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1. Introduction

1.1 Objective of the project

The performance of an air conditioner is an important indication of the energy consumption.
There are various measurements and procedures being used to test the performance of an air
conditioner. Energy Efficiency Ratio (EER) is currently the one most commonly adopted.
However, it does not always accurately reflect the actual performances of air conditioners. This
is because the rating is based only on a particular environmental condition and does not consider
the entire annual seasonal cycle of operation. Moreover, the EER testing standards are different
from one country to another. This is a major barrier to harmonization. Thus, the purpose of this
project is to develop a common protocol of Seasonal Energy Efficiency Ratio (SEER) to reduce
such a barrier to the trade of air conditioners. On this simple platform, as the worldwide users
enter their respective local environmental parameters, the SEER value can be calculated based
upon weather data and the test results of the air conditioners.

This platform is applicable to both constant-speed air conditioners and inverter-type air
conditioners, with a capacity under 10 kW. It helps all economies establish and reach their goals
of energy savings and related CO, reductions, provides social benefits from improved air
conditioner performance and increase in economic activity by liberalizing the performance
standards for over 50 million APEC manufactured air conditioners.

Air conditioners consume much electrical energy. Via the implementation of Seasonal
Energy Efficiency Rating (SEER) program, we not only can understand the actual performance
of an air conditioner, but also precisely calculate the cooling loads and the electrical consumption
through the cooling seasons. It helps reduce electric demand peaks. There are about 50 million
air conditioners sold in the APEC regions. A reduction of 20% of air conditioning electric
consumption in APEC regions can be achieved; this is an annual 10,000 GWh of electricity
saving. At a CO, emission rate of estimated based on 0.54 kg per kWh, the saving will yield a
reduction of 5.4 million tons of CO, emission. Thus, the implementation of the SEER platform
program will bring the positive effects to energy saving and the reduction of CO, emission in
APEC regions.

1.2 Budget
The total cost of proposal for this study is US$250,000, and the total approved budget is
US$60,000 from APEC funding. Self-financing budget is US$190,000.



1.3 Scope of Work

The main output of this project is an analytical platform presented as a software package that
evaluates the SEER value for room air conditioners to be tested. The program produces a
prompt and accurate estimation of the air conditioners’ energy performance. With the aid of such
a program, the design of high-efficiency air conditioners becomes possible. Furthermore, the
program reduces the market trade barrier and brings the economic prosperity in the APEC
communities and provides the benefits of energy saving with high-efficiency air conditioning units
and environmental protection with CO, emission reduction.

This project produces an objective estimation of SEER for room air conditioners made and
traded within the APEC economies. The program can promptly and accurately calculate the
SEER value for an air conditioner tested based upon the standards and regulations of its
manufacturing countries. As a result, this project provides the air-conditioner industries in the
APEC regions, a common platform to assess their energy performances. Consequently, it brings
the realistic benefits to the users, as it provides better real use information, manufacturers, and
traders of air conditioners, and creates the opportunities for the development of high-efficiency
air conditioners, lesser barriers in trades and the economic prosperity in the APEC communities.

Followings are the steps to complete the project:

(1) Collect the weather data and the building load curve of the regions concerned.

(2) Develop a common code for performing Seasonal Energy Efficiency Ratio (SEER) of room
air conditioners.

(3) Design and deliver one and a half days open workshop at Chinese Taipei on topic of air
conditioning SEER to those experts or representatives mainly from APEC economies.

(4) Publish (consistent with APEC publication policy) and distribute 3 electronic copies of the
outcome of workshop to workshop participants and others APEC Economies member.

(5) Provide an electronic copy of the above publications and the outcome of the development of

SEER program to the APEC Secretariat for dissemination via the APEC Website.

1.4 Gender Considerations

This SEER project is carried out in an R&D environment where the intellectual ability is
demanded more than physical ability. In such an environment, man and women demonstrate
their knowledge and skills with the equal opportunities. Furthermore, this project upholds the
principle of equal opportunities for men and women throughout the project period, and offers the

equal benefits to both genders.



Through the implementation of the SEER program, air conditioners will be designed to run
efficiently and consequently reduces CO, emission to the environment. The implementation of
SEER program can push the manufacturing toward high quality and multi-functioning and create
the employment opportunities. Literally, it creates the career opportunities not only for men but
also, expectedly, for women in the work of R&D, fabrication, sales, and more. In such an

expectation, women'’s talents in labor force are notable.



2. Workshop for the Development of SEER

2.1 Agenda
A Workshop was held on Oct. 5-6 in conjunction with 34" EGEE&C in Taipei. The agenda of

the workshop was as follows:

First day — Seminar (5" Oct., 2009 / Mon.)

Topic / Speaker

Venue

4F/CR-403, The Howard Plaza Hotel Taipei, Taipei

09:00 ~ 09:30

Registration

09:30 ~ 10:00

Opening Remarks

Chair: Dr. Robert Yie-Zu Hu, Deputy General Director of
Energy and Envirnment Research Laboratories, ITRI

Co-Chair: Mr. Terry Collins, Chair of EGEE&C, APEC

VIP Speech: Mr. Huey-Ching Yeh, Director General of the Bureau of
Energy, MOEA, Chinese Taipei

10:00 ~ 10:40

Title: Policy and standards for the rational use of energy in Japan
Speaker: Dr. Chaobin Dang, Assistant Professor
The University of Tokyo, Japan

10:40 ~ 11:00

Break

11:00 ~ 11:40

Tilte: CSPF & HSPF for air-conditioner and heat pump in Korea
Speaker: Dr. Jun-Young Choi, Chief Researcher
Korea Testing Laboratory/Energy Technology Center, Republic
of Korea

11:40 ~ 13:10

Lunch Break

13:10 ~ 13:50

Title: SEER for air conditioners in New Zealand

Speaker: Mr. Edward Winter MSc., Technical & Standards Advisor
(Heating & Refrigeration), Energy Efficiency and Conservation
Authority, New Zealand

13:50 ~ 14:30

Title: The Seasonal Energy Efficiency (SEER) of air conditioners in
China standards
Speaker: Prof. Cheng Jianhong, Researcher
China National Institute of Standardization, China

14:30 ~ 14:50

Break

14:50 ~ 15:30

Title: The role of SEER of air conditioner in energy efficiency
management in Chinese Taipei
Speaker: Mr. Shin-Hang Lo, Manager
Energy and Environment Research Laboratories, ITRI, Chinese
Taipei

15:30 ~ 16:10

Title: SEER testing method and standard development in US
Speaker: Mr. Christopher G. Stone, General Manager
Intertek, USA

16:10 ~ 16:50

Title: Establishment of the CNS standards and development of
SEER measuring method for air conditioners in Chinese Taipei
Speaker: Mr.Chwan-Shing Huang, Vice General Manager
Research & Planning Department, Taiwan Electric Research &
Testing Center, Chinese Taipei




16:50 ~17:20 | panel Discussion
Second Day — Panel Discussion (6™ Oct., 2009 / Tue.)
09:30 ~ 10:10 Title: The measures of promoting SEER for air conditioners from
manufacturer's point of view
Speaker: Mr. Yi-Hung Huang
TRAEA, Chinese Taipei
10:10 ~ 10:50 Title: Introduction of the development of an analytical platform for
measuring the SEER of air conditioners of APEC member
economies
Speaker: Ms. Hsiao-Chi Hsu, Associate Researcher
Industrial Technology Research Institute, Chinese Taipei
10:50 ~ 11:10 Break
11:10 ~ 11:40 Panel Discussion
End of Workshop

9 experts from different economies have given great speech and discussion. All the

presentation files are included in Appendix A.

2.2 Speakers and participants

(1) Speakers invited by Chinese Taipei are from 5 different economies, which are China, Japan,

Korea, New Zealand, and USA. And 4 speakers were from Chinese Taipei.

NO. | Economy Name Topic of presentation
Mr. Edward Winter MSc.,
New Techmcal & S.tanda.rds Advisor SEER for Air Conditioners in
1 (Heating & Refrigeration), Energy
Zealand e . New Zealand
Efficiency and Conservation
Authority
Dr. Chaobin Dang Policy and standards for the
2 | Japan Assistant Professor, The University | rational use of energy in
of Tokyo Japan
Dr. Jianhong Cheng CSPF & HSPF for Air
3 | China Researcher, China National Institute | conditioner and Heat pump in
of Standardization Korea
Dr. Jun-Young Choi The Seasonal Energy
4 | Korea Chief Researcher, Korea Testing | Efficiency (SEER) of Air
Laboratory, Energy Technology | Conditioners in China
Center standards
5 |US Christopher G. Stone SEER testing method and
General Manager, Intertek standard development in US

(2) Active participants invited by Chinese Taipei are from 3 different economies which are

Indonesia, Malaysia, and Russia.




Sergey Molodtsov
1 | Russia Deputy Director on science,
Centry for energy policy, Moscow

, . Zaini Abdul Wahab
Active Participant | 2 | Malaysia Demand Side Management,
Energy Commission, Malaysia

Totok Sulistiyanto
3 | Indonesia Vice President,
ASHRAE Indonesia Chapter

(3) The total number of participants is 51 which are from 10 economies.

2.3 Discussion in the Workshop

In the panel discussion, the workshop was brought out some very constructive suggestions

and actions to follow, such as:

® Natural refrigerant application to air conditioners is a beneficial issue not only to

energy efficiency lifting, but also to environmental protection issue. That means the

green energy is a critical issue for natural refrigerant in air conditioners, instead of HFC

and HCFC refrigerants.

® Connection channel built to other international organization, such as APP, ISO and

others is suggested to seek. Through the channel built, the information and

experience can be shared and exchanged, so that it will be conducive to the elimination

of trade barriers.

® Manufacturers should be invited and actively involved in the SEER developing stage,

so that the implementation of any regulation will be easier to promote.

® This meeting mainly focuses on the discussion of the efficiency of air conditioners, but

the renewable enerqgy is another big issue and has drawn attentions worldwide. Hope

that this issue can be discussed in the upcoming APEC relative meetings.

® The humidity factor can be considered in the SEER calculation software developed by

Chinese Taipei. Hopefully, its application can also include the package units, not just for

room air conditioners or window-type units.



Followings are the summary of the discussion in the workshop:

No. Question Answer

1 |There are many VRV or VRF | The JIS 8616 also has some comments about
systems in Japan, what is the | VRV systems, but it's not satisfactory. So far in
current test method or standard for | Japan, JIS 8616 is still used as a test method
these systems in Japan? for VRV systems, but some parameters maybe

change. From 2007, we started the
experiments for the VRV testing, and we are
going to revise the test method for the VRV
systems.

We have a committee from industrial
associations, heat pump associations and the
government to improve JIS standard, but it's
not a constant committee.

