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Copyright Notice And Disclaimer 

 
 
 
Copyright Notice 
 
The content available on this report ("the report"), including but not limited to all text, 
graphics, drawings, diagrams, photographs and compilation of data or other materials 
are subject to copyright owned by the Government of the Hong Kong Special 
Administrative Region or other entities. Except as expressly permitted herein or where 
prior written authorization is obtained from the Electrical and Mechanical Services 
Department, any reproduction, adaptation, distribution, dissemination or making 
available of such copyright works to the public is strictly prohibited. 
 
Permission is granted for users to download the materials herein to store them in local 
computers, provided that this is solely for personal or non-commercial internal use, and 
provided further that this copyright notice is downloaded at the same time. Users 
should note that the above permission only applies to Government copyright materials. 
Where third party copyrights are involved, an appropriate notice will appear in this 
report. 
 
 
Disclaimer 
 
The information contained in this report is compiled by the Electrical and Mechanical 
Services Department of the Government of the Hong Kong Special Administrative 
Region ("the Government") for general information only. Whilst the Government 
endeavours to ensure the accuracy of this general information, no statement, 
representation, warranty or guarantee, express or implied, is given as to its accuracy or 
appropriateness for use in any particular circumstances. 
 
This report can also contain information contributed by others over whom, and in 
respect of which, the Government may have no influence. 
 
The Government is not responsible for any loss or damage whatsoever arising out of or 
in connection with any information in this report. The Government reserves the right to 
omit, suspend or edit all information compiled by the Government in this report at any 
time in its absolute discretion without giving any reason or prior notice. Users are 
responsible for making their own assessment of all information contained in this report 
and are advised to verify such information by making reference, for example, to original 
publications and obtaining independent advice before acting upon it. 
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Executive Summary 

EMSD actively supports applied researches in buildings with innovative 
technology, effectively promotes public awareness on carbon footprint reduction 
and building energy efficiency.  In 2015, Environmental Bureau, Hong Kong SAR 
Government published the Hong Kong Climate Change Report 2015. The report 
stated carbon intensity target should be reduced by around 30% at 2030 using 
2005 as the base, which is an ambitious goal.  The central air conditioning system 
accounts for 40%-60% of building energy consumption.  To achieve such 
assertive aim of carbon footprint reduction, more energy reduction techniques 
are focusing on central air conditioning system due to the fact that a few percent 
of electricity saving on the air conditioning system can yield a substantial amount 
of energy reduction. 

There are many challenges in seeking collaboration from clients to conduct 
product evaluation with collected data for a start-up company with limited 
resources.  The scale of the trial project is typically small and poses an 
unpredictable risk and extra implementation cost.  Given the strong support on 
the development of E&M start-up from EMSD, 33 Fan Coil Units in total have 
been installed with the “Fan Coil Unit Energy Saver” at EMSD Headquarters, 
Kowloon Bay. This Energy Saver is developed by a start-up company, Jacky 
Instruments Limited (JI), which adopted the technology for trial starting from 
September 2018.  The measurement was taken on July 2019.  

JI is an innovative development start-up company that offers solutions in the 
Heating Ventilation and Air Conditioning (HVAC) system to ease climate change 
and global warming.  The company was founded by a team of academics and 
research students of the City University of Hong Kong in 2015, under the support 
of Technology Start-up Support Scheme for Universities (TSSSU).   

EMSD provides a considerable amount of valuable advice from a user perspective.  
Powerpeg NSI Limited installs and collects the operational data in field tests.  The 
information obtained from the analysis is highly beneficial for products 
improvement.   
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Outline of Technology 

 

Fig. 1 Typical Fan Coil Unit HVAC System 

Fan Coil Unit (FCU) is a cooling heat exchanger in the HVAC system.  It is generally 
found in commercial and industrial buildings in Hong Kong and mainland China.  
This simple but robust device typically consists of a three-speed fan and a cooling 
coil, as depicted in Fig. 1.  It regulates the room temperature with the thermostat 
by either changing the fan speed or circulating chilled water into the cooling coil.  
Permanent Split Capacitor (PSC) Motor is widely installed in Conventional FCU 
due to structure simplicity and low cost.  The run capacitor Crun provides the 
required phase shift to start the motor.  It involves 3-taps windings for speed 
adjustment, which is effectively a voltage divider.  Energy is dissipated in motor 
due to lossy winding resistance.  The equivalent electrical circuit of PSC motor is 
illustrated in Fig. 2.   

