diagnostics standard)
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SECTION 1
What are smart HVAC machines in the U.S.?
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Lab Demonstration – UNL Nebraska 

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. 5



Rooftop Unit Data Points
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Smart Retail and Supermarkets (algorithm)

∙∙∙∙∙∙

Data Exchange Carrier
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Data Exchange Carrier Data Exchange Carrier
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Virtual Sensing & Modeling Technology

Auto. Data calibration/Fusion/Data mining

Diagnostics, Soft-repair & control

Non-invasive, Low-Cost and Plug-n-Play Solutions
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Automated fault detection and diagnostics (AFDD)  
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1. Big data Platform of machines

2 Low cost virtual sensors or monitoring 

3. Automated machine diagnostic  

4. Deploy and solving 

5. Evaluate cost savings (investment 150,000 USD, get 
savings 3.8 MUSD, (5% - 15% savings by average))

Smart Retail and Supermarkets (algorithm)
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Deployment examples – faulty sensors and operations 

1. HVAC systems (Rooftop units and 
dehumidification unit)

2. Data of refrigeration from the remote system
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Deployment examples – fault diagnostic categories 
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SECTION 2
Chiller Fault and Fault-free Data – Lab Development (Purdue 
University Indiana & UNL Nebraska )
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13
ASHRAE standard 147
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14
Chiller Fault and Fault-free Data – Lab 
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15
Manufacturers’ Data 

Thai Database

USA Database 15



16
Typical fault development 
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SECTION 3
BMS Market in the world
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[1] Global Market Insights, Inc. 
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Global Market Insights, Inc. 

RS485 control –
software 

IP controller –
software as a service

Green building – since 2015 in Thailand

BMS  evolution 
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CPMS, BAS, EMS and BEMS (Thailand) 

Data on Cloud
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Technologies 

▪ Schedule control of central plant system

▪ Optimal control for thermal comfort ตาม
มาตรฐานอาคาร (temperature, pressure and 
flow rate)

▪ Variable speed control (VSD)

▪ Occupant-based control ควบคมุการเปิดปิด
ไฟฟ้า

▪ การใชร้ะบบการจดัพลงังานควบคมุระบบแสง
สวา่ง 

การใชง้าน BAS ในตา่งประเทศ 

[2] CC Cheng, D. Lee. Return on investment of building energy management system: A review. International 
Journal of Energy Research 42 (2018); 4034–4053.
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CPMS, BAS, EMS and BEMS (Thailand) 

BMS ประกอบดว้ย 4 levels จาก 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.g. Trane แยก 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



BAS function for HVAC control

“Traditional BAS are 
not designed to 

explicitly optimize 
building operations 

and minimize 
energy 

consumption”
Source: Pacific Northwest 

National Laboratory

Source: Pacific Northwest National Laboratory 23



EMIS (Energy management information system) vs. BAS 

EMIS tool performance and functions 

❑ Automated fault detection and diagnostics

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



EMIS (Energy management information system) vs. BMS 

EMIS – Monitoring based 
commissioning (MBCx) 
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EMIS – System Monitoring, Diagnostic and Control 

Database & Server

MBCx phase 1 – Data configuration with 
CPM data interface 

MBCx phase 2 – AFDD design and 
Implementation 

MBCx phase 3 – Automated Repair by smart 
controller 
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EMIS Tool – Monitoring based Commissioning  
27

Commercialization
EMIS includes: Advanced EIS (EE fault alarm)
Rule-based fault detection and diagnostics  

Excluded: Optimization Control
27



SECTION 4
Analytic Tool (Fault Alarm) Market in Thailand 
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Smart Chiller - Carrier

29



Smart Chiller - Carrier
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Smart Chiller Plant – JEM Solution
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Smart Chiller Plant – JEM Solution
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Smart Chiller Plant – JEDI
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Smart Chiller Plant – JEDI
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Smart Chiller Plant – Azbil
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Smart Chiller Plant – Azbil
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Smart Chiller Plant – Azbil