2 |In JIS C standard, the Cd value for | For variable-speed compressor, Cd can be zero
room air conditioners is 0.25. Why | when it operates at low frequency and there is
the Cd value of package air|no on-off cycle. If the compressor is
conditioners is different with room | constant-speed type, the Cd value is 0.25 even
air conditioners? for package air conditioners.

3 | The consumers in Japan accept | It's a little difficult for consumers in Japan to
products with high efficiency | afford now. The government promotes the
performance. Do the consumers | sales of high efficient products by giving some
also accept the high price? subsidies to consumers.

4 | The procedure of SEER testing for | It depends on different countries. You can
Korea is complicated shown in the | obtain your climate data from your government
presentation. How does the | or organizations, and develop your temperature
temperature bin be developed? bin.

5 | For the VRV system which has two | In Korea, manufacturers normally categorize

different compressors, one is fixed-
speed compressor and the other
one is variable-speed compressor,
which category do you put for this

testing?

the systems into three types: Fixed-Speed
Compressor, Multi-Speed & 2-Compressor and
Variable Speed Compressor for SEER testing.
The Multi-Speed & 2-Compressor category

could be adaptive.




Are there any schedules to use
SEER to evaluate the inverter-type

air conditioners in Korea?

SEER concept has been adopted to evaluate
the inverter-type air conditioners in Korea. EER

Is used only for fixed-speed type.

How do you handle the test for
partially non-ducted and partially

ducted systems?

In Korea, non-ducted means window type. Our
energy program is only for window type, not
inclusive of ducted systems. It’s still unknown to

define this system.

How does New Zealand implement

the star rating?

Importers and manufacturers in New Zealand
may not sell air conditioners or heat pumps
unless they are tested and registered, and meet
or exceed Minimum Energy Performance
Standards. Importers, manufacturers, retailers
and people selling new appliances have
obligations to ensure that energy rating labels
are affixed or supplied when appliances are
available for sale. You can organize the testing
yourself or ask the manufacturer to provide you
with a test report that clearly shows that your
product meets the required standard. EECA's
products’ program uses laboratories accredited
by IANZ or NATA for its regulatory enforcement
activities. This means from time to time we
select a sample range of models for a product
and test them to make sure that they meet the

legal requirements.

In Japan, the efficiency of each
categorized product is printed, and

everybody can  access the

information for all products on the
category. China was trying to
promote that kind of system for
three selected products, namely

refrigerator, air conditioner and

In China, we are working on some programs.
One is to improve the MEPS and second one is
to have more energy-labeled products. Another
is the certification label program. We are trying
to give more information to consumers such as
room air conditioners. In the future, we hope the
publication project can support standard and

label programs.




washing machine, and that would
help consumers to know more about
the efficient products. Is there any
further development about that
issue? If you could give us some
information on that, that will be very

much appreciated.

10 | What is the compliance | In China, there are some ways to check market
enforcement program in relation to | products. Agencies involved in implementation
energy efficiency of appliances in | and enforcement of appliance standards and
China? labels include: AQSIQ and its provincial

branches, CNIS, and CSC. The China Energy
Label Center (CELC) was recently established
within CNIS to supervise the registration and to
monitor the use of energy information labels.

11 |Is humidity a considered factor in | The humidity factor is not considered in the
the SEER calculation program | SEER calculation program right now. Since
developed by Chinese Taipei? humidity is a quite complicated parameter, and

we may need more researching time to study
this issue.

12 | How does the SEER of a packaged | This calculation program is only developed for
air conditioner be calculated in the | room air conditioners right now.
calculation program?

13 | In China, the survey shows that the | There is a user define function in the calculation

actually running hours of AC vary

very differently according to
Hope the SEER

calculation program can consider

people’s habit.

this factor.

program. User can input the real running hours
to calculate SEER.
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3. SEER Calculation Program for Room Air Conditioners
3.1 Methodology

The parameters in the SEER calculation program include (1) the weather data of the regions
concerned, (2) the curves of cooling capacity and power consumption under the different
ambient temperatures. Should it be the case of a Inverter AC unit, the additional curves of
medium cooling capacity and power consumption are necessary; (3) the curve of building load;
(4) Degradation Coefficient (Cp), namely, a factor efficiency loss due to the cycling of an air
conditioner, which is an important parameter for the ON-OFF cycling. The value of Cp is derived
from experiments. It is not needed if the system is running without ON-OFF cycling.

The research approaches and the calculation procedure of the SEER platform include:

(a) Establish the calculation method for constant-speed AC units and Inverter (or variable speed)
AC units.

(b) Obtain the cooling capacity and power consumption of the system from the standard test
condition.

(c) Establish the average bin temperatures for the climatic region concerned.

(d) Estimate the cooling capacity and power consumption of the system in each bin
temperature.

(e) Make a summation to generate Cooling Seasonal Total Load (CSTL) and Cooling Seasonal
Energy Consumption (CSEC), respectively. Then, divide the former by the latter to obtain
SEER, as expressed by the following equation and as shown in Figure 1.

(f) Construct the interface of the SEER evaluation program.

imtj)-n,—
SEER=2——
;p(tj)'”j

where n = temperature bin
] = the j-th bin,

o(t)) = cooling capacity in the j-th bin,

P) - electric power consumption in the j-th bin,

nj = total time of temperature occurring in the j-th bin
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Figure 1. lllustration of parameters in SEER

For practical application, this project was intended to develop a program for the users by
entering the information required, such as the weather data and test results, to deliver a
performance results. Thus, most of the work in this project focused on program development. To
verify the applicability of the program, broad data collection and performance testing were
conducted and a seminar was given for open discussion and opinions input.

After the completion of this project, we may consider the possibility of publishing a paper in
an international journal or holding a seminar, to introduce the essence of the SEER program and

promote the usefulness of it.

3.2 SEER Standards for APEC Economies

First, we collected the testing and performance standards for air conditioners in APEC
member economies from the APEC Energy Standards Information System. For some economies,
like Australia, Canada and USA, there are several standards used in the same time. And for
some economies, like Chile, Malaysia and Peru, the relative standard is currently under

consideration.
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Table 1 shows the SEER standards adopted in APEC Economies. USA and Canada have
used SEER to rate central AC for a long time. Japan is going to use APF to rate all packaged AC
in 2010. China and Korea established their SEER standards referred to JIS C 9615. Chinese
Taipei drew up a draft in 2008 and plans to make it a domestic standard in few years. New

Zealand currently is working on it.
Table 1. SEER Standards for APEC Economies

Economies USA Canada Japan China Korea A“Stm!“_‘ & Ch_".w.ﬁe
New Zealand Taipie
. 1) JRA 4046 : 2004 .
o CAN/CSA C656- ( GB/TT725-2004 AS/NZS 3823 |CNS 14464 &
Standard |ASHARE 116-1995 M92 2)1S C 9511: . Appendix E KS C9306-2007 2001 CNS 3615
2005 Ap pendix 3
ANSIASHRAE 116, {1} All types of (1) JRA 4046, Room |GB/T 77252004 JKS C 9306- Working on it Draft
Methods of testing for |central air air conditioners, Room Air 2007, Room air

s eas onal efficiency of
unitary air-conditio ners

Reference |44 heat pumps

conditioners are
rated usina SFFR
{2) test procedure
for central air
conditioners : ARI
21024089 &
ASHRAF 37

2004

2y JIS C 9612,
Room air
conditioners, 2005

Conditioners

conditioners

3.3 Key parameters for SEER calculation

For calculating SEER, there are several key parameters affecting the value.

(1) The cooling capacity and power consumption obtained from the standard tests. The curves of

cooling capacity and power consumption under different ambient temperature.

(2) Degradation Coefficient (Cp): When the air conditioner is in on-off cycle state, the

degradation coefficient is needed to be included in calculating the consuming power.

The United States and Canada proposed to use Cp equal to 0.2. Japan, China, Korea and

Chinese Taipei used Cp equal to 0.25.

(3) Building load curve (BL): Usually is a straight line, and the outdoor temperature is as the

horizontal axis. The intersection between air conditioner’s cooling capacity and building load

curve can be used to decide the operation mode of the air conditioner, i.e. on-off cycle state,

continuous operation mode or variable speed operation mode.

In Japan, China, Korea and Chinese Taipei, when outdoor temperature is 23°C, the BL is 0.

When outdoor temperature is 33°C, the BL is equal to rated cooling capacity, except China.

The BL is equal to rated cooling capacity when outdoor temperature is 35 °C.
In USA and Canada, building load is 0 when outdoor temperature is 65°F (18.33°C). And BL

is equal to rated capacity divided by 1.1 when outdoor temperature is 95°F.

For New Zealand, it is assumed that the BL is 0 when outdoor temp. is 20°C, because when

outdoor temperature greater than 20°C, it is cooling season.
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Table 2 shows the comparison with BL and Cp in each economy.

Table 2. The comparison with BL and Cp in each economy

USA, Canada Japan Korea Chinese Taipei China New Zealand
Economy] ASHARE 116-1995 | JRA 4046 : 2004 KSC Working on it
ARI 2101240  |J1S C 9612 : 2005| 9306-2007 | Draft-2008 | GBIT 77252004 |~ o med)
BL(65°F)=0 BL(23°C)=0 BL(23C)=0 BL(20°C)=0
BL BL(95°F)=Cooling o ) . BL(35°C)=Cooling|BL(33°C)=Cooling
capacity 1.1 BL(33C)=Cooling Capacity capacity capacity
CD 0.2 0.25

(4) Meteorological statistics: Data of the whole year’s average outdoor temperature of the region.

Weather condition is an important parameter for calculating SEER. Basically for the same AC,

if the weather condition is hotter, the calculating SEER value is lower. Table 3 shows the

comparison with bin temp. for SEER standards in the economies. USA use 8 bin temp. which
range is from 64°F to 102°F. (17.8°C to 38.9°C) Japan, China and Korea use 15 bin temp.
which range is from 24°C to 38°C.