 

Fig. 2 Electrical Circuit of Single-Phase 3-Speed Permanent Split Capacitor (PSC) Motor 
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On account of the electrical current flowing through to intrinsic resistances of fan 
motor winding, the efficiency of the motor running at low speed is typically low, 
resulting in undesirable heating effect for fan motor, degrading the bearing and 
malfunctioning the motor.  

 

 

Fig. 3 Simplified System Block Diagram – with Energy Saver 

To address the issue, “Fan Coil Unit Energy Saver”, a device that optimizes energy 
use in conventional FCU is invented.  Fig. 3 illustrates the simplified system block 
diagram between the fan coil unit, energy saver, and thermostat.  Instead of 
adjusting the speed using the voltage divider network as seen in Fig. 2, the speed 
of the motor is now adjusted by regulating the input power to the high-speed 
tap.  By using a semiconductor based switched-mode converter, the power loss 
associated with the intrinsic resistance can therefore be avoided.   

 

Fig. 4 Electrical Circuit Involves Switched-Mode Converter 

It effectively enhances motor efficiency during operation without any 
modification on the motor.  By retrofitting the buildings with “Fan Coil Unit 
Energy Saver”, the replacement of the existing AC motor is not required.  This 
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effort, and minimizes the impact to the environment.  The surface temperature 
of the motor will decrease substantially and increase the efficiency with the same 
output performance.   

 

Engineering Review 

Table I – Location of FCU Energy Saver installed in EMSD Headquarters 

FCU Type-N 
Manufacturer of  

Fan Coil Unit 
Location in EMSD Headquarters 

Quantity 

 
Nq  

Type-I Carrier 1/F Canteen 17 

Type-II Mcquay M/F Project Division Office 6 

Type-III Sinko 

G/F Learning Centre 2 

1/F Hubs Room 2 

7/F Meeting Room 6 

 

A total number of 33 locations in EMSD Headquarters, Kowloon Bay, are selected 
to install “Fan Coil Unit Energy Saver”.  Those FCUs fall  into three categories. 
FCU Type-I refers to the FCUs manufactured by Carrier. FCU Type-II refers to the 
FCUs produced by Mcquay.  FCU Type-III refers to Sinko FCU.  The quantity of 
each type of FCU and its corresponding installation location are summarized in 
Table I.  
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Details of Implemented Trials 

 

 

(a) 

 

(b) 

 

(c) 

Fig. 5 Test Sites: (a) Type-I FCU, Staff Canteen, 1/F, EMSD HQs (b) Type-II FCU, Warehouse of 

Project Division, M/F, EMSD HQs (c) Type-III FCU, Learning Resources Centre, G/F, EMSD HQs 

 

To validate the performance of the retrofitted FCU, three locations in EMSD 
Headquarters are selected to conduct measurement and verification.  The chosen 
sites are 1/F Canteen, M/F Project Division Office, and G/F Learning Centre.  Figs. 
5(a), (b) and (c) present the picture of the test locations. Pre-retrofitted and post-
retrofitted performance are recorded so as to carry out the measurement.  The 
M&V adopted retrofit-isolation: key parameters measurement methodology.  A 
flow meter is employed to determine the airflow, thereby ensuring the fan output 
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can maintain the same performance before and after the retrofits.  The metering 
specifications are specified in the appendix section. The steps of the measurement 
are listed as follows:  

• Step 0: Locate the Type-I FCU, turn off the FCU by switching the speed mode 
to “OFF” mode on the thermostat. The technician shuts down the power 
supply connecting to the FCU.  

• Step 1: Technician temporary disconnects the installed energy saver from the 
fan coil unit. 

• Step 2: Technician connects the JI Energy Saver Test Kit to the junction box 
of the fan coil unit. 

• Step 3: Investigator switches to Normal Mode (Energy Saver Disabled) on JI 
Energy Saver Test Kit.  Turn on the FCU system by switching the thermostat 
to High-Speed Mode.  Wait for five minutes to assure the system has reached 
steady state.  Record the power and current harmonic distortion (THDi) 
values from the Schneider Power Meter. 

