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Category Information
Customer related 
information

Unique identifier for a 
Customer (Customer ID) 

Consumption data 
Decreased energy (kWh)
Duration of loading
operation (start or end)  

(Optional)
information on 
behalf of charging 
process

Battery charge profile 
(power profile)
Information for charging
control
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UPGRADING OF THE GRADING STANDARD
UNDER THE MANDATORY ENERGY EFFICIENCY 

LABELLING SCHEME

Ir S.C. Wong, Chief Engineer
Ir Y.K. Chan, Senior Engineer

Ir C.Y. Shum, Engineer
Electrical & Mechanical Services Department 

The Government of the HKSAR

ABSTRACT

Significant energy savings could be achieved by 
using more energy-efficient appliances, which 
would help reduce the emission of greenhouse 
gases and other air pollutants from power 
plants. In Hong Kong, the Mandatory Energy 
Efficiency Labelling Scheme (MEELS) was 
introduced through the Energy Efficiency 
(Labelling of Products) Ordinance (Cap. 598) 
(EELPO) which was enacted in May 2008. 
Under the EELPO, energy labels are required to 
be shown on all prescribed products for supply 
in Hong Kong to inform consumers of their 
energy efficiency performance. The MEELS 
currently covers five types of prescribed 
products, namely room air conditioners, 
refrigerating appliances, compact fluorescent 
lamps, washing machines and dehumidifiers, 
altogether accounting for about 60% of the 
annual electricity consumption in the residential 
sector. Under the EELPO, a Code of Practice on 
Energy Labelling of Products (CoP) is issued to 
set out the practical guidance and technical 
details in respect of the requirements on energy 
labelling for the prescribed products. This paper 
briefly introduces the MEELS and outlines the 
upgrading of the grading standard for room air 
conditioners, refrigerating appliances and 
washing machines under the MEELS.

energy efficiency grading for the 
prescribed products. Under the EELPO, 
energy labels are required to be shown 
on all prescribed products for supply in 
Hong Kong to inform consumers of their 
energy efficiency performance. EMSD 
maintains a dedicated website at http://
www.energylabel.emsd.gov.hk, namely 
“Energy Label Net”, for the MEELS 
(Figure 1), in which its most current 
information including the latest news, 
information of product models, CoP, 
forms, circulars, publicity materials, etc. 
can be found.

1. INTRODUCTION

The MEELS establishes the technical 
requirements and determination of the

Figure 1   Snapshot of the MEELS Website

The MEELS was implemented in phases. 
The initial and second phases were fully 
implemented on 9 November 2009 and 19 
September 2011 respectively, covering five 
types of prescribed products, namely room 
air conditioners, refrigerating appliances, 
compact fluorescent lamps, washing 
machines and dehumidifiers.
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Upgrading of the Grading Standard under the Mandatory Energy Efficiency Labelling Scheme

2. MEELS SCOPE OF COVERAGE

2.1    ROOM AIR CONDITIONERS

It includes non-ducted and air-cooled 
single package type (or window type) and 
single split type room air conditioners 
that operate by using vapour compression 
cycle with a rated cooling capacity not 
exceeding 7.5 kiloWatts.

2.2    REFRIGERATING APPLIANCES 

It includes refrigerators, frozen food 
storage cabinets, food freezers and their 
combinations that operate by using vapour 
compression cycle with a rated total 
storage volume not exceeding 500 litres.

Similar to most of the overseas 
mandatory energy efficiency labelling 
schemes, the MEELS in Hong Kong 
operates on the basis of a self-testing 
system under which manufacturers or 
importers of the prescribed products 
are required to conduct tests in 
accredited testing laboratories (Figure 
2). The testing laboratories include 
accredited laboratory under the Hong 
Kong Laboratory Accreditation Scheme 
(HOKLAS) or under an accreditation 
scheme operated by a laboratory 
accreditation body in other economies 
with which HOKLAS has concluded a 
mutual recognition arrangement (MRA). 
The tests must be carried out in 
accordance with the CoP issued under 
the EELPO (Figure 3).

3. MEELS LABELLING
REQUIREMENTS

3.1     ENERGY PERFORMANCE TESTING 

Figure 2   Energy Performance Testing

Currently, the MEELS covers five types
of prescribed products with the following
scope of coverage:

2.3    COMPACT FLUORESCENT LAMPS 
         (CFLs)

It includes integrated type CFLs with 
screw or bayonet cap that have rated lamp 
wattage up to 60 Watts.

2.4    WASHING MACHINES

It includes horizontal axis type and 
vertical axis type washing machines with 
or without built-in dryers that have a rated 
washing capacity not exceeding 7 
kilograms.

2.5    DEHUMIDIFIERS

It includes self-contained dehumidifiers 
that operate by using vapour compression 
cycle with a rated dehumidifying capacity 
not exceeding 35 litres per day.

These five prescribed products altogether 
account for about 60% of the annual 
electricity consumption in the residential 
sector.
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Figure 3  CoP (2010 Edition)

3.2     SUBMISSION OF PRODUCT

The manufacturers or importers of the 
prescribed products shall submit Form 1 
(Figure 4), test report and associated 
product information to EMSD for 
assignment of reference number for the 
product model.

If the Director of Electrical and 
Mechanical Services is satisfied with the 
information submitted, he will issue a 
letter of notification informing the 
manufacturers or importers of the 
reference number assigned to the product 
model concerned. The manufacturers or 
importers are required to attach energy 
labels in the prescribed formats (Figure 
5) specified in the EELPO before
supplying these products in Hong Kong. 
All local suppliers (including 
wholesalers and retailers) cannot supply 
the specified products which do not bear 
the energy labels.