Table 3. Comparison with bin temperature for SEER standards

UsA Japan Cluna Korea Chinese Taipei New Zealand
JEA 4046 @ 2004 . .
Standard . Worl t
ASHAREI16-1 - o ge10 0005 | GRIT 7725-2004 |KS C 9306-2007|  Drafi-2008 erieie on 7
1595 , {assutmned)
Appendixz 3
Temp. range | 64°F~102°F 24°C ~38°C 240 ~38°C 240 ~38°C 240 ~37°C 21T ~34°C
) 8 bins 15 bins 15 bins 15 bins 14 bins 14 bins
Ein temp. - o - - o I
(5 Fibin) (1'Cibin) (1'Cibin) (1'Cibin) (1°'Cibin) (1'Cibin)
Weather data |1 JEA 4046:2004 —  |Weather data in | Weather data in | Weather datain | Weather data in
in America weather data in Tokyo |China Eorea Chinese Taipei Christchurch
Reference 2. JIS C 9612:2005— (1999~2006)
weather data in Japan
Cooling period -
3.6 months (Tane 2 to
. September 217 Cooling period :
Period Based on Heating pertod - T =247 ool iod
. woling period |
ASHEAE 15 5 yonths {(October - - T =20
Handbook |28 10 spril 14) it
i Cperating time : Operation time :
e 12 hours(6:00 to 24:00) 24 hours

3.4 Introduction of SEER Calculation Program

Integrate above information and data, this project constructed an interface of the SEER

evaluation program. Figure 2 shows the main frames of the SEER calculation program. User can

select variable speed AC or constant Speed AC to calculate the SEER of his system.
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SEER Calculation Program for Eoom Air Conditioners  v.1

mﬁsaim About  Help

Variable-Speed Air Conditioner | Constant-Speed A Conditioner

Input formation

1. rated cooling capactty : Qr100%) 3000w,
rated power input ; P100%) W

2. cooling capacity at intermediate speed @ Q(50%) 1500 W |
power input at mtermediate speed P{50%:) W

Fconomy / Area: Choose one ...

I E
2 | |el

COF= WW SEER = Wh'Wh

Copyright 2002 APEC provided by Chinese Taipet

(a) SEER calculation for variable-speed AC

SEER Calculation Program for Room Air Conditioners v.1
Close f Leave  Ahout Halp

| Variable-Speed Air Conditioner [ Constant-Speed A Conditioner

Input information

1. rated cooling capacity : Q{100%) 2000 W,

rated power input : B{100%:) W

FEcoconomy / Avea : |Choose one ...

el Results

COP=| WW SEER= WW/'Wh

I E
B =

Copyright 2009 APEC provided by Clinese Tapet

(b) SEER calculation for constant-speed AC

Figure 2. The main frames of the SEER calculation program
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The steps to get the calculating value are:

(1) Input the cooling capacity and power consumption first as shown in Figure 3. For
variable-speed AC, the intermediate cooling capacity is usually about half value of the rated
capacity.

(2) Then, choose the economy or area where the AC operates as shown in Figure 4. This
program so far includes 6 economies’ standards (or drafts) about SEER.

(3) Finally, click the “Run” button to calculate COP and SEER.

(4) If choose “User Define” function (Figure 5), user can set the bin temp. V.S. bin hours or just
load the default data (Figure 6) and modify the relative bin hours. User can also set the value
of degradation coefficient (Cp) and the definition of building load (BL) as shown in Figure 7.

Input information

1. rated cooling capacity : Q(100%) 0000w,

rated power mput F(100%) 00|

2. cooling capacity at mtermediate speed ;| Qs0e) 1500| W

T

power put at interrmediate speed Py 50%:) 00| W

Figure 3. Input information for SEER calculation of a variable-speed AC

Economy / Avea: |8 EENT G v

Chinese Taipei- CNS§ 3015

China - GB/T 7715

Japan - JIS C 2512

Korea - K§ C 93046

£=% Results Christchurch, New Zealand (Draft)
USA - ANSI/ASHEAEF 116

- User Define -

Figure 4. Choose the Economy or Area where the AC operates

Economy  Area: |- User Define - "
+ ‘ Fun
_)

Figure 5. Choose “User Define” and click “Run” to activate the function
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Chiatic Condition

Awvailahle weather data -

Chirese Taipel

Bin Temperature

20°C
21°C
22°C
23°C
24°C
25°C
26°C
27°C
2T
20°C
20°C
31T
22T
CCR
34T
35T
26 T
27T
2T
2T
0T

v (ot

Bin Hours (hr)

0
0
0
0

287
700
Fa0
723
60
Sz
414
326
233
112

37

12

4
1
1]
1]
1]

Chmatic Condition

Available weather data -

LIS
" L]
. S

o |

03
M TTT RN

(hr)
0
0
0
0

58T
Taa
Tal
a3
630
542
414
326
233
112

a7

12

Figure 6. Set the climate condition of User Define function

Figure 7. Set the value of degradation coefficient (Cp) and the definition of building load (BL)

If Cd=0, there 13 no on-off cyele.

Cd: 025

Defirution of BL -

BL{23770=0, BL{337°)=00100%)
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3.5 Examples of using SEER calculation program

Following is an example of using SEER calculation program. Assume that there is a
variable-speed air conditioner which rated cooling capacity is 3000 W and the rated power input
is 950 W. And at intermediate speed, the cooling capacity is 1526 W, and the power input is 320

W. Figure 8 shows the input information.
Input mformation

1. rated cooling capacity @ Qi100%:) 0000w,

rated power mput P(100%) 950 7

2. cooling capacity at intermediate speed | Qes0e 15926 W

¥

poWer iput at mtermediate speed F{50%) 220| W
Figure 8. The input information of a sample AC

Then choose the economy or area where the AC operates, and click “Run” to calculate COP
and SEER.
If the AC operates in Chinese Taipeli, the COP of the AC is 3.16, and the SEER is 4.86 as

shown in Figure 9.

Economy / Area : |Chinese Taipei- CNS 3615 v

{*’fé} Feaults

COP= 3.16 SEER = 4.86
Figure 9. The COP and SEER of a sample AC which operates in Chinese Taipei

If the AC operates in China, the COP of the AC is 3.16, and the SEER is 4.95 as shown in
Figure 10.
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Economy / Area: China - GB/T 7725 v

5}_-.]. Results

COP= 3.16 SEER = 4.95
Figure 10. The COP and SEER of a sample AC which operates in China

If the AC operates in Japan, the COP of the AC is 3.16, and the SEER is 5.02 as shown in
Figure 11.

Economy / Area: |Japan - JIS C 9612 v

COP= 3.16 SEER = 5.02
Figure 11. The COP and SEER of a sample AC which operates in Japan

If the AC operates in Korea, the COP of the AC is 3.16, and the SEER is 4.6 as shown in
Figure 12.

Economy [ Area: |Korea- K& C 9306 v

F;F__-.J_ Results

COP= 3.16 SEER = 4.6

Figure 12. The COP and SEER of a sample AC which operates in Korea
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If the AC operates in Christchurch, New Zealand, the COP of the AC is 3.16, and the SEER

is 5.39 as shown in Figure 13.

Economy / Area: |Christchurch, New Zealand {Draft) v

COFP= 3.16 SEER = 5.39
Figure 13. The COP and SEER of a sample AC which operates in Christchurch, New Zealand

If the AC operates in US, the COP of the AC is 3.16, and the SEER is 5.15 as shown in
Figure 14.

FEconomy / Area: USA- ANSI/ASHERAE 116 v

SEh Results

COP= 3.16 SEER = .15
Figure 14. The COP and SEER of a sample AC which operates in US

Table 4. Comparison with SEER in different economies for the same AC

Economy / Area COP SEER
Chinese Taipei 4.86
China 4.95
Japan 5.02

3.16

Korea 4.60
New Zealand 5.39
USA / Canada 5.15

Table 4 shows the comparison with SEER in different economies for the same AC. Basically

for the same AC, if the economy locates in the hotter climate zone, for example in Chinese Taipei,
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the calculating SEER value is lower. If the economy locates in the cooler climate zone, for

example in Canada, the calculating SEER value is higher.

4. Conclusions

An electronic copy of the above publications and the outcome of the development of SEER
calculation program will be send to each APEC economy member by mail. They also can be
downloaded from the website: http://www.hvac-net.org.tw/action/?parent_id=14

Figure 15 shows part of the web page where to download the outcome of the project.

Asia-Pacific

Economic Cooperation EWG 01/2009T

Reducing barriers to trade through development of a common protocol for measuring the seasonal

energy effiiency (SEER) of air conditioners

Objective of the project

The objective of this project aims to develop an analytical platform to evaluate the SEER values of &/C
units used by APEC member economies. This objective will be met based on the data of climate and
building load characteristic collected from APEC economigs, YWith the application of this program, it will
help to reduce unnecessary duplicate test and administration process, Meanwhile, it also helps to
reduce the cost and times of testing, and further affect the efficiency of trading among APEC economies,

Scope of Work

1. Collect the weather data and the building load curve of the regions concerned,

z, Develop a common code for perdforming Seasonal Energy Efficiency Ratio (SEER) of small air
conditioners.

c Design and deliver one and a half days open workshop at Chinese Taipei on topic of air
conditioning SEER to those experts or representatives mainly from APEC economies.

4, Publish {consistent with APEC publication policy) and distribute 3 electronic copies of the outcome
of workshop to workshop participants and others APEC Economies member.

L Provide an electronic copy of the above publications and the outcome of the development of
SEER program to the APEC Secretariat for dissemination via the APEC Wehbsite.,

Workshop on Reducing Barriers to Trade through Development of a Common Protocol for

Measuring The Seasonal Energy Efficiency { SEER) of Air Conditioners
Wenue: Howard Plaza Hotel Taipei, Chinese Taipei,

Date: 5-6 October 2009

Proceedings of Waorkshop on AFEC SEER Wehsite:

bt fwewew .egeec.apec.org)

Figure 15. Part of the web page where to download the outcome of the project
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With SEER platform, as the worldwide users enter the parameters required, the SEER can
be simply calculated based upon weather data and the test results of the air conditioners. SEER
calculation program helps promote the concept of part-load efficiencies of air-conditioners and
finally contributes to energy saving. With the application of this program, it will help to reduce
unnecessary duplicate test and administration processes. Meanwhile, it also helps to reduce the

cost and time of testing, and further affects the efficiency of trading among APEC economies.
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Appendix A

1. Policy and standards for the rational use of energy in Japan

Policy and standards for the rational
use of energy in Japan

Chaobin Dang
Assistant Professor, the University of Tokyo

Eiji Hihara
Professor, the University of Tokyo

Fa ~
X ' THE Lavirsi o Tor

THE UNIVERSITY OF TOKYO

Qutline

1. Energy Situation in Japan
The Basic Energy Plan
Law concerning the Rational Use of Energy
A)  Measures for factories
B) Measures for buildings
C) Measures for equipment
4, Top Runner Program
A) Distinctive Features of the Top Runner Program
B) Results of Introducing the Top Runner Program
C) Labeling Program
5. Japanese Industrial Standard for Packaged Air-Conditioners
A) Heating and Cooling Load of Buildings and Duration time of Outdoor Temperature
B) Test Conditions
C) Evaluation method for the seasonal performance factor

6. Conclusion
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Changes in Final Energy Consumption in Japan

Japan’s final energy consumption has increased almost continuously, except immediately after the tan

oil aises and during the recent economic recession.