• Step 4: Investigator identifies the air supply duct. Locate the centre point of 
air supply duct, and measures the airflow at a distance of 2 centimetres (cm) 
from the air supply duct using anemometer. 

• Step 5: Repeat step 3 and 4 applying Medium-Speed Mode and Low-Speed 
Mode. 

• Step 6: Turn off the FCU by switching the speed mode to “OFF” mode on 
thermostat. 

• Step 7: Investigator switches to Saving Mode (Energy Saver Enabled) on JI 
Energy Saver Test Kit using High-Speed Mode.  Wait for FIVE minutes to 
secure the system reaching a steady state.  Record power and current total 
harmonic distortion values from the Schneider PowerLogic PM8240 Power 
Meter.  

• Step 8: Investigator locates the centre point of air supply duct, and measures 
the airflow at a distance of 2cm from the air supply duct using anemometer. 

• Step 9: Repeat step 7 and 8 adopting Medium-Speed Mode and Low-Speed 
Mode. 

• Step 10: Turn off the FCU by switching the speed mode to “OFF” mode on 
the thermostat. Technician shuts down the power supply connecting to the 
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FCU.   

• Step 11: Technician disconnects the JI Energy Saver Test Kit to the junction 
box of the fan coil unit. 

• Step 12: Technician restores the electrical connection of the installed energy 
saver from the fan coil unit. 

• Step 13: Repeat step 0 to step 12 by measuring remaining Type-II and Type-
III FCU system 

 

Measurement & Verification Results 

(i) Electrical Performance – Power Consumption 

The bar charts in Figs 6(a), (b) and (c) give the information on the power 
consumption of FCU before and after the retrofitting.  Each power consumption 
in high-speed, medium-speed, and low-speed are recorded.  In Fig 6(a), the 
energy saver with Type-I FCU saves 1W, 4W, and 10W, respectively.  The 
maximum percentage of saving is 20% at low-speed.  As reflected in Fig 6(b), 
the energy saver with Type-II FCU saves 1W, 30W, and 44W, respectively.  The 
maximum percentage of saving is 44% at low-speed.  Fig 6(c) reveals that the 
energy saver with Type-III FCU saves 1W, 13W, and 25W respectively.  The 
maximum percentage of saving is 35% at low-speed.  The results indicate that 
the energy saver is capable of saving energy on FCU system, especially notable in 
medium-speed and low-speed scenarios.    

 

 

(a) 

 

(b) 
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(c) 

Fig. 6 Power Consumption of FCU – Before and after retrofitting: (a) Type-I FCU, Staff 

Canteen, 1/F, EMSD HQs (b) Type-II FCU, Warehouse of Project Division, M/F, EMSD HQs (c) 

Type-III FCU, Learning Resources Centre, G/F, EMSD HQs 

 

(ii) Electrical Performance – Current Harmonic Distortion THDi 

The bar charts in Figs 7(a), (b) and (c) compare the current harmonic distortion 
THDi performance of FCU before and after the retrofitting.  Each THDi 
performance in high-speed, medium-speed, and low-speed are recorded.  In Fig 
7(a), the energy saver with Type-I FCU increases THDi by 0.22%, 0.97%, and 
0.88%, respectively.   

 

(a) 

 

(b) 
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(c) 

Fig. 7 THDi – Before and after retrofitting: (a) Type-I FCU, Staff Canteen, 1/F, EMSD HQs (b) 

Type-II FCU, Warehouse of Project Division, M/F, EMSD HQs (c) Type-III FCU, Learning 

Resources Centre, G/F, EMSD HQs 

 

As shown in Fig 7(b), the energy saver with Type-II FCU increases THDi by 0.07% 
at high-speed but decreases THDi by 2.08% at medium-speed and 12.54% at 
low-speed.  The Type-III FCU reveals similar properties.  Fig 7(c) reflects the energy 
saver with Type-III FCU increases THDi by 0.22% at high-speed but decreases 
THDi by 1.09% at medium-speed and 3.42% at low-speed.  It shows that the 
introduction of energy saver adequately suppress the current harmonic distortion 
in medium-speed and low-speed with Type-II and Type-III FCU despite the slight 
increase in the current harmonic distortion.  It has no major impact on the power 
quality at high-speed and in most of the cases, the introduction of energy saver 
improves the power quality by suppressing the current harmonic distortion.   
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(iii) Airflow Performance  