Figure 5 Energy Label Sample

As at the end of July 2015, over 6,800 
product models have been listed under 
the MEELS. Consumers can check the 
information of these product models in 
the Energy Label Net (Figure 6).

The CoP provides practical guidance and 
technical details about the energy 
efficiency labelling for the prescribed 
products. It specifies the relevant test 
standards, calculation methods and 
determination of energy efficiency grading 
levels of prescribed products, in 
accordance with which the energy 
efficiency performance of the product 
models are tested and assessed.

INFORMATION

Figure 4   Form 1

Figure 6 Information of Listed Models
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Since  the  launch  of  the  MEELS, 
the  MEELS has been effective in -

promoting  energy  saving  by 
informing  potential  customers 
of  the  energy  performance  level 
of  the  products  and  facilitating 
customers  in  choosing  the  more 
energy- efficient models;

encouraging  product  suppliers  
to  make  available  more  energy- 
efficient  products  to  meet  
customers’ demand; and

increasing  the  penetration  rate 
of  energy  labels  through  the 
introduction  of  legislation  to 
mandate  the  display  of  energy 
labels.

The first two phases of the MEELS 
which cover five types of electrical 
products contribute to an annual saving 
in electricity of about 175 million 
kilowatt-hour (kWh) and an annual 
reduction of carbon dioxide emissions 
by about 122,500 tonnes.

A review of the grading standards of
room air conditioners, refrigerating
appliances and washing machines was
completed in late 2014.  In reviewing
the grading standards of these products,
due regard has been given to such
factors as the distribution of the
appliances among various existing
grades; grading systems adopted
overseas; development of testing
standards; technological development
and potential energy savings arising
from further t ightening of the grading
standards, etc.   The energy efficiency

grading standards of the three products 
has been tightened and promulgated 
through issuance of a revised CoP 
(Figure 7).  The revised CoP was 
published in gazette in October 2014.  
Full implementation will take place in 
November 2015, after which the three 
products to be supplied into the market 
must bear energy labels under the new 
energy efficiency grading standards.

To give an overview, the new grading 
standards for room air conditioners, 
refrigerating appliances and washing 
machines under the MEELS are briefly 
outlined below.

With increasing application of inverter 
technology in air conditioning in recent 
years, it allows inverter air conditioners to 
operate at part-load in response to room air 
temperature.  In accordance with the revised 
CoP, Cooling Seasonal Performance 
Factor (CSPF)(1) is adopted to measure 
the energy efficiency performance of a 
room air conditioner and  determine its 
energy efficiency grade in order to take

(a)

(b)

(c)

4. REVIEW OF GRADING
STANDARDS

Figure 7   Revised CoP (2014 Edition)

4.1     ROOM AIR CONDITIONERS
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into account part-load performance of 
inverter air conditioners. The CSPF is 
briefly defined as “the total cooling 
output during a typical cooling season 
divided by the total energy consumption 
during the same period” and is calculated 
as follows:

Figure 8     Relationship between ISO 5151 and 
  ISO 16358-1

The room air conditioner is tested in 
accordance with ISO 5151(2)  and ISO 
16358-1(3). The relationship between ISO 
5151 and ISO 16358-1, and the workflow 
of measurement and calculation for CSPF 
is diagrammatically shown below (Figure 
8).

The calculation of the CSPF is 
determined in accordance with the 
method specified in ISO 16358-1 as 
well as the following defined cooling 
load and outdoor temperature bin 
distribution for cooling:

Table 2   Outdoor Temperature Bin 
 Distribution for Cooling

For determination of CSPF, the following 
minimum test points for different types of 
room air conditioners are required in 
accordance with ISO 16358-1:

Fixed capacity room air conditioners 
- one test point at full load

Inverter room air conditioners - two 
test points, one at full load and one at 
50% full load

•  

•

Table 1    Defined Cooling Load

After calculation of the CSPF, the energy 
efficiency grade of the tested room air 
conditioner is determined according to the 
following table:

CSPF = _____________________________
Cooling Seasonal Energy Consumption

Cooling Seasonal Total Load

Parameter Zero Load Full Load

Cooling Load

Outdoor Temperature (oC)

0%        100%

23           25

Bin no. Outdoor
temperature (oC)

Bin hours
(hour)

1

2

3

4

5

6

7

8

9

10

11

12

13

Total

24

25

26

27

28

29

30

31

32

33

34

35

36

--

67

117

147

177

210

183

114

75

56

33

15

5

1

1,200
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Table 3   Energy Efficiency Grading for
 Room Air Conditioner

Under the MEELS, refrigerating 
appliances are classified into eight 
categories. The following parameters 
are measured in the test in accordance 
with IEC 62552 (4 ):

4.3 WASHING MACHINES

Under the MEELS, washing machines are 
classified into two categories and tested 
in accordance with the following 
standards:

- IEC 60456(5) for horizontal  axis 
type washing machine 

- JIS C 9606 (6 )   for vertical axis 
type washing machine

4.2      REFRIGERATING APPLIANCES

-  Storage temperatures of compartments
-  Storage volumes of compartments
-  Energy consumption test
-  Freezing test

After measurement, Energy Consumption 
Index    is calculated and used for 
determination of the energy efficiency 
grade of the tested refrigerating appliance. 
Energy  Consumption  Index     is 
calculated by dividing the measured energy 
consumption by average appliance energy 
consumption and is tightened as follows:

The following parameters are measured 
in the test:

-     Energy consumption
-  Water consumption
-       Washing performance
-  Water extraction performance

After measurement, Specific Energy 
Consumption (Esp), defined as the energy 
consumption per kg during a washing 
cycle, is calculated and used for 
determination of the energy efficiency 
grade of the tested washing machine and is 
tightened as follows: 

Table 5 

Table 4   Energy Consumption  Index

Energy 

Efficiency 

Grade 

Cooling Seasonal Performance Factor 
(CSPF), FCSP 

Single Package 
Type 

Split Type 

1 3.00 ≤ FCSP 4.50 ≤ FCSP 

2 2.80 ≤ FCSP < 3.00 3.50 ≤ FCSP < 4.50 

3 2.60 ≤ FCSP < 2.80 3.15 ≤ FCSP < 3.50 

4 2.40 ≤ FCSP < 2.60 2.80 ≤ FCSP < 3.15 

5 FCSP < 2.40 FCSP < 2.80 

Energy 

Efficiency 

Grade 

Tightened Iε (%) Existing Iε (%) 

1 Iε ≤ 35 Iε ≤ 63 

2 35 < Iε ≤ 44 63 < Iε ≤ 80 

3 44 < Iε ≤ 55 80 < Iε ≤ 100 

4 55 < Iε ≤ 69 100 < Iε ≤ 125 

5 69 < Iε 125 < Iε 

Energy 

Efficiency 

Grade 

Horizontal Axis Type 

Tightened Esp Existing Esp 

1 Esp ≤ 0.130 Esp ≤ 0.208 

2 0.130 < Esp ≤ 0.150 0.208 < Esp ≤ 0.247 

3 0.150 < Esp ≤ 0.172 0.247 < Esp ≤ 0.286 

4 0.172 < Esp ≤ 0.195 0.286 < Esp ≤ 0.325 

5 0.195 < Esp 0.325 < Esp 

Energy 

Efficiency 

Grade 

Vertical Axis Type 

Tightened Esp Existing Esp 

1 Esp ≤ 0.0160 Esp ≤ 0.0211 

2 0.0160<Esp≤0.0184 0.0211<Esp≤0.0251 

3 0.0184<Esp≤0.0208 0.0251<Esp≤0.029 

4 0.0208<Esp≤0.0232 0.029<Esp≤0.033 

5 0.0232 < Esp 0.033 < Esp 

Energy Eff ic iency Grading for 
Washing  Machine
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4.4 POTENTIAL BENEFIT OF THE       
UPGRADING OF GRADING STANDARD

NOTES

It is estimated that the upgrading of the 
energy efficiency grading standards of the 
three products could bring annual 
electricity saving of about 300 million 
kWh and an annual reduction of carbon 
dioxide emissions by about 210,000 
tonnes.

5. CONCLUSION

With the implementation of the MEELS
that serves as one of the key drivers for
energy saving, Hong Kong has taken the
very major step forward in addressing to
the impacts of climate change brought
about by energy consumption of
electrical appliances. Building on the
success of the first and second phases of
the MEELS and with a further step in
encouraging product suppliers to make
available more energy efficient products
to meet customers’ demand as well as
facilitating customers in choosing more
energy efficient products, the
Government reviewed and tightened the
energy efficiency grading standards of
room air conditioners, refrigerating
appliances and washing machines in
order to capitalize further energy saving.
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CSPF is also called Seasonal Energy 
Efficiency Ratio. 

ISO 5151: “Non-ducted air conditioners 
and heat pumps – Testing and rating for 
performance”

ISO 16358-1: “Air-cooled air 
conditioners and air-to-air heat pumps – 
Testing and calculating methods for 
seasonal performance factors – Part 1: 
Cooling seasonal performance factor”. 
This standard was published in April 
2013.

IEC 62552: “Household refrigerating 
appliances – Characteristics and test 
methods”

IEC 60456: “Clothes washing machines 
for household use – Methods for 
measuring the performance”

JIS C 9606: “Electric washing machines’

HKSAR Government Energy Efficiency 
(Labelling of Products) Ordinance (Cap. 
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EMSD Code of Practice on Energy 
Labelling of Products (2010 Edition)
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Labelling of Products (2014 Edition)
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WINNING MULTIPLE EFFICIENCIES 
THROUGH ELEVATOR MODERNIZATION

Ir Louis Y.N. Yiu
Modernization Sales Engineering Manager
Mitsubishi Elevator Hong Kong Co. Ltd.

ABSTRACT

With rapid property development in the past 
two decades in Hong Kong, there were many 
elevators installed and commissioned in 
residential, commercial and composite 
buildings. However, the types of motor, their 
drives and the control logic at that time were 
comparatively less efficient than the 
technologies being applied nowadays. 
Elevator modernization is the best way to 
upgrade the outdated elevator systems, so 
that they could behave as brand new 
elevators in terms of efficiency, performance, 
reliability and safety.

In this paper, we focus on the analysis of 
efficiency improvement after elevator 
modernization. Efficiencies can be interpreted 
in the following areas for an elevator system:

1. INTRODUCTION

In 1980s and 1990s, Hong Kong 
experienced rapid economic growth.  
Many high-rise commercial, residential 
and composite buildings were built, in 
which elevators and escalators are 
undoubtedly indispensable for 
transportation of occupants. However, 
due to the technology at the time when 
the elevators were installed, the 
motors, their drives and the control 
systems were comparatively less 
efficient than those being used 
nowadays. Elevator modernization is a 
good countermeasure to upgrade the 
efficiency of an elevator to cope with 
the latest technologies.