37



Smart Chiller Plant – BBP Sg
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SECTION 5
Analysis Problem Examples
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Power Analysis 
40

Parameters ไมค่รอบคลุมการวเิคราะหก์ารสิน้เปลอืงพลงังาน

Baseline energy เป็นคา่เฉลีย่ทีร่วม faults ในระบบ 



System Improvement - Standalone
41

ปรับปรุงระบบ cooling tower pump โดยไม่ค ำนึงควำมเสียหำยที่เกดิขึน้ในระบบ เช่น 
indoor relative humidity 



Demonstration Tool 
42

กำรใช้งำน ไม่ได้จับคู่ตวัช้ีวดัเทียบกบักำรตรวจวดัค่ำตวัแปรที่เหมำะสม เช่น กำรเกดิ peak และ kW/ton ไม่สอดคล้องกนั 



Demonstration Tool 
43

GUI (Graphical user interface) ไม่ได้แสดงถึงปัญหำที่
เกดิขึน้ จ ำเป็นต้องมผีู้เช่ียวชำญน ำข้อมูลมำท ำกำร

วเิครำะห์อกีที



Main data problems
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Main data problems
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SECTION 6
USA Retuning process
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Retuning process (the development from field test data)
47
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• Re-tuning is implemented by leveraging 
information from BAS

• Cost of implementation is significantly lower 
than retro-commissioning

• Because re-tuning costs a fraction of retro-
commissioning, it can be periodically done to 
ensure persistenceSource: PNNL

Retuning process and steps (using data from BAS)
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Retuning process and steps (using data from BAS)
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1. การศกึษาและวเิคราะห ์CPMS PNNL guide 
• การ reset chilled water set-point 
• การปรบัคา่ Tevo set-point 
• การปรบัตัง้คา่ pressure set-point 

2. การศกึษาและวเิคราะห ์AHU PNNL guide
• การศกึษา AHU Minimum Outdoor Air 

Operation
• การศกึษา AHU Discharge-Air Temperature 

Control
• การศกึษา AHU Static Pressure Control

Retuning process and steps (examples)

3. การศกึษาและวเิคราะห ์Zone PNNL guide 
• Setback set-point ชว่งการท างานกลางคนื

หรอือาคารปิด
• การตรวจสอบ simultaneous cooling และ 

heating
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Retuning process and steps (examples)

การศกึษาและวเิคราะห ์CPMS PNNL guide 
• การ reset chilled water set-point 
• การปรบัคา่ Tevo set-point 
• การปรบัตัง้คา่ pressure set-point 
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Retuning process and steps (examples)

Cooling coil valve – 75 – 90%
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Retuning process and steps (examples)

Chilled water temperature difference ไม่ควรต ่ากวา่คา่ 8 F หากการตัง้คา่ Tevo ต ่า
เกนิไปในกรณีทีอ่ณุหภมูอิากาศภายนอกต ่ากวา่ปกต ิ

ควร reset ค่า44 F ลต่างอุณหภูมนิ ้าเย็นทีเ่หมาะสมเพิม่ค่าอุณหภูม ิTevo เพือ่ไม่ท าใหค้่าผลต่าง
น า้เย็นต ่ากวา่ปกตจินเกดิ low delta T syndrome
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Retuning process and steps (examples)

-Bad operation พบว่าค่าการตัง้ความดนัของระบบ CPMS (Ploop_st) คงทีใ่นขณะที่ CC_signal นอ้ยกว่า
50% 
-ท าการ reset pressure loop set-point ใหต้ ่าลงเพือ่เพิม่ค่า CC_signal มากกว่า 90% - 100% โดยการ 
reset set-point ลดจาก 10 psi เหลอื 2.5 psi ท าใหล้ดค่าไฟฟ้าระบบปั๊ม และท าใหค้่า CC_signal เพิม่ขึน้มา
ตามเกณฑก์ารแนะน า