 

 

(a) 

 

(b) 

 

(c) 

Fig. 8 Airflow of FCU – Before and after retrofitting: (a) Type-I FCU, Staff Canteen, 1/F, EMSD 

HQs (b) Type-II FCU, Warehouse of Project Division, M/F, EMSD HQs (c) Type-III FCU, Learning 

Resources Centre, G/F, EMSD HQs 

 

The bar charts in Figs 8(a), (b) and (c) represent the airflow performance of FCU 
before and after the retrofitting.  Each airflow performance in high-speed, 
medium-speed, and low-speed are recorded employing anemometer.  In Fig 8(a), 
the energy saver with Type-I FCU slightly decreases the airflow by 0.1 ms-1 at 
high-speed and medium-speed conditions.  Compared to the traditional mode, 
the airflow at low-speed with energy saver is decreased by 0.6 ms-1, it accounts 
for 20% variation.  As seen in Fig 8(b), the energy saver with Type-II FCU shows 
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consistent airflow performance at high-speed and medium-speed conditions.  At 
low-speed, the airflow is slightly dropped by 0.1 ms-1.  In Fig 8(c), the energy 
saver with Type-III FCU illustrates consistent airflow performance at high-speed 
and medium-speed conditions.  At low-speed, the airflow is slightly increased by 
0.1 ms-1.   

It shows that the introduction of energy saver maintains the airflow and have no 
influential alter in actual airflow.   

 

(iv) Saving Projection  

The quantity of Type-I, Type-II and Type-III FCU is descripted with a row matrix Q   

 1 2 3Q q q q
 

where 1q  , 2q  and 3q  is 17, 6, 10, respectively.  The saving projection is based on 
24x7 operating hours.   

The energy saving on Type-N FCU per unit per year, 

, , ,365 24H N Yearly H Ne P  
 

, , ,365 24M N Yearly M Ne P  
 

, , ,365 24L N Yearly L Ne P  
 

, , , , , , , ,max( , , )Max N Yearly H N Yearly M N Yearly L N Yearlye e e e
 

,H NP
 is the saved power running in high-speed with Type-N FCU  

,M NP
 is the saved power running in medium-speed with Type-N FCU  

,L NP
 is the saved power running in low-speed with Type-N FCU  

For Type-I FCU,  

 , 1H IP 
 , , 8.76H I Yearlye 

kWh 
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, 4M IP 
 , , 35.04M I Yearlye 

kWh 

, 10L IP 
 , , 87.600L I Yearlye 

kWh 

For Type-II FCU,  

 , 1H IIP 
 , , 8.76H II Yearlye 

kWh 

, 30M IIP 
 , , 262.8M II Yearlye 

kWh 

, 44L IIP 
 , , 385.44L II Yearlye 

kWh 

For Type-III FCU,  

 , 1H IIIP 
 , , 8.76H III Yearlye 

kWh 

, 13M IIIP 
 , , 113.880M III Yearlye 

kWh 

, 25L IIIP 
 , , 219L III Yearlye 

kWh 

The total amount of energy saved per year,  

3

, , ,
1

[ ]H Yearly H N Yearly N
N

E e q


 
 

3

, , ,
1

[ ]M Yearly M N Yearly N
N

E e q


 
 

3

, , ,
1

[ ]L Yearly L N Yearly N
N

E e q


 
 

where ,H YearlyE
 is the total amount of energy saved during a year by fixing the fan 

speed to high.  ,M YearlyE
 is the total amount of energy saved during a year by fixing 

the fan speed to medium.  ,L YearlyE
 is the total amount of energy saved during a 

year by fixing the fan speed to low. 

, 289.08H YearlyE 
kWh 
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, 3311.28M YearlyE 
kWh 

, 5991.84M YearlyE 
kWh 

Assume that 1kWh costs HK$1.1, the amounts of payback for a year is 
HK$317.98, HK$3642.40 and HK$6591.02, respectively.  The average is 
$3517.13.  The maximum total energy saving per year is, 

, , , ,

,

max( , , )

5991.84

Max Yearly H Yearly M Yearly L Yearly

Max Yearly

E E E E

E



  

According to CLP in 2017, the carbon emission factor 0.51K   kg CO2e per unit 
kWh, the reduction of CO2e emissions carbon per year is, 

Max. CO2 reduction per year  = ,Max YearlyE K
  

= 3055.84 kg CO2e  

Assume the CO2 removal factor of planted tree is 23 kg/tree/year, it is equivalent 
to 132.83 trees per year.  