In the sections below, efficiency 
performance before and after elevator 
modernization will be studied and 
reviewed in terms of the followings:Energy Efficiency: Energy savings after 

elevator modernization.

Traffic Efficiency: Reduction of passenger 
average waiting time so as to improve the 
people's flow inside the building.

Maintenance Efficiency: How remote 
monitoring and maintenance system can 
improve the maintenance efficiency and 
increase the usability of an elevator.

•

•

•

Motor and its drive

Control panel, control algorithm 
and traffic intelligence 

Remote maintenance and monitoring

•

•

•
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Before going into the efficiency
improvement, it is better to understand
the scope of elevator modernization.
Generally speaking, three modernization
plans are popularly adopted in the
market, namely, CM-1, CM-2 and SM.
CM-1: The abbreviation CM means
Control Modernization. As its name
implies, the entire control system of the
elevator is replaced, including the control
panel (drive is incorporated in the control
panel), shaft signalling and the car top
station etc. “1” means the replacement of
traction motor (while the traction sheave,
brake system and gear box are retained)
in order to match with the new motor
drive. In addition, car and hall signal
fixtures are replaced. Illustration is
shown in Figure 1.

2. MODERNIZATION SCOPES

CM-2: Same as CM-1, the only 
difference is that the entire traction 
machine (i.e. traction sheave, gearbox, 
brake system and traction motor) is 
replaced by a Gearless Permanent 
Magnet Motor Traction Machine which 
is the meaning of “2”. Illustration is 
shown in Figure 2.

Figure 1      CM-1

Figure 2  CM-2

SM: SM is the abbreviation of Semi-
Modernization which means except guide 
rails, all elevator components are replaced. 
Illustration is shown in Figure 3. 

Winning Multiple Efficiencies through Elevator Modernization
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Figure 3  SM 

From the above descriptions, it is 
understood that after modernization, no 
matter which plan is used, the drive, 
motor and the control system are 
replaced. These would contribute to the 
improvement of energy efficiency, 
traffic efficiency and maintenance 
efficiency which are briefly explained 
in the following sections.

3. ENERGY EFFICIENCY

Figure 4

Figure 4 shows the development 
history of low speed elevator.

In 1970’s, the main component of an 
elevator was 3-phase induction motor 
driven by alternating current with 2-
speed (AC-2) motor drive. The control 
panel was relay type. The speed of the 
elevator was controlled by the specific 
combination of contactors, so that the 
motor could be run at rated speed (i.e. 
the high speed mode by connecting the 
motor to be 4-pole) or “climbing 
speed” (a low speed mode by changing 
the contractor’s combination to connect 
the induction motor to be 16-pole) when 
landing. Finally brake was applied in 
order to stop the elevator cabinet at the 
landing position. As such, it can be 
imagined that the passengers would 
experience sudden speed change and a 
shock when being stopped at the 
landing.

In 1980’s, the elevator technology was 
still using 3-phase induction motor, but 
the motor drive was changed to 
Alternat ing  Current  Variable  Voltage 

Development of Low Speed 
Elevator 
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Control (ACVV). The control panel 
was the transition period of relay type 
and PCB type (or say semi-
computerized). At that time, thyristor 
was used as the switching component in 
the motor drive to control the voltage 
level to the 3-phase induction motor. 
However, by this technology, the 
saturation occurs during acceleration 
and deceleration. As such, this kind of 
motor drive is energy inefficient.

In 1990’s, the Variable Voltage 
Variable Frequency (VVVF) technology 
was introduced to the market for 
improving the control system of the 3-
phase induction motor which was still 
commonly used at that time. By 
keeping the ratio between voltage and 
frequency to be constant, saturation 
could be avoided and hence the energy 
efficiency was improved. Figure 5 
shows the relationship between current 
and speed of induction motor for AC2, 
ACVV and VVVF drives.

Figure 5   Current vs Speed of Induction Motor

Although the three generations of motor 
drive were implemented as mentioned 
above, 3-phase induction motor with 
worm-gear gear box was still be adopted 
to be the major component to drive the 
elevator. However, energy loss is 
unavoidable in the worm-gear 
mechanical transmission for that kind of 
system. But starting from 2000’s, 
Permanent Motor (PM motor) was 
introduced to the market. With it’s high 
torque and low speed speed-torque 
characteristics, gearbox can be 
eliminated for reducing the mechanical 
loss and the VVVF is widely used as the 
motor drive system. 

The history of high speed elevator is 
shown in Figure 6. In 1970’s, due to the 
advantage of the linearity control of 
Direct Current (DC) motor, motor-
generator set (M-G set or Ward-Leonard 
system) was widely used for high speed 
elevators. However, it was obvious that 
generator would impose certain losses in 
the system and so this was regarded as 
an energy inefficient system.

Figure 6    History of High Speed Elevator

(http://ee.emsd.gov.hk/english/lift/lift_tech/lift_tech.html)

In 1980’s, the advancement of power 
electronics, DC chopper was used to drive 
the DC motor directly. Elimination of 
generator set can obviously improve the 
energy efficiency.

Winning Multiple Efficiencies through Elevator Modernization

Courtesy of HKEE Net
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In 1990’s, again, with the development 
of VVVF technology, AC motor could 
behave as a DC motor in the control 
aspects. VVVF drive plus AC induction 
motor was commonly utilized in high 
speed application.

After 2000’s, PM motor is now being 
applied no matter in low speed or high 
speed elevators.