The ratio of industrial: commerdal/residential: transportation uses shifted from 4:1:1 (oil gisis) to 2:1:1
FY2003].

Millicn kI in crude
il equivalent Trillion yen
Lie]

Real GDP 4+

]
TR

Hﬂﬂn’_
WYRRNRRRNRRNNRNN

FEFFFFFAFFSF **‘ d;"-‘j;h-“.‘?f-"v'i‘?ﬁ"FF'is.r.alﬁ'é:lr
ngrelertsiﬁonofJapansﬁnal energy consumptien and real GDP

RERF THE UNIVERSITY OF TOKYO
Changes in Final Energy Consumption by Sector
* Final energy consumption in the indusirial sector has remained generally steady since the oil crisis.
* 0On the other hand, those of the commercialiresidential and trangportation sectors have increased
significanty.
Inzdﬁgx (1973=100) Source: General Energy Statistics
160 F
100 atng
_ 105.0
Industrial sector |
0
1973 1375 1977 1973 1931 1953 1985 1967 1969 1851 1933 1335 1997 1993 2001 2003
Fizcal year

i gk THE UNIVERSITY OF TOKYO

THE saviRsm v Toev
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Changes in Primary Energy Intensity per GDP in Japan

oileq. - L
1N yen / Ll Sources METL/General Energy Statistcs

Fiscal Year

THE UNIVERSITY OF TOKYO

Primary Energy Intensity per GDP

* Japanese primary energy consumption per GDP iz the lowest in the world owing to various energy
conservation measures taken for the respective sectors.

(2003 by IEA statistics)
Currency rate to US$ as of 2000

toe/milion US$

|||||||||||||

30



The Basic Energy Plan

In October 2003, the Agency for Natural Resources and Energy [ANRE) submitted the
Basic Energy Plan to the Diet. This plan defines the direction of measures on demand

and supply of energy for the next 10 years based on the three principles set in the
Fundamental Law on Energy Policy Measures,
(1)Securing stable energy supply

i. enengy consenation

ii. diversifying imported energy resources and strangthening the relationship with major il

exporting nations

iii. diversifying enargy resourcas, such & developing domestically produced fudls

iv. securing oil and LP gas reserves
(2 )Emvironmental sustainabiliby

. enengy conservation

i w=e of non-fossil energy and switch to gas enengy

iii. development and infroducton of dean fossl fud systeme and energy efficient techinclogy
[3)ilizing the market medhanism
Moreower, to ensure "securing stable supply of energy” and "environmental
sustainability,” instiutional reforms will be promoted, and plans will be designed to
utilize market principles in the framework that meets Japan's achual conditions,

THE UNIVERSITY OF TOKYO

Law concerning the Rational Use of Energy

= The O0F3 {the Ird Conference of Parties of UN Framework Comeriion on Oimate Change) field in December 1957
agresd resiuction famgets of Greenhouse Gas (GHG) emissions asigned to each developed ountry and Esued the
agresment 5 the “Kyoto Protoodl.” Japan i responsible for reduding the average value of it tobal GHG i 2008
2012 by B% in comparison with that in the: 1990%. {LS=-7%, ]

| * Acomomatess 908 of Japan's GMG s enegy-oniginated (02

THE UNIVERSITY OF TOKYO
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Energy Conservation Measures in the
Industrial Sector

energy management Factories (Heat and elecicty are integrated)

eia:uﬂ:-,l.
ﬁmldﬁgnﬁﬂdaﬂwmhﬁma muust assign a licensed energy officer who has

completed a training program for knowledge of both heat and elecricty

Hertrichy

- ldﬂna:ed management factories must assign a licensed enengy manager who
-

12 million EWh

& milion kwh

THE UNIVERSITY OF TOKYO

Energy Manager System

Energy Manager is "Key Person” for achiewing the E-C actanity
n a factony/building

& ik ot &
- Parbedicil rapaf oh erengy o amplian

- bt Frlo-benig) e irpeeyvaiman o lah
ST R L TN LR T RN RN ITITNT 3

simpeovemenl plan of Energy Bkl mgui prsent and H“’I
!, «Organiceten o Eregy Ehmy-ﬂmmﬂuﬂ ___.--

- oo

k welion b L } e m Ry Con Ryt on meliv s
+ Techeial advics Tor esargy eMcant cpataten of B Teciites

THE UNIVERSITY OF TOKYO
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Energy Conservation Measures in
Residence & Building Sector

«Submission of notification related to enengy conservation
Measures upon new construction, extension or rebuilding, or
SiEnsive repair

«If the enengy conservation measures are found o be
significantly insuffident, instructions shall be given and the
status shall be announced to the public.

[ Buiding ]

-Submssrmnf I'HII'ﬁI:.:IJCH'I redated 1o ensgy
MSESUNES UpOn New mnsuchon, extension or rebuilding,
o7 esteEnsive repair

»If the energy conservation measunss are found to be
signifi irsufficient, instuctions shall be given and the
status shall be announced to the public.

H ot of energy corsenation measres to the competent authorites. (I the maintained sats s
i Tound significantly inssfident, the authorites shall advise the concemed parties. )

THE UNIVERSITY OF TOKYO

Energy Conservation Measures in
Residence & Building Sector

& LEHmmwmmmfmlhanm&dwpputmderdmwhm
I:l.lHI'IgLI:Eq & system that ensures recognizing reak-time room conditions: in bulldings by temperature s=neors and)or
the optirmal nperdjm:fllqhn;uﬂmmnﬂrqrﬂpnrdlnqh:mﬂmmm:mm.

r Equipment Control I

Cowlrot e bbcariin wibaiie: of Minzsnes humidny & Erge sLre n
airconlitoners upon dineien tﬂ.ﬁ?dmudmhwm
the cevitral imerilorng & aondnisling

recehees From Lhe cervral
rgaiiening e controliig uni

Hurran Detsctiee Sensor

Dtioess [Farsiin
wefalisence in aedh
er.\-wntuu'&muau

dediroling il

llm:-'dnh'im tuH‘n‘q

e ariag Lish Bin] BiuabveEs dinrgy
Lot et & eSSt TR ieS e STy
cheiisind 1o s e o

el g Contril

THE UNIVERSITY OF TOKYO
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Top Runner Program

+Ene;3 conservation law stipulates energy consenvation standards for domestic appliances and vehicles
accorsing to the Top Runner method, Manufacturers and the law designated entities are under the
uhigﬁmmcmpﬂ'fmﬂﬁﬂwﬂdaﬂshlmmﬂmamum%mnmﬂicﬂmufﬂwmmi
the company, order, penalty [under one million yen penalty) are executad,

«LCDs and TWs, microwave ovens, eedric rice cookers, microwave ovens were added in Py 2006,

now the tamget products account for 21 products,

Fassenger vehices (#1) 12, Epace hegles
ﬁ 13kmiL Freight vehicles (317 . Bas cooking applances
i sy 1akmIL

Alr-comdiioners 14, Gom waler heaters
T sats 2] 16, Ol waber hesizrs
17EmiL
18 Video-cassefe reconders 16, Elechic inlet seats
B s IR
|
| oy Computers 18, Beciic foe moker
product cabegony s used Misgretic disc unlis . Micromayves
gy 12xm Iz Judge achisvement of 10, Elecinc refrigeraton . DVD recorders
A0 T Uirw of wiancend sating | D Standard

"Top Runner Frogram:
1 iy bl sy i i’ 3 S | Dikos, Wi ] weia idhied b the
Thee comcept of B program bs: Sandards ane set exackly gl e o gl 00

the same as or higher than the best performance vale of 2 LCD i plikeron Saciigy TV wins Bedid 17 i MIgel [Fecuss
ol 008,

| =ach pmd.nctrt:m curenty on sale in the market
THE UNIVERSITY OF TOKYO

Flucrescent lights 17. Vending machines
Caoplers 1E. Trarsformers

Wom s @ @ B =

Weignizd yvarage per

11. Elecinc freezers

What is Top Runner Program? (Example: TV Sets)

(1) Target standard value {standard energy consumption efficiency):

It is product’s annual energy consumption, expressad as energy consumption effidency. Taking the
best annual energy consumption (kWh/year) as a base, target standard values are decided with an
allowance for technological improvement.

[2) Cateqory:

For TV sets, products are dassified by display device (CRT, LCD, or plasma), aspect ratio, numbser of
pixels, TV receiver size, with/without DVD play function, and other additional functions,

(3) Target fiscal year:
For CRT TV sets, the target fizcal vear is FY 2003 and every fiscal year after that (the standard was

developed in FY 1999),
For LCD and plasma TV sets, the target fiscal year is FY 2008 and every fiscal year after that (the
standard was developed in FY 2005).

(4) Method for evaluation of achievement:
Achievement is judged based on a weighted average for each category per manufacturers (vendors),

(5) Measurement method:
Measurement method which takes into account hours of use based on the actual status is adopted.

(6] Display:

Product's annual energy consumption is required to be displayed in catalogs, on product bodies, ete.

THE UNIVERSITY OF TOKYO
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Energy-saving Effects from Top Runner Program

Equipment Irr'q:m.nerrertnf energy consumption | Improvement of enangy
efficency (Results) consumption efficency (Inital

expectation )
25,706 (P 1997 —=Fr2003) 16,494

TV sets

(CRT-based television)
Videocassette reconders 73.6% (FY1997—FY2003) 5B.7%

Air conditioners® 67.8% (FY1997—FY2004) 66.1%

Elecric refrigerators 55.2% (PY1998—Fy2004) 30.5%

Electric freezers 29,60 (FY1998-Fy2004) 22.9%

Gasoline passenger vehides® | 22.8% (FY1995—Fy2005) 22.8% (FY1995—FY2010)
Diesal freight vehicles® 21.7% (FY1995-Fr2005) 6.5%

Veending machines 37.3% (FY2000-+Fy2005) 33.9%

Computers 99.1% (FY1997-Fy2005) 83.0%%

Magnetic disk urits 98.2% (FY1997—-Fy2005) 7B.0%

Fluorescent lights™ 35.6% (FY1997—Fy2005) 16.6%%

[E =T copEf wh m:u:ﬂmwcwxmmﬂmmmuu Eni1}, and theas (or apepreces wiehoae S marks
l\-:-dl.'fnn: hnrmnmul.plm FunEEfy (o o CEETEE = i the aberre: IlH:lr:||.:|,uh'rllnr.l.dl-:I:l:I
aympmesi o 2 DEoe'h chengo o Dl thae m 200 g fH by hucd qums ey of 10 e’ | IVen s orepeoved cuanbey of £.7

b’ 10K Em o mey e coprorversesd 10 TP Asdhl IR 'Wh'yr chasgad o Sch'yT, un abo 3P imprrsanend. )
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Improvement of Energy Efficiency (Air-Conditioner)

Energy efficency performance of air conditioner has been significantly improwed since the introduction of
Top-Runner standard (1999),

Manufacturers’ efforts for energy effidency techinology improvement: by the competition each other, the
introduction of Enengy-Saving Labeling Programi , e, contribute to this improvement,

Thaough the Top-Runner Program sglaIEthE achieverment of energy effidency performance at the
target fiscal year, the mesdmum mance and weightad average performance hes been improved vear
by vear, by the results of shove-mentionad reasons.