54



SECTION 7
Smart chiller and CPMS Examples 
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EMIS – System Monitoring, Diagnostic and Control 

Database & Server

MBCx phase 1 – Data configuration with 
CPM data interface 

MBCx phase 2 – AFDD design and 
Implementation 

MBCx phase 3 – Automated Repair by smart 
controller 
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Data Storage Examples
57



Automated fault diagnostics and recommendation 

EMIS function (AFDD) to avoid:
F1: reduce evaporator water temperature flow-rate 
F2: reduce condenser water temperature flow-rate 
F3: low delta T syndrome 
F4: condensing fouling 
F5: refrigerant overcharge 
F6: refrigerant undercharge 
F7: non-condensable gas 
F8: surge 
F9: outlier chiller startup
F10: insufficient chiller load 
F11: improper CHP control 
F12: faulty CPM sensor 
F13: Chiller load loss 
F14: too low chilled water return temperature 
F15: air-side short circuit  
F16: non-thermal comfort 
F17: wrong CAV control valve 
F18: too high supply air temperature of a AHU
F19: too low supply air temperature of a AHU
F20: air zone condensation 

Automated Diagnostic identifies potential root causes

TIE – EMIS software 

Typical CPM control 

Retuning CHP VSD
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Smart Chiller Diagnostics – Haier
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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 
differences (CQ1)

Low delta T syndrome and too high chilled 
water pump (CHP) flow-rate 

Too low condenser water temperature 
differences (CQ2)

Low delta T syndrome and too high 
condensing water pump (CDP) flow-rate

Too high evaporator water temperature 
differences

Too low chilled water pump flow-rate

Too high condenser water temperature 
differences

Too low condensing water pump flow-rate

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)
60



Offline Diagnostic Platform (B.1) 

Excessive Energy - 35.5% from insufficient load 
Solve by increasing CHP pump or increase set-point to 47 F instead of 45.5 F  
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Offline Diagnostic Platform (B.1) 

Unbalance CQ1 and CQ2 to increase cooling load 
Solve by increasing CHP pump and reducing CDP pump 
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Offline Diagnostic Platform (B.2) 

Unbalance 
Chiller 1 and 2;

increase cooling 
load 

Solved by 
increasing CHP 
pump and 
reducing CDP 
pump 
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Offline Diagnostic Platform (B.2) 

Too low set-point – over power 5%
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Offline Diagnostic Platform (B.2) 

Too high return evaporator 
temperature – too low CHP and CDP

65



Offline Diagnostic Platform (B.2) 

Too high outlet evaporator 
temperature – too low CHP and CDP 
and increase set-point

66



Load 25.0% - CQ1 = 7.4 F, CQ2 = 4.0 F
Design = 2.5 F
Over CQ1+4.9 F, Over CQ2 +1.5 F  due 
to less CHP and CDP flow

Load 17.5% - CQ1 = 6.1F, CQ2 = 2.9 F
Design = 1.75 F
Over CQ1+4.35 F, Over CQ2 +1.15 F  due 
to less CHP and CDP flow

Load 37.8% - CQ1 = 12.2 F, CQ2 = 8.1 F
Design = 3.8 F
Over CQ1+8.4 F, Over CQ2 +4.3 F  due 
to less CHP and CDP flow

Load Balance Diagnostics
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Typical Sequences – Chiller Plant
68
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Go-to-Market Plan
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การตรวจสอบ
แบบ machine 
learning 



Load Profile (kWh vs. Tons)
70

2 units

1 unit
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Load Profile (Tons vs. kW/ton)
71

Chiller 0.65 kW/ton (design), Component (0.15 – 0.20 kW/ton)

Open and 
closed
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THANK YOU !! 
GET IN TOUCH WITH US

WEBPAGE

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

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

Take It Easy
for Energy Savings
in Your Commercial 
Buildings and 
Factories
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