It is noted that in high speed elevators, 
no matter it is DC or AC machines, 
they don’t have gearbox because it 
doesn’t require gearbox to reduce the 
speed. 

So what is the improvement of energy 
efficiency quantitatively in nowadays? 
We had done many modernization 
projects to modernize elevators from  

Figure 7a  Example of Modernization Project
(Left: Before Modernization; Right: After 
Modernization)

old motor drive technology to the latest 
one. We found that the energy saving 
was at least 30% at most of the time.  
Figure 7b shows the data got in one 
elevator modernization project in a 
residential estate.

Figure 7b   Energy Saving Analysis in One Residential Estate
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Figure 8a  Principle of Regenerative Convertor

Figure 8b     Principle of Regenerative Convertor 

The evolution of motor drive and the motor technologies could contribute to the energy 
efficiency around 30%~40% in general. In addition, regenerative convertor technology can 
even generate electricity back to the grid. Figure 8a and Figure 8b shows the principle of 
regenerative convertor.

Winning Multiple Efficiencies through Elevator Modernization
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Before going into the details, we have 
to understand the design of the weight 
for the counterweight being used. 
Assume that the lift car dead weight 
and the rated capacity are P and Q 
respectively. The designed counterweight’s 
weight shall be P+0.5Q (the common 
cases). That is to say, when the lift 
cabinet is full loaded, the lift car side 
shall be 0.5Q heavier than the 
counterweight. When the lift cabinet is 
empty, the counterweight shall be 0.5Q 
heavier than the lift cabinet. 

So, when the full loaded lift cabinet is 
running from top to bottom floor or the 
empty lift cabinet is running from 
bottom floor to the top floor, this 
action is achieved by gravity and hence 
no electricity is consumed, in addition, 
even energy is generated.

When the VVVF motor drive system 
was introduced in 1990’s, the 
regenerative braking energy is 
consumed by using resistors. Its 
operating principle is illustrated in 
Figure 9.

Around the end of 1990’s, the VVVF 
technology enables the regenerative 
convertor to convert the regenerated 
power, with the proper phase angle and 
acceptable harmonics, back to the main 
switch. Figure 10 shows the schematic 
diagram of the operation. It is noted 
that the regenerative power is fed to the 
main switch that providing power 
supply to the lift. That is to say, no 
special provision is required at the 
supply side.

Figure 9    Regenerative Braking

Figure 10

Figure 11 shows the experimental 
results of the amount of regenerative 
power generated in commercial 
buildings and residential buildings. It is 
interesting to observe that the 
percentage of regeneration is different 
between commercial and residential 
buildings. It is because the amount of 
regenerative power depends on the 
traffic pattern. For commercial 
buildings, the traffic pattern is distinct. 
During lunch time and after office hour, 
there are many chances to run in full 
load down and it is regenerative. 
However, for residential buildings, the 
traffic pattern is relatively scattered. As 
a result, the regenerative power is 
generally lesser for residential 
buildings.

New Type of Regenerative 
Convertor
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Figure 11   Amount of Regenerative Energy 

Note: 
Definition of Percentage of Regenerative Energy:
Total energy generated in regeneration mode 
divided by total energy consumed in motoring 

4. TRAFFIC EFFICIENCY

In this section, we are going to discuss 
3 generations of group control, namely, 
2BC, OS-75 and the most advanced 
∑AI-2200C. Group control system can 
exhibit its function when there are 3 
elevators or more being used in the 
building.

4.1    2BC 

When a car is travelling up, it will stop 
at all floors for which car or hall up 
calls are registered. Down hall calls 
have no effect to the car which is 
travelling up. However, the down hall 
calls will be answered by another car 
which is travelling down. Then the car 
will answer the highest down hall call 
provided that there is no car or hall up 

calls registered above. After the last 
passenger has left and there are no 
calls registered above, the car will 
reverse automatically. This is called 
Highest Call Reversal feature. For 
handling down calls, the manner is 
similar and it is called Lowest Call 
Reversal. Figure 12 shows the concept. 
This is a simple looping system.

Figure 12    Call Reversal Feature 

Project 

Capacity

Speed
% 

Regenerative 
Energy 

(24 hours 
measurement)

Commercial 
Building 

A

Commercial 
Building 

B

Commercial 
Building 

C

Commercial 
Building 

D

1800kg       1600kg       750kg       900kg

8.0m/s    6.0m/s      3.0m/s       3.5m/s

45.8%   43.4%     21.6%      27.7%

Selective Collective Operation System Generally Employed
for Apartment Buildings, Hotels and Office Buildings

Single Car (2BD) Two Car (2C - 2BC) Three Car (3C - 2BC)

Car moves immediately 
to answer all hall and 
car calls in its direction 
of travel, irrespective 
of the order in which 
they were registered.
  If no calls are 
registered ahead, the 
car reverses its 
direction of travel.

When call is registered, 
nearest car moving in 
appropriate direction 
answers it. Call 
registered behind one 
car will be answered by 
the other.
  When no further calls 
are registered, one car 
returns to terminal 
floor and waits.

Operation is as for 2C 
- 2BC, with the 
exception that two 
cars wait at the 
terminal floor.

4.2   OS-75 

OS means Optimum Service which was 
widely used in 1980’s. At that time, it 
was the more advanced technology 
compared with 2BC system. In this group 
control system, the served floors are 
classified as different demand zones. 
Figure 13 shows the concept.