Transition of energy efficiency performance (Air Conditioner - cooling capacity:2.8kW)

s ik efled
in i

eE T EE 1980 2000 o pooz oo pooe  zooe  (fiscal year)
Source: The Japan Refrigeration and Air Conditioning Industry Assodiation

THE UNIVERSITY OF TOKYO
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Energy-Saving Labeling System

The energy-saving labsling system has been introduced to inform consumers of enengy
efficdency of home appliances and to promote energy-efficient products,

Erea rgy-aavineg sy R 5 ohoeod| Erwtpy- a3 a i speshobfRranasd nog oo heoesd]
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155!,-_ 250 KW kAyaar - ENrgy consumglion
1 el sy
& | il power conieralon]
— Eraigry cionservation standand VT MRS LS B BT LI
:f':_‘:'::;r;m?d:" achimmmant parcaniags ii—
v I el G Ul WaCaDe Dy e Tl e ] Nl " oud par
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Tgel tacal years
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Energy-Saving Labeling System for Retailers

* The Revised Energy Conservation Law enforced in April 2006 stipulates that
retailers shall make afforts to provide information. In light of this, a guideline was
formulated, induding providing information by using uniform energy-saving labels,

* The system started in October 2006. Uniform energy-saving labels shall be attached
to TV sets, air conditioners and refrigerators,

[Mult-stage rating system]
«Enengy-saving performance is indicated in 5 stages, from
1 o 5 stars, from low to high performance of produds

offered on the markst.

«In order to the level with the
o pt e
#mmﬁuamarﬂrmﬂm

[Energy-saving labeling system]
Pmd.mmﬁad'le.lajﬂ'ﬂhpm”ﬁrsmﬂadm
a green "e" mark, while others cany an oange "e” mark,
+Achievement level and enengy consumption efficency
(annual elechidty consumption] are also indicated,

[Estimated annual electricity rates]
T +The estimated anmual slecridty retes are indicated w

I.lmmq:gl.;uglEE:E-:ltmrl_m Emh!l:tnmﬂ‘e mmﬁi'm effidency (annual

THE UNIVERSITY OF TOKYO
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Energy Efficiency Product Retailer Assessment Program

» [For promotion of ization of ensrgy effident produds, measures for retailers” who
b-etwea‘nsﬁ:Trrm ﬂJETﬂED{WJHESdrEUitJ. = | =g

» This program acclaims retailers who actively promote sales of energy effident products and who provide
refevant information on ensngy saving,

= "Energy Eficiency Product Retailer Assessment Program”™ has been implemented since FY 2003,

Eligible outlets

Logo of Outlet that Excel at Any appliance outlels, whose sales of appliances accounts
Promoting Energy-Efficient for 50% or more of the total sales,
Products

=F

» Lange-seale (B00 m? and owar) mass sales
2 appllance putiets, whosa salies of appllances
/ accounts for 5% or more of the tolal sales.

20053

"Dutlets that Excel at Promoting Energy-Efficiant Produd=s"

are selected every fiscal year and published along with a

h o ranking list. Awards such as "Minister of Economy, Trade
F and Industry Award” and "Minister of Environment Award”

T = 1L L O were established in FY 2004,

The excellent outlets are allowed to display the logo.

THE UNIVERSITY OF TOKYO

Positive Growth Cycle in Popularization of Energy
Efficient Products

# By providing relevant information to consumiers, encourage them to select enangy efficent products.
» Popularization of enengy efficient products will &t a5 incentives for development of further energy efficent
products,

[I I:I | Consumers

on == Purchase of energy
efficient products

Increased sales of energy
efficient products

= Promotion of development
of energy effident producs
Manufacturers

Competitve development of
enengy efficient products

Improvement of performance and Promation of efforts resulting from
promotion of competition resutting the excellent outlet approval program

from Top Runner progra
THE UNIVERSITY OF TOKYD
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Japanese Industrial Standard (JIS) for
Packaged Air-Conditioners

For air-conditioners, whose target for achieving the 115 is the fiscal
wear 2010, the annual performance factor (APF) is used as an energy
consumption efficiency indicator, which is a numeric value calculated
using the method stipulated by 115 B 8616 (2006), Appendix 3.

. Heating and cooling loads of building and duration time of
outdoor temperature

. Testing conditions
. Bvaluation methad for the seasonal performance factor

* 115 € 9612 (2005} Room air conditionsrs
JI5 B 8616 (2006) Package air conditioners

THE UNIVERSITY OF TOKYO

Heating/Cooling Loads of a Building

*  Three types of buildings : T T
are concemed, . e
— A detached store
— A building tenant
—  An office building
Heating load is largely
dependent an the
application of the
building.
Outdoor temperature
corresponding to the

1
half boad: 7
— Cooling: 26-28°C Heasng load for an Cociing load for
ina: oficebuidng 4, & detached stors

< o 5 gl
Owhdoor temperstane (T

-
[

Cooing load Tor an
Q‘II:E hululrru

Head rglcooirg loads of Bulding
2] o
HW
&
F

o

=]
| ¥}

i
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Dhuramhedi D (o)
Duraion Hime (hawr)
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Dial st b gl i (53} Culdor [errperatane (G}

Figure 5 Duration tme of a detached store Figure & Duration time of an office building

THE UNIVERSITY OF TOKYO

Annual Heating/Cooling Load

¢ Annual heating/cooling load at each cutdoor temperature = hesting/cocling beed of building =
duration time of cutdoor temperature
»  Heating/cooling loads are obtained by multiphying vertical axis value by the rated cooling capacity.

Tzl heating load @ Total codling load=1.47:1 Total hesting load = Total cooling load=0.24:1

0 4G
. Fmount =l hearbng boad . Asreciin] of B by |oad
120

prdi]

|:| Ao o coobing boa |:| o o g load

B

a0

40

#rned hesd nglocol ng Ioad
Ayl haE ngicssng lad

an

o i 4 HAH a 1 4 HIE 1
L 12 17 20 13 M M 32 W A2 & B oW oW O M X N OXN 3 O35
Candod |emg i ne 1) Chulpaod e praline (o]

Figure 7 Annual heatingicooling load of & detachsd store Figurs B Annual hestingfooling kead of an office buliding
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Testing Conditions for Packaged Air-
Conditioners

Indoor ar bemperabare™ Outdoor air tempermiuns®

Rt cooling perdommance P ] 574
Hal load cooling performance IFr18 574

Ratred heating performance P L] k]
Half load heating performance P L] k]
Heating performance at low bemperature Fa s L] 271

* Diry-bulb temperature/\Wet-bulb temperature in *C T Ficating oad Tor

&—\adﬂxh:d stom
o

.

Headrghooolng o @ds of buldirg

a demched stony
T In 1

35
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Calculation Method of Cooling Seasonal
Performance

Dependance of cooling coefficient of
performance (COF) on the ocutdoor
temperature for an inverter-controlled
air-conditicner,

- Rated cooling performance: A

— Half load cooling performance: B

+ Extrapolate from point B using the
hemperatiee

Copaling S0P

operate |nt|!rrr|1:t=_-n:|",'ﬁ:r the part koad
smalker than 50% capadty.
& AT an outoor temperatere off 2100, &t
wifich the moling load approsches o
e, the oooling capactty i asumed o
Incresse by 18% of point 8 and the
sertricity corsumplion o decreass by
2% of point B, Couttoor temperature 15
+ Degradation coefficent s assumed that

5

ling laad, Conlng capaciy

iIIIIIIIIIIIIII
21 28 35

Co

Fig B Estmealion of cosling COP

THE UNIVERSITY OF TOKYO
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Calculation Method of Heating Seasonal
Performance

Three compressor speeds are
=

— MM capacity
— rated capacty
- half capacity
Frost may form at an outdeor
temperature lower than 5.5°C.
Outdoor temperature dependeant
ciperation
Point A: imtermittent operation with
half capacity
Point B: contnuous

between rated capadty an:l half | THH capacty
cam | N T -

Paint 1 confinuous operation [

betwesn maximum capaecty and L G

. -F
rated capacity o Outticar temperature {C)
Point D continuous operation with Freml 1 mo-froal
MM CEpacity

Maximum camachy

Rabed capaciy

Tosied point

Heabng lasd, Heatng cagacty

Fag. 10 Esb=aton of healng CLIF

THE UNIVERSITY OF TOKYO

Benefits Brought about by APF and
Remaining Problems

Annual Performance Factor: APF

CETL+HSTL

CSTE+HSTE
— whers (STL and HSTL denote the cooling seasonal total load and heating seasonal
total load, while CSTE and HSTE denote the cooling sessonal total enengy and
heating e energy, respectvely,
115 B 8616 (2006) is the evaluation method near the actual use of
packaged air-conditioners.
— Improvement of part load performance has a considerable effect on the
reduction in the annual energy consumption.
Remaining problems
— Improvement of the evaluation method for the COP when a compressar
drives intermittenthy.
— Heating/cooling load of a building is not sometimes determined by the
outdoor temperatura.
— Evaluation method for a VRV system is not established.,

APF =

THE UNIVERSITY OF TOKYO
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Conclusion

Since the infroduction of the Top Runner Program in 1999, the energy
efficiency performance of appliances and vehides has improved significantly
more than expected,

In Japan, & is easy to implement the decision making for the improvement of
enargy efficiency babween the govermment and manufacturers or amaong
manufacturers,

Once the standard is established, manufachurers do their best to improve the
enargy efficiency performance by competing with each other, because they
recognize that consumers accept producs with higher energy efficiency
performance,

The JIS for packaged air-conditioners was revised in 2006, Bafore the revision
of the JIS, the parformance of air-condiioners based on the rated cooling and

heating COP was tested and presented, Because the performance at the rated
conditions is not related to adwal use and therefore does not allow the
estimation of annual ensrgy consumption, a new JIS in which the annual
performance factor is defined has been issued. The Top Runner Program for
air-conditionars is based on the 115,

The industrial standards are used for formulating policies, and thus, they
influence the specification of new produd: development.,

THE UNIVERSITY OF TOKYO

Thank you for your a."teptiun.
2

THE UNIVERSITY OF TOKYO
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Asia-Pacific
Economic Cooperation

CSPF & HSPF for Air-conditioner and
Heat pump in Korea

Asia-Pacific Economic Cooperation
Workshop on Reducing Barriers to Trade through Development

Korea Testing Laboratory

Asia-Pacific Economic Cooperation 1

Asia-Pacific
Economic Cooperation
Global Market
=2 World market : US$ 135 B in 2005
Products
ACs

Transport
ACs

Heaters

Refrigerators

Sources : JARN and BSRIA report Units : Billion US$

Asia-Pacific Economic Cooperation 2
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e Air-conditioner/Heat Pump

. Asia-Pacific
Economic Cooperation

Air-conditioner/Heatpump

Most popular in APEC economies
Big market in APEC economies
Big trade among APEC economies

Aligning to 1SO 5151 (1SO 13253 and 1SO FDIS 15042 as
applicable) would appear to be a feasible option

Need a actual usage under a range of climates, and more
realistically and accurately assessing the performance of
variable-speed drive compressor systems under conditions of
actual use. (e.g. a range of part load conditions)

Some member countries already introduced

Asia-Pacific Economic Cooperation

Oct. 1979 Oct. 1999

" Asia-Pacific
Economic Cooperation

Environments

Global Warming

+2'C
2100
+15'C T

HRE
G B {1 o

Mo 1HRALE

AT
+05°C

I
1
! ! 1 1
—N\;/\A‘ (]
1960 HA AN 1] |

Forecast of Erath Surface temperature
(Variation at 1990, °C

+0'C

Global Warming — -
Effect | — &

GHG(CO02, Methane etc.)