 

Conclusion 

This report presents a review on the performance of fan coil unit energy saver, 
which can effectively reduce the energy consumption of the fan coil unit under 
medium-speed and low-speed conditions.  The invented devices have been 
evaluated on three types of fan coil unit installed in EMSD headquarters.  The 
field test results found that the energy saver not only helps to reduce the power 
consumption but also suppress current harmonic distortion under medium-speed 
and low-speed conditions.  Under low-speed conditions, energy saver reduces 
energy consumption by up to 44%.  The airflow test results disclose that reducing 
power consumption has no essential side-effect on the airflow.  The airflow is 
maintained at a reasonable level after the retrofit.  The saving projection is also 
presented.  

The installation is simple in spite of its saving applied to FCUs.  The energy savers 
are only installed between existing FCUs and thermostats.  Motor replacement is 
not needed.  Henceforth, extra wastage disposal would be created. 
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- END OF REPORT - 

 

Boundary Crossing Facilities & Transport Services Division 

Electrical & Mechanical Services Department 

29 June 2020 
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Appendix 

JI Energy Saver Test Kit 

 

 

 

 

 

Schneider PowerLogic PM8240 
Power Meter 

J.I. Energy Saver 

Mode Changeover Switch 
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Lutron AM-4204 Hot Wire Anemometer 
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Schneider PowerLogic PM8240 Power Meter Specification (Abstracted) 

Measurement Accuracy 

+/- 0.2 % active energy 

+/- 0.1 % voltage 

+/- 0.1 % current 

Accuracy Class 

Class 0.2 (active energy according to ANSI C12.20) 

Class 0.2S (active energy according to IEC 62053-22) 

Class 0.2 (active power according to IEC 61557-12) 

Class 0.5S (reactive energy according to IEC 62053-24) 

Class 0.5 (power factor according to IEC 61557-12) 

Class 0.2 (voltage according to IEC 61557-12) 

Class 0.2 (current according to IEC 61557-12) 

Safety Construction 

IEC 61010-1 : CAT III, 400...690 V ed. 3 

EN 61010-1 : CAT III, 400...690 V ed. 3 

UL 61010-1 : CAT III, 347...600 V ed. 3 

CSA C22.2 No 61010-1 : CAT III, 347...600 V ed. 3 

Standards 

IEC 61557-12 

IEC 62053-22 

IEC 62052-11 

IEC 62053-24 

Product Certifications 

N998 

China RoHS 

CULus 

CE 

 

Please refer to METSEPM8240 product data sheet for the detailed characteristic of the meter, 

https://www.schneider-electric.com/en/product/download-pdf/METSEPM8240 
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Lutron AM-4204 Hot Wire Anemometer Specification (Abstracted) 

 

 

Please refer to Lutron AM-4204 Hot Wire Anemometer product data sheet for the detailed 

characteristic of the flow meter, 

https://docs-apac.rs-online.com/webdocs/162e/0900766b8162e9b0.pdf 

 

Definition of Current Harmonic Distortion THDi  

2
2 2 2 2
2 3 1 2

1 1

...
100% 100%

n

k
n n k

i

I
I I I I

THD
I I

    
   


 

where nI  is the RMS current of the n -th harmonic, and 1n   is the fundamental 

frequency 

 

ELECTRICAL SPECIFICATIONS ( 23±5°C ) 
Measurement Range Resolution Accuracy 

m/s 0.2 - 20.0 m/s 0.1 m/s 

± ( 5 % + 1 d ) reading 
or 

± ( 1 % + 1 d ) full scale 
* Depend on which is larger. 

km/h 0.7 - 72.0 km/h 0.1 km/h 

ft/min 40 - 3940 
ft/min 1 ft/min 

mile/h 0.5 - 44.7 
mile/h 0.1 mile/h 

knots 0.4 - 38.8 knots 0.1 knots 
Temperature ( °C ) 0 °C to 50 °C 0.1 °C ± 0.8 °C 
Temperature ( °F ) 32 °F to 122 °F 0.1 °F ± 1.5 °F 