The operation principle is that when an 
available car is assigned, it will go 
directly to the assigned zone without 
stopping at other demand zones and will 
offer service to the calling floor in that 
demand zone. This would enable the 
following features:

Winning Multiple Efficiencies through Elevator Modernization

This is the most basic group control 
system being used in 1970’s. 2BC 
means 2 Buttons selective Collective.
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The registered demands are 
successively handled according to the 
priority order below:

When a car has finished servicing 
the landing calls within its assigned 
zone and enters another zone to 
answer a car call, it also offers 
service to the landing calls in the 
new zone.

A car which has finished answering all 
calls closes its doors at the last floor 
would become an available car and 
waits at that location for its next 
assignment.

-

•
•

•
•
•
•

Figure 13    Optimum Service

An assigned car expresses to the calls 
in the assigned zone. And then 
successively offers service to other 
landing calls in the assigned zone.

-

-

-

4.3     ∑AI-2200C

∑AI-2200C is an artificial intelligence 
system for elevator group control. With 
the rapid development of the strong 
computational power, many rule sets 
can be programmed in the computer. 
The predicated traffic demand is put 
into the simulator. By applying 
different rule sets, the average waiting 
time can be simulated. Then, of course, 
the appropriate rule set will be selected 
and implemented with the minimum 
average waiting time. Figure 14 shows 
the concept.

Figure 14     ∑AI-2200C

Top floor extension demand
Main floor and basement floor 
demand 
High zone down demand
Low zone up demand
Low zone down demand
High zone up demand

With the above operation features, OS-75 
can make optimum demand handling and 
car assignment, and calls being kept 
waiting for a long time are virtually 
eliminated. It is because the determination 
and car assignment is done by classifying 
the service floors into “up calls” and 
“down calls”. The services for up, down 
high zone and low zone are well balanced.
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In this way, the new method 
achieves the optimized operation 
which makes multiple cars 
cooperate, and it keeps the traffic 
efficiency being improved, even if 
a call is registered in any floor of 
the building.

Figure 15    

Features of New Group Control:

i. Cooperative Optimization Assignment

In the allocation control, a new 
registered hall call and the hall calls 
already allocated are the targets of 
evaluation. In this algorithm, a 
virtual hall call named “risky call” is 
assumed although it is not yet 
realized. All the calls (risky call + 
new call + calls already allocated) 
are evaluated as a whole.

An example is illustrated in Figure 
15. This figure indicates the situation
in which an upward hall calls in 
whole building, including the “risky 
call”, are evaluated in advance.

In the left hand side, Lift B can 
respond to the call from 6th floor. 
Therefore, Lift B is allocated in 
the conventional system. 

However, when a hall call is 
registered on 11th floor 
immediately after the allocation of 
Lift B, it takes the waiting time 
longer, even though the Lift D 
would respond. This virtual hall 
call from 11th floor is the “risky 
call” mentioned above.

In the right hand side, in the new 
method, Lift D is allocated to 6th 
floor in the upward direction in 
consideration of the above 
situation. As a result, the Lift B 
can respond promptly, even if a 
hall call is registered on 11th 
floor.

-

-

-

-

ii. Energy Saving – Allocation Control

When a hall call is registered, 
∑AI-2200C predicts energy 
consumption in power running and 
regeneration, in addition to the 
waiting time, predication errors, etc. 
It achieves energy saving by 
allocation control, which assigns a 
car with less energy consumed than 
others. 

Furthermore, it could consider that 
energy saving is important in off-
time while waiting time is important 
in traffic peak time, so that it can 
keep users convenience, regardless of 
energy saving.

Figure 16 shows the example in 
which a new down hall call is 
registered at the 6th floor of a 9-floor 
building with 4 cars.

Cooperative Optimization 
Assignment
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Waiting time is almost the same in any 
car that Lifts A, B and C serve the new 
down hall call. Lift D is not considered 
since the waiting is the longest. 

The following analyzes energy 
consumption in case that it assigns Lifts 
A, B and C.

Lift C: Energy consumption is more in 
running from 6th floor to 1st floor. (It 
runs far from balance against 
counterweight because less passengers 
ride on Lift C.)

∑AI-2200C will then assign Lift B to the 
new down hall call in view of energy 
consumption.

-

•

-

4.4     

The principle of DOAS is simple. In 
conventional system, for example, at 
main floor, passengers register an UP 
hall call. When the lift car arrives, 
passengers going to different floors 
enter the same lift car and hence 
making the lift car stops at different 
floors. 

However, for DOAS, the group control 
system can know in advance the 
destination of each passenger so that 
the passengers can be assigned to 
different lift car. In doing so, 
passengers going to the same floor will 
be assigned to the same lift car. 
Finally, the number of stops of the lift 
car can be significantly reduced. 
Figure 17 shows the concept.

Figure 16    Allocation Control

-

Lift A: Energy consumption is more 
in running from 6th floor to 1st 
floor. (It runs far from balance 
against counterweight because less 
passengers ride in Lift A.)

Lift B: Energy consumption is less 
in running from 3rd floor to 1st 
floor. (It runs with balancing itself 
against counterweight because 
passengers have already ridden in 
Lift B.)

•

DESTINATION ORIENTED 
ALLOCATION SYSTEM (DOAS)

Figure 17    DOAS
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What we can do is remote monitoring and 
maintenance. In Mitsubishi, we call 
“ELE-First”. Figure 19 shows the system 
flowchart.

Figure 19   ELE-First System Flow Chart

DOAS could be integrated with security 
gate. By the combination of the card 
reader, DOAS LCD indicator and the 
security gate, seamless operation can be 
achieved.