Ozone layer at Antarctic

Heat
Solar

Asia-Pacific Economic Cooperation
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Asia-Pacific
Economic Cooperation

Why is important ?

e Residential appliances and equipment use 30% of all
electricity generated in OECD countries, producing 12%
of all energy-related carbon dioxide (CO2) emissions

Life-Cycle Cost (40 year)

Maint
aintenace others
Mend or fix 1%

11%

(

Construction
21%

Energy Cost
25%

Asia-Pacific Economic Cooperation

Runing Cost

Energy Savings

Office ELV  Sewage
equipments 2% 20 Others
26% 10%

11% HAVC-R
50%

Lighting
25%

Asia-Pacific
Economic Cooperation

e HVAC-R covers 50%0
electricity
consumption in 2000

— Space heating : 376.9 TWh
— Space cooling : 149.8 TWh
—  Water heating : 316.0 TWh

— Refrigeration & Freezer : 313.7
Twh

e More rooms for energy
saving and reduce CO2

Asia-Pacific Economic Cooperation

Figure 1.1 Share of residenfial eleciricity consumption by
major end-use in 22 IEA Member Countries in 1990 and 2000

1990: Total = 1985 TWh/year

2000: Total = 2341 TWhiyear

B spoce hesting B ovine B oivvasting
[ space cocting M Retrigeration & frecring B Tetcvision
[ Water heating [] Clothes-washing [ standvy
[EY cooking BE Clothes-drying B other

1.This figure does not include standby power comsumption assecicted with the other major endwses olready diaussed.
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"\ Asia-Pacific
Economic Cooperation

High Efficiency

— Cooling
* EER = Cooling Capacity / Effective Power Input
 Large is Efficient
— Heating
* COP = Heating Capacity / Effective Power Input
 Large is Efficient
— Averaged COP = (EER + COP)/2
e Japan
e But, COP and EER at one point is not real usage
— Part load efficiency is necessary
— SEER (CSPF and HSPF) is using in some countries, but complicated

— New high efficiency products are adopted with inverter-driven
compressor and 2 or 3 combined compressors

Asia-Pacific Economic Cooperation

H DC Inverter
’ AC Inverter Compressor
Variable capacity Compressor
Fixed Speed with Bypass compressor
Compressor

Asia-Pacific Partnership on Clean Development and Climate
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High Efficiency Air conditioners

e Korean Market

v a new model adopted with a new technology, two stage or variable
capacity models in order to meet a new high EELSP in a market even
a high price

High Efficiency AC Models,Split type, 4.0 kW < RCC < 10.0 kW High Efficiency AC Models,Split type, 10.0 kW < RCC < 17.5 kW
600 70

500

400

Models 300 Models
30
200
20
100 10
0 17 0
2001 207172 2003 2004 2005 2006 2007 2001 20102 2003 2004 2005 2006 2007
 Split type, 4.0 kW < RCC < 10.0 kW Two stages or variable capacity ™ Split type, 10.0 kW < RCC < 17.5 kW Two stages or variable capacity
B Split type, 4.0 kW < RCC < 10.0 kW Fixed capacity B Split type, 10.0 KW < RCC < 17.5 kW Fixed capacity
Asia-Pacific Partnership on Clean Development and Climate
v Power consum pt|0 n Power consumption rate of stocked air conditioners in fiscal year "n"
rate of stocked AC in
fiscal year has as0 23 5%
reduced 23.6% from T
2001 to 2007 350 -
3.00
MWh 250
2.00
1.50
1.00
050
0.00
2001 2002 2003 2004 2005 2006 2007
Year

Asia-Pacific Partnership on Clean Development and Climate
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e SEER (Seasonal Energy Efficiency Ratio)
— Annual energy use for the appliances or system, unitary AC

« Variable-speed, two-speed systems
— SEER was developed by NIST, US (Parken et al 1977, Kelly & Parken 1978; Parken

et al 1985)

— Based on a bin analysis that calculated the cooling load, capacity and efficiency

over a range of ambient temperature

— CSPF (Cooling Seasonal Performance Factor) & HSPF (Heating Seasonal
Performance Factor)

— US, Japan, Korea

e IPLV (Integrated part load value)
— For Chiller developed in 1986, US
— IPLV (Integrated part load value)

Asia-Pacific Economic Cooperation

Standards for part load

h Asia-Pacific
¢” Economic Cooperation

11

Title Standards No.
Non - Ducted A/C and HP 1SO 5151
Ducted A/C and HP 1SO 13253

USA

JPN

Room A/C AHAM RAC-1, ASHRAE 16
Unitary A/C ARI 210/240, ASHRAE 116
Room A/C (Power<3kW, Capacity<10kW) JIS C 9612

Package A/C (Power>3kW, Capacity <28kW) JIS B 8616

KOR

Ductless A/C and HP

KS B 1SO 5151 (IDT)

Air conditioner

KS C 9306

SINGAP
ORE

Non - Ducted A/C and HP

JIS C 9612

Ducted A/C and HP

1SO 13253

CHINA

Room A/C and HP

GB/T 7725-1996

Multi-connected air-condition (heat pump) unit

GB/T 18837-2002

Asia-Pacific Economic Cooperation
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KS standards for CSPF & HSPF

e KS C 9306-2007 is available for SEER (CSPF & HSPF)
v Annex 5 provides the guidelines to define CSPF & HSPF

e Originally it come from ARI, and ASHRAE (US)
standards, and developed in 1992

e It was effective for Energy Efficiency Label and
Standard

e Three types

v Fixed-Speed Compressor

v Multi-speed & 2-Compressor

v Variable speed compressor

Asia-Pacific Partnership on Clean Development and Climate 13
* Table 1. Temperature and humidity conditions and default values - for cooling and heating
Test Condition (T)
Tests Test Descriptions Indoor Outdoor Remarks
DB wB DB WB
Fixed-Speed | Co0ling | standard 27 [195(190) 35 24(%) -
Compressor | (Lor2) -
low temperature 27 19.5(19.0) 29.0 19.0 Replaced with Table 2
Heating | Standard 20 15| 7 6
(20r3) ["pefrost 2 1
Low temperature 20 15 -8.5(-7.0) -9.5(-8.0) Replaced with Table 3
Multi-speed Cooling | Minimum 27 19.5(19.0) 35 241
& 2- (20r3) | standard
Compressor low temperature 27 19.5(19.0) 29.0 19.0 Replaced with Table 2
Heating | Minimum 20 15] 7 6
(Bor4) | standard
Defrost 2 1
low temperature 20 15 -8.5(-7.0) -9.5(-8.0) Replaced with Table 3
14

Asia-Pacific Partnership on Clean Development and Climate
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Cooling Minimum 27 19.5(19.0) 35 24
Variable speed (2or3) Intermediate If min. capacity > 0.5 X rated
compressor capacity, this test can be waived
Standard -
low temperature 27 19.5(19.0) 29.0 19.0 Replaced with Table 2
Heating Minimum 20 15 7 6
(50r6) Intermediate If min. capacity > 0.5 X rated
capacity, this test can be waived
Standard
Maximum -8.5(7.0) | -9.5(—8.0)
Defrost 2 1
Non-defrost
low temperature 20 15 -7 -8 Replaced with Table 3
* Remark :

1) The default values for calculation shall be specified in Table 2 for cooling and Table 3 for heating.
2) The letter in Red are a revised version which will be effective from Jan 2010.

Asia-Pacific Partnership on Clean Development and Climate 15
f: 2 Asia-Pacific
Economic Cooperation
“K i ==Table 2. Cooling Capacity, Power input — Correction factor, cyclic degradation coefficient
sinaay
o Classification Cooling Capacity (W) Power Input (W)
Fixed Speed Cooling Standard e A
Compressor [~ oling low temp. @9 = 10770, Py = 0.914P,
Degradation coefficient C,=0.25
Multi-Speed & 2 | Cooling Minimum - Py
compressors Standard Standard o, P,
Cooling low Minimum om_@ =1.0779,, Prapg = 0.914P,
temp- Standard Bz = 1.0770,,, Pogay = 0.914P,,
Degradation coefficient C,=0.25
Variable speed | Cooling Minimum @, P,
compressor Standard Intermediate o, P,
Minimum @, P,
Cooling low Minimum @m_@ =1.077®,, PH@ =0.914P,,
temp. Intermediate Do = 10770, Py = 0.914P,,
Minimum Povsizg = 1.0770,,, Praeg = 0.914P,,
Degradation coefficient C,=0.25
Asia-Pacific Economic Cooperation 16
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Asia-Pacific
Economic Cooperation

k-
'fabWQeating Capacity, Power input — Correction factor, cyclic degradation coefficient
"= 1— | Classification Heating Capacity (W) Power Input (W)
e Heating Standard [ P,
Heating Defrosting Udg, Fef
Heating low temp. Ppy5.5) = 0.601 @y, Pys.5 = 0.801P,
Speed & 2- | Degradation coefficient Cc,=0.25
compressors Heating Minimum 2, Py
Standard Standard @, Py
Heating Minimum Dpors Prn
Defrosting standard Derr Prerz
Variable speed Heating low minimum Dpi5.5) = 0.601 D, Phicss = 0-801P,,
compressor temp. standard Dpogs5) = 0.601 B, Proiss)= 08017,
Degradation coefficient C,=0.25
Heating minimum Dy Py
Standard intermediate Dy P
standard [ Py
Heating Defrosting Der Prer
Heating non-frosting Dpor Fror
Heating low minimum @,"l{‘g_s) =0.601 @, Priges = 0.8015,,
temp. intermediate Dy = 0.601 @, Pans.y = 0.8015,,,
standard Ppyo5.5) = 0.601 By, Proge.5) = 0-8015,,
maximum Piaes) Phse5)
AsiapacificE . Degradation coefficient C,=0.25 17
\Sta=FactTic =conomic CUUUTT AU