First of all, the control panel is supposed 
to be computerized type. An electronic 
device is installed on top of the 
computerized control panel. The 
electronic device would retrieve the 
operating data of the whole elevator 
system and send back to the MIC server 
(MIC interprets as Mitsubishi 
Information Center), which is a computer 
server located at the elevator 
maintenance company, through reserved 
telephone line.

Figure 18a    LCD Indicator

Figure 18b  Security Gate

5. MAINTENANCE EFFICIENCY

IoT (Internet of Thing) becomes a hot 
topic in the recent years. As the elevator 
control is already computerized, 
migrating its operation information to the 
Information Technology is without 
difficulty.

Figure 20 MIC Server Located at Maintenance
Contractor’s Callback Center
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The retrieved operating data includes, 
but not limited to:

skipping one routine maintenance 
service, the usability of the elevators 
can be increased (no need to suspend 
the elevator for maintenance).

Since the monitoring is continuous, 
the following examples show the 
merits:

•

•

•

•

•

•

•

•

Door Operation: ELE-First can 
sense and count any unsmooth 
door operations, such as door 
motor current abnormal 
increase, bad conductivity of 
limit micro-switches etc. This 
information is then sent back 
to the MIC server for further 
analysis by the engineers. 
After this, the maintenance 
technicians can focus on that 
landing door maintenance in 
next routine maintenance visit. 
The advantage is obvious. 
Firstly, before the breakdown 
happens, we can clear the 
defects in advance. Secondly, 
we can save our time to check 
and identify the problematic 
landing doors.

Brake operation conditions

Main contactors operation 
conditions

Door/ push buttons/ car door lock 
operation conditions

Landing door lock operation 
conditions

Safety switches conditions

Leveling accuracy

Rated speed stability 

etc.

Figure 21   Landing Door Maintenance

After knowing the status of the 
operation system, the maintenance 
efficiency would be improved which is 
explained as follows.

In normal practice, routine 
maintenance service is done twice 
every 4 weeks by our technicians. 
By deploying this system, ELE-
First can allow to skip one routine 
maintenance visit. It is because 
ELE-First can continuously monitor 
several equipment/ components 
conditions. Its monitoring ability 
even can be more powerful than 
what the technicians can do. For 
example, the system can sense the 
conductivity of relays/ contactors, 
correct status of sensors/ micro-
switches and abnormal temperature 
increase  of  major  equipment.   By 

i.

ii.

•
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Figure 23Motor Encoder: ELE-First can 
compare the encoder (installed at 
motor end) output with the 
calculated/ anticipated curve. If 
there is any abnormality, the 
maintenance technicians can 
rectify the situation in next 
routine maintenance visit, before 
the breakdown happens.

Last but not least, through modernization, 
the replaced equipment will fulfill the up-
to-date code of practice and finally 
improve the safety.

Figure 22  

•

From the above examples, we can 
recognize that ELE-First can reduce the 
chance of breakdown and increase the 
usability of elevators.

Comparison of Performance 
Data Before and After Adopting 
ELE-first

One Year 
“Index 
Figure” 
Before 

Deploying 
ELE-First

15-month 
“Index 
Figure” 

After  
Deploying 
ELE-First

Improvement 
%

Recovery 
Time after  
Breakdown 
(minutes)

Breakdown 
Rate

Entrapment 
Rate

100

1

1

83

0.268

0.786

16.5% 
Reduced

73.2% 
Decreased

21.4% 
Decreased

6. CONCLUSION

To conclude, through elevator
modernization, we can have a great
improvement in regard to the energy
efficiency (saving the electricity), traffic
efficiency (reduce the passenger’s
waiting time) and maintenance efficiency
(reduce breakdown and increase the
usability).

NOTE

Modernization means by replacing some of the 
major components of the elevator to the result 
that the elevator can behave or closely behave as 
a new elevator in regard to the control system 
and efficiency aspects. It is different from total 
replacement of an elevator.

Improvement through Elevator 
Moderization



Paper No. 7

THE FUTURE OF THE CITY BUS – A POTENTIAL SCENARIO

Speaker: Mr Manfred Josef Schmidt 
Senior Director
Sales and Marketing Hybrid Drives
Siemens AG, Germany



- 7.1 -

Paper
No. 7

THE FUTURE OF THE CITY BUS – A POTENTIAL SCENARIO
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ABSTRACT

Back in 1879, Werner von Siemens presented 
the first electrically powered locomotive at 
the Berlin Industrial Exposition. This was 
followed 18 years later by the first meeting 
of the newly established Central European 
Motor Car Association in Berlin. The 
association's president, Adolph Klose, said 
the following at the conference: "We can 
observe three different types of motor cars at 
the moment: vehicles powered by steam, 
internal combustion engines, and electricity."

In other words, different drive systems were 
competing against each other at the dawn of 
the 20th century. Electric drives established 
themselves in trains but not in cars, which 
were soon dominated by gasoline engines. 
The main reasons for this were as follows: 
First, continual improvements to engines led 
to ever-higher vehicle speeds. Secondly, 
gasoline was a cheap fuel and, finally, 
gasoline engines had a greater range than 
electric motors because the latter were 
powered by weak batteries.

1.

Fast forward one hundred years or so 
and things are now very different, which 
is why electric vehicles are making a 
comeback on al l  levels .   For one thing,

combustion engines generally run on 
fossil fuels whose supplies are finite. 
In addition, global population growth 
and increasing industrialization in 
emerging markets are driving up 
demand for oil. As a result, prices for 
oil and other raw materials will rise 
over the medium and long term. New 
solutions and alternative drive systems 
are thus needed in order to compensate 
for the scarcity of fossil fuels and 
reduce the negative environmental 
impact of their  emissions.  The 
International Energy Agency's (IEA) 
“BLUE Map Scenario,” whose goal is 
to cut greenhouse gas emissions in 
half by 2050, estimates that nearly 80 
percent of the cars sold by 2050 will 
be plug-in hybrids, electric vehicles, 
or fuel cell cars.

EIGHTY PERCENT ELECTRICS 
AND HYBRIDS BY 2050

2. THE FUTURE OF MOBILITY IS
ELECTRIC - DRIVE TECHNOLOGY
AND CHARGING SOLUTIONS
FOR SUSTAINABLE FUTURE
MOBILITY

In addit ion to industr ial  appl icat ions,  
t rains  or  mining t rucks,  Siemens also 
electr i f ies  commercial  vehicles ,  
buses,  and cars .  Our dr ive and 
charging solut ions for  hybrid and 
electric vehicles are  helping automobile 
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manufacturers around the world to meet 
their CO2 targets. Electrified city buses 
make urban traffic quieter, cleaner, and 
cheaper for operators.

Two factors, in particular, are expected 
to give electric mobility a boost: On 
the one hand,  fuel  pr ices  wil l  
cont inue to  r ise  because the 
avai labi l i ty  of  oi l  is  f ini te ,  while ,  on 
the other ,  the rapid increase in 
automobile traffic worldwide is a key 
driver of climate change.  Because 
there is no simple way to achieve 
electric mobility, manufacturers are 
working on a variety of solutions.

3. ELFA – THE ECONOMIC AND
INTELLIGENT WAY TO ZERO
EMISSION

Innovative traction systems from 
Siemens are an essential element in 
sustainably addressing these complex 
challenges. Such as ELFA the modular 
electric hybrid traction system with the 
highest degree of flexibility. I t  a l lows 
vehicle  manufacturers  to  individual ly  
configure the hybrid dr ive,  which in  
turn al lows operators  to  run ci ty  buses  
and al l  types of  commercial  vehicles  
with  reduced  energy,  favorable  costs  

Table 1   Variety of Drive System Concepts

Variety of Drive System Concepts
Hybrid
(Hybrid electric vehicle - 
HEV)

Mild hybrid

Full hybrid

Plug-in hybrid
(Plug-in hybrid electric 
vehicle - PHEV)

Range extended
Electric vehicle
(Range extended electric 
vehicle - REX)

Battery-operated
electric vehicle
(Battery electric vehicle- 
BEV)

Fuel cell vehicle
(Fuel cell vehicle - FCV)

The key feature in a HEV is an additional electric motor that supplements 
the conventional combustion engine.  Surplus energy, such as that generated 
during braking, is stored in a rechargeable battery.

In a mild hybrid,the electric motor merely supports the combustion engine; 
purely electric driving isn't possible.

A full hybrid can travel short distances on electricity alone.

A plug-in hybrid can be recharged at a power socket.  Put simply, a plug-in 
hybrid is a mixture of a full hybrid and an electric vehicle.

A range-extended vehicle is powered exclusively by electric motors.  The 
additional combustion engine it's equipped with is used primarily to generate 
electricity:  It recharges the battery while the vehicle is moving.  As the 
name suggests, the vehicle's range can be considerably extended as a result.

A battery electric vehicle is powered solely by electric motors that get their 
electricity from a traction battery.

This type of vehicle is powered by an electric motor that gets its electricity 
from a fuel cell system that converts chemical energy into electricity.
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and low emissions. At the same time, 
comfort for passengers and drivers is 
noticeably increased. Summing up – a 
solution that addresses all requirements.

Significantly reduced energy 
consumption and emissions

Zero-emission operation in inner 
city areas possible

Noticeable reduction in noise

Greater comfort thanks to gentle, 
smooth start-up

Extremely reliable and low-
maintenance traction systems

A single source for all components: 
the motor, generator, inverter, and 
controller

Modular hybrid system for 
maximum flexibility and cost-
effectiveness

Proven technology

Futuristic

4. BENEFITS AT A GLANCE

•

•

•

•

•

•

•

•

•

5. FROM DIESEL ELECTRIC TO
HYBRID TO FULLY ELECTRIC
(EBUS). WITH SIEMENS ELFA
“YOU CAN”.

Flexible Siemens ELFA traction 
systems already allow city buses to 
be operated with diesel-electric 
drives without requiring any 
additional infrastructure.  The 
charging infrastructure required for 
purely electric buses can be 
established in parallel .  With 
relatively low associated costs,  
diesel-electric buses can be modified 
to become purely electric.  This 
allows a gradual entry into pure 
electric bus operation. These buses 
are “eBus ready”!

In the future, city buses will operate 
completely electrically as a result of 
increasing emissions in inner-city zones.

Figure 1  The Path from “eBus Ready” to 
“eBus”
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Improved energy efficiency - The 
continuous current rating of the 
standard rigid conductor rail, i.e. 
the aluminium conductor profile 
with the single contact wire is 
3,000A. This capacity is 
particularly advantageous for 
metro with 1500V d.c. system 
where high current capacity is 
required. The total resistance per 
km at 20oC is 0.0137 ohm/km. But 
for the 1500V d.c. 3000A OCS, the 
total resistance per km is 0.0221 
ohm/km. That means the copper 
loss of ORCR system is about 40% 
less than OCS for 1500V d.c. 
system due to its lower resistance.
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