Asia-Pacific
Economic Cooperation

o"CooIing seasonal performance factor (CSPF)

_29
CSPF — -

Q.= x(1, ), ), LD

P(t) : Cooling power input (W) applicable to any capacity at outdoor temperature t;
X(t) : Ratio of building load to capacity at outdoor temperature t,
PLF(t) : Part load factor at outdoor temperature
@(t) : Cooling capacity (W) applicable to any capacity at outdoor temperature t;
n : Occurring period of time (h)
Asia-Pacific Economic Cooperation 18
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i) Asia-Pacific
Economic Cooperation

e Heating seasonal performance factor (HSPF)

2%
HSPF = S5

n 0, X (t)-By(t)n;, @
20, =2BL() 1, yp -3 A SR )
j= j=1 1

PLF(,)

j=

P (t) : Heating power input (W) applicable to any capacity at outdoor temperature t;
P RH(";) : Backup Heating power input (W) applicable to any capacity at outdoor temperature 4
BL(ti) : Building cooling load (W) at outdoor temperature
X(t) : Ratio of building load to capacity at outdoor temperature t
PLF(t) : Part load factor at outdoor temperature t;
d)(tl) : Heating capacity (W) applicable to any capacity at outdoor temperature ]
n : Occurring period of time (h)
Asia-Pacific Economic Cooperation 19
Nl ) Asia-Pacific
é - '\"‘ Economic Cooperation
[ ]

Occurring period of time which requires cooling and heating

T T TTrrrrrrrrrrTT T T 350'I'I'I'I' rTrrrrrrrTrTTrTTTT
240+ I KS C 9306 | { [ KS C 9306
[ New 1 3004 |2 New |
Il 1SO_Jap | I ISO_JAP
250
=160 =
> = -
2 1404 é 200
g1 £ 150
=] i =
g 100 §
O 100+
50
0

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 16 14 -12 -10 -8 -6 -4 2 0 2 4 6 8 10 12 14 16
Out door temperature ['C]

Out door temperature ['C]

Asia-Pacific Economic Cooperation 20
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2 Asia-Pacific
7/ Economic Cooperation

New Label for EELSP

Energy Efficiency Label and Standard Program
(Mandatory)

e New energy efficiency label starts from 2008

HNESEAS

w5 9 (L]
ST T R Y|

HATIGIM IR M B

Refrigerators, Freezers, Kimchi refrigerators, Air Conditioners, Washing machines, Electric Motors,
Drum washing machines, Dish washers, Dish driers, Rice cookers, Vacuum cleaner, Gas Boilers
Electric fans, Air cleaners, Incandescent lamps, Fluorescent lamps, CFLs, Ballasts,

Heatpump, Automobiles and more

Asia-Pacific Economic Cooperation 21

A Asia-Pacific
7 Economic Cooperation

e From Jan. 2010

e CO2 calculation is
considering in energy
label

e CO2 g/hr

CO2 calculation | HE |
DWW ABTESI-6001  HIAWHsR: 26500
WRIAHEREY - 60BWh

¥, ?'L\
I8 gpejappen 2

Asia-Pacific Economic Cooperation 22
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V) Asia-Pacific
C9ls’” Economic Cooperation

“o Calculation CO, emission : 1Wh = 0.425g
— Fixed capacity

Monthly - power - consumption(kWh)x 1000
0.6(running - rate)x 12(hrs)x 30(days)

— Two stages and variable capacity

x0.425(g)

Monthly - power -consumption(kWh) x 2 x1000

0.425
732(hrs) * (9)

Asia-Pacific Economic Cooperation 23

V- o) Asia-Pacific
e ¢/ Economic Cooperation

Energy Efficienc Level
for cooling only

“~e Scope
— rated cooling power consumption of not more than 7,500W and rate cooling capacity of
not more than 17,500W (23,000W will be expanded from 2010)
— Exclude water cooling, duct-type, portable, multi-split type
— Air conditioners subject to standby power after 15t of January, 2010.

— For a fixed speed compressor type EER(Cooling Energy efficiency ratio) shall be used
according to KS C 9306, and for a variable capacity and 2 and more compressors type
and a inverter driven compressor type CSPF(Cooling Seasonal Performance Factor) ) shall
be used according to KS C 9306.

Energy Efficiency Ratio(EER)
Type
MEPS 1st Grade
Window air conditioner 2.88 3.94 & Standby Power
RCC < 4.0 kw 3.37 4.36 & Standby Power
Split ¢ 4.0 kW < RCC < 10.0 kW 2.97 4.40 & Standby Power
i e
pILYP 10.0 kW < RCC < 17.5 kW 2.76 4.62 & Standby Power
10.0 kW < RCC < 17.5 kW 2.63 4.11 & Standby Power

Asia-Pacific Economic Cooperation 24
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Energy Efficiency Level
for heatpump

Cooling EER(CEER) + Heating EER(HEER)

2
Non-ducted and ducted unitary .
(Including window type) Split type, RCC < 4kw
R Level R Level
3.20<R 1 4.00<R 1
290<R<3.20 2 3.60 <R < 4.00 2
2.60<R<2.90 3 3.20<R < 3.60 3
2.30<R<2.60 4 2.80<R<3.20 4
2.00<R<2.30 5 2.40<R<2.80 5
Asia-Pacific Economic Cooperation 25
“ "L Asia-Pacific
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Split type, 4kW < RCC < 10kW Split type, 10kW < RCC < 23.0kW
R Level R Level

3.80<R 1 3.20<R 1

3.40 <R < 3.80 2 290<R<3.20 2

3.00 <R < 3.40 3 2.60=<R<2.90 3

2.60 <R < 3.00 4 2.30<R <2.60 4

2.20<R <260 5 2.00<R <230 5

Asia-Pacific Economic Cooperation 26
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e Rate cooling capacity

- 17,500W — 23,000W

CO2 Calculation should be shown

Energy Efficiency Level is considering more higher
— 10% ~ 15% higher

Standby power should be met to get 1st Grade

— Less IW or 3W

e It will be effective from 2010

Asia-Pacific Economic Cooperation 27
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Revision

e KS provides information to calculate SEER

e Two stage capacity units and variable
capacity units should be adopted with CSPF
method

— But, KS is a little bit different with proposed 150
method
e Temperature bin
» Temperature conditions, and etc..

— KS is being considered to revise with 1SO

Asia-Pacific Economic Cooperation 28
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Asia-Pacific Partnership on
Clean Development and Climate

e The purposes of the Partnership are to:

— Create a voluntary, non-legally binding framework for international cooperation to
facilitate the development, diffusion, deployment, and transfer of existing, emerging and
longer term cost- effective, cleaner, more efficient technologies and practices among the
Partners through concrete and substantial cooperation so as to achieve practical results,

— Promote and create enabling environments to assist in such efforts;

— Facilitate attainment of our respective national pollution reduction, energy security and
climate change objectives; and

— Provide a forum for exploring the Partners’ respective policy approaches relevant to
addressing interfinked development, energy, environment, and climate change issues
within the context of clean development goals, and for sharing experiences in developing
and implementing respective national development and energy strategies.

— The Partnership will be consistent with and contribute to Partners’ efforts under the
UNFCCC and will complement, but not replace, the Kyoto Protocol.

Asia-Pacific Partnership on Clean Development and Climate 29
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e

-

)

‘\Ministerial Committee\

y PIC ) ASG )

QPolicy Implementation Committee) uAdministrative Support Groupy
1
€ M Y Y ) )Y Y iningd
U REDG )Q Cement ) CF I PGT PN BA N Steel )( AL /“Coal Mining’)

New TF Road Transportation TF is being considered, but not yet
approved
More information : http://www.asiapacificpartnership.org

Asia-Pacific Economic Cooperation 30
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BATF Mission & Goals

Use cooperative mechanisms to support the further uptake of
increasingly more energy efficient appliances, recognizing that
extensive cooperative action is already occurring between Partner
countries.

Promote best practice and demonstrate technologies and building
design principles to increase energy efficiency in building materials
and in new and existing buildings.

Support the integration of appropriate mechanisms to increase the
uptake of energy efficient buildings and appliances into broader
national efforts that support sustainable development, increase
energy security and reduce environmental impacts.

Systematically identify and respond to the range of barriers that limit
the implementation of end-use energy efficiency practices and
technologies.

31
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History

1st BATF meeting, Berkeley, US, April 2006

2nd BATF meeting, Canberra, AU, Nov. 2006

3rd BATF meeting, Seoul, Korea, July 2007

4th BATF meeting, Washington DC, US, Nov. 2007
5th BATF meeting, Seoul, Korea, 23-24 June 2008
6t BATF meeting, Melbourne, AU, 21-24 Sep 2008
7th BATF meeting, New Delhi, IN, 8-10 April 2009
8th BATF meeting, Tokyo, JP, 7-8 Oct 2009

32
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Appliances

Asia-Pacific

Approved Projects

Economic Cooperation

Project Theme

Ongoing Projects
8 projects
- Flagship 1. Quality Assurance and Harmonization of CFLs (USA-
Australian lead)

Buildings

Alignment of National Standby Power Approaches (Australia Lead) 1 project

Market Transformation (Japan Lead) 6 projects
Building Certification (China Lead) 5 projects
Improvements to Existing Buildings (USA Lead) 1lprojects

Role Enhancement of Building Energy Codes (Korea Lead) 3 projects

8 projects

- Flagship 2. Green Buildings Flagships in China (USA lead)
- Mayors’ Training Center
- Buildings Center of Excellence
- Olympic Micro-Ener% Building (Completed)

- ship 3. Green Spaces India Lead

Utility Regulation and Incentives (USA Lead)

2 projects
Smart Systems (Australia Lead) 1 projects
Green Leases (Australia Lead) 1 projects
Commercial Financing (USA Lead) 1 projects

* 54 BATF Projects.: 47 ongoing, 1 completed, 6 cancelled or hibernating

Asia-Pacific

APP BATF Projects

33

Economic Cooperation

=) - -
Project Number & Title:

BATF 06-04, Harmonization of Test Procedures for HVAC

Lead Partner Country and manager: Korea, Jun Choi(KTL)
Participating Partner Countries and Organizations

Australia, India, Japan, USA, China(potentially)

Objectives

To develop a process for arriving at methodology for test procedure of AC/HP that
measure product energy efficiency and/or energy consumption that are
harmonized among the participant countries

To share the developed new methodology, and to recommend the formal
standards by an economy’s standards-setting agency or by an international
agency such as the International Standards Organisation (I1SO)

To develop a process for establishing a base on which mutual acceptance of

accreditation of energy efficiency testing facilities and the results of test
performed at these facilities can be achieved

Asia-Pacific Economic Cooperation
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1SO TC86 SC6 WG1

~~e Japan proposed APF(Annual Performance factor)
NWIP in 2006, and it was accepted in 2007
e |ISO TC86 SC6 WGL1 is running to develop a new
test method for AC/HP

— First WG meeting was held at Paris 19-20 September 2007, and
then 6 times meetings

e Convenor is Mr. Bernard Hugh from England
— Japan, USA, Korea, France, and Spain are particjpated

e In the next meeting WD will be finalized, and next
couple of years will be released hopefully, it could
be expanded globally

Asia-Pacific Economic Cooperation
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/

Asia-Pacific Economic Cooperation
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S.E.E.R
Workshop

October 2009

Ed Winter, Technical & Standards Advisor
Energy Efficiency & Conservation Authority,
New Zealand

- EECA
2 3\ Asia-Pacific @EUSINESS.
§” Economic Cooperation e
@ energywise.

The Problem

21% of NZ homes have an Air Conditioner:
Heat Pump.

Up from 4% in 2000
50% of new houses have A/C:H/P’s installed

Heat pumps are the most popular choice for
‘clean heating'.

Many areas in NZ are bringing in clean air
regulations.

People often specify and buy them for one
function (cooling or heating) but use them all
year round
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non-ducted & ducted reverse-cycle air
conditioners)

® AS/NZS 3823.2 Registration, MEPS &
labelling

® A Joint program with Australian Gov't -
Minimum Energy Performance Standards
have been in place since 2001(3 Phase)
& 2004 (single Phase)

Why we need Standards?

=== ® Customer information - “Buy by the
Stars” - the more ‘stars’ the better

® Government information and
monitoring

® Removes worst performers from
market and ensures NZ is not a
“dumping ground” for poor
performing products

® Drives improvements in technology
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Conservation Authority
Te Tari Tiaki 1gac

Benefits of doing this?

Sales weighted average COP for single-phase Air Conditioner/Heat Pumps

MEPS EER levels
revised in Apr'
2006

L —

/‘

—&— COP (Sales vol w eighted average) ‘

CcOoP Total efficiency
improvement since
MEPS/MEPL &
MEPS levels ENERGY STAR
increased/introduced were introduced

in Oct' 2004 for EER

/

ENERGY STAR
programme introduced
in Dec' 2006 for EER &

2003-04 2004-05 2005-06

Energy

Energy Efficiency and
Conservation Authority
Ta Tari Tiaki POngao

Cooling

The more stars the
more energy efficient

ENERGY RATING

Rating

2006-07 2007-08 2008-09

Sales Year

Labe

Heating

The more stars the
more energy efficient

ENERGY RATING

Capacity Output kW Power Input kW

Power Input kW

Capacity Output kW

A joint government and industry program
Kool and Kesy Komfort air conditioner
Model KRCMO001

Variable output compressor I:' Iz
(hun’n:"and u:n\lnl:) YES NO
When tested in accordance with AS/NZS 3823.2.
Actual energy use and running costs will depend on how you use the appliance

Demand Response (AS4755)

Compare models at www.energyrating gov.au

Mode | |Z[ Mode 2 |:| Mode 3 |Z[
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Star Rating Index

SRI. Algorithm =

[ (EER/COP x 8) — 18]
4

Star Rating EER/COP

But, this is based on

“Rated” capacity (i.e.
at 100%), for heating
or cooling operations

Test points

i ® A/C products must be tested at “T1”

® = 35°C Dry-bulb/24°C Wet-bulb.
Can also be tested at other temps
for hotter and cooler climates.

® Heat-pumps must be tested at “H1”

® = 7°C Dry-bulb/6°C Wet-bulb. Can
also be tested at other temps for
colder and very cold climates.
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Meteorological Statistics

Annual Temperatures (NZ, Aus + ROC)
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Metereorological Statistics

Degree Days (NZ + ROC)

4 -3-2-1012 3456 7 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Ambient Temp (Deg C)

Annualised Performance

2,000 x Cooling/heating
(2,000 x Pg) +( 6,760 x Eg)

*Uses tested “rated” (i.e. 100%) output
for cooling/heating (kW)

*Pe = "Effective Power Input = Energy
used in "Operational Mode* (kW)

* Eg = Energy used in "Standby" or "Non-
Operational Mode* (kW)

* Assumes 2,000 hours of operation

66



Performance Vs Temperature.

COP Vs Temperature

® x4 O 4 % o % O Q4 &

Quitside Air Temp (Deg C)

Integrated Part Load Values
(Chillers)

IPLV Weightings

~— Eurovent
ASINZS
4776
— ASHRAE
—*— APEC

—l- Singapore
JIS C 9612: 1994

Weighting

25%

100% 75% 50%
% Rated duty (Load)
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SEER-

(Pout.cooL100% X HI'ScooL100%)* (Pout.cooLson X HIScoolsom)

Desc. Example
Pin-cooL100% 1.82
1.35

Pin-cooLs0%
Pout-cooL100% 5.00
Pout-cooLso% 4.50
Pin-cooL-nopP 0.001
HrscooL100% 50
Hrscoovso% 800

LY (Pin-cooL100% X HI'ScooL100%)+ (Pin-cooLsos X HIScooLsos) (8760-HrscooL100% - HrScooLsos) X Pinnop

EER =2.75
SEER = 3.27

SCOP (HSPF) =

Desc. Example
PIN-HEAT100% 2.51
PiN-HEAT50% 1.49
Pout-HEAT100% 8.00
Pout-HEATS0% 5.50
PiN-HEAT-NOP 0.002
HrsHeaT100% 155
HrsHeaTso% 1,000
Hrsnop 6,737

68
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Ener iciency and
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Conservation Authority
Te Tari Tiaki Plngao

SHCPF

(Seasonal Heating & Cooling
Performance Factor) =

(Pournearioon X_Hrnearioon) + (Pownearison X Hrweatson) + (Pourcootioos HrScootioom) + (Pouecoosos X HrScoorsow)

veatiooss X HrSueatioon) +  (Pivweatsos X HrSueatsow) + (Pivcootioose X HrScoorioo) + (Pivcootsow X HrScoorsos)

(8760 - HrSueatiooss - HISeatson)

- Hrscoorioom -

Desc.

Example

Desc.

Example

PiN-cooL100%

1.82 PIN-HEATlOO%

I:)IN-COOLSO%

2.51

PIN-HEATS0%

1.49

1.35
PouT-HEAT100%

8.00

POUT-COOLlOO%

5.00 Pout-HEATS0%

5.50

Pout-COOLSO%

4.50 I:)IN-HEAT-NOP

0.002

Pin-cooL-NoP 0.001 HrSheati00% 155
HrscooL100% 50 Hrspeatso0% 1,000
HrscooLso0% 800 HrSnoe 6,737

Energy Efficiency and
Consaervation Authority

NOF

I ISLAND

1 ISLAND
-~ [~ CH

QLW ?\\ NB/OP
5 co

€. VA
N

SIZING YOUR HEAT

@ EECA .

PUMP
THE BOWER TO CHOOSE
A) Region ‘Wellington
Climate Index 3
Design temperature 1 Degrees C
(B) Room Type (Design Temperature) Lounge (20 Deg C)
2
(C) Insulation Good (2008 onwards)
1 2
2
3
4
(D) Windows - Size in Rm Large - 60%
1 3
2
3
4
(E) Number of outside walls Two
1 2
2
3
G Total score = (A) + (B) + (C) + (D) + (E) + 12 ]
(G) Room area X 8 160
Length (m)
Width (m)
(H) =(G) + 100 260
Heater size (W) = (F) X (H) 3,120 W
Heat size (kW) = (F) X (H) 3.12 kW

But remember, this must be sized at the Heat Pump's "Design Temperature” fol
Also allow for local variation (i.e. valleys, rivers etc)

69
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In New Zealand, you'll find the ENERGY STAR mark
on leading heat pumps, dishwashers, fridge/freezers,
washing machines, TVs, DVD players, home theatre
systems, computers and office equipment.

By choosing to buy products and appliances that
have earned the ENERGY STAR mark, you'll save
money on your power bill, plus you'll be helping to
protect our environment.

ENERGY STAR is awarded to the most energy
efficient products available, typically the top 25% of
each class

However, incorrect sizing or installation can still
reduce performance and undermine efficiency

The Future??

= ® Ver 1 — based on rated EER & COP only

® Ver 2 -*“annualised” EER & COP, with
standby power consumption included in
the calculation

® Ver 3?7 — “Regional”’ capacity & power
consumption?

® Ver 4 - “Regionalised” annualised
capacity & power consumption, based

on Seasonal Heating & Cooling
Performance
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4. The Seasonal Energy Efficiency (SEER) of Air conditioners in China

Questions
t)

Thankyou ©

® Ed.winter@eeca.govt.nz
® Tel 0064 4 495 8278
®  www.eeca.govt.nz

The Seasonal Energy
Efficiency (SEER) of Air
conditioners in China

Cheng Jianhong
National Institute of Standardization
h 2009.10.5 Taibei
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Content

= Present status of SEER in China

Implementation approaches of China’s
‘r romotions

1. Room air—conditioner
— variable—speed
— single—speed

2. Uniteriy air—conditioner
(commercial sector)

3. Muti—connected air—
conditioner
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Production about 70 million units

Appliance Production in China

—

il

)"
A

——Refrigerator
——RAC

Washing Machine
—*—Freezer

——Microwave Oven

1995 2000 2005 2006 2007

Year

Production and Sale of RAC in China

Market sale share of main appliance in China

ORAC

B Refrigerator
OWashing Machine
OMicrowave Oven
B Fan

DORice cooker

B Heater

Oother

3500

3000 -

2500

2000

1500

1000

500

0

20054

20064

3100

20084¢

[ g g —— I —— G

2005— 20094 HZ ATV AMEER (TE)

44

B P RSN

5196 50%
40%
30%
20%
10%
1 0%

-10%

-20%
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TYPE

Stand No.

Title

Room Air-

GB12021.3-

The minimum allowable values of
energy efficiency and energy

conditioners 2004 efficiency grades for Room Air- (COOI!ng
conditioners +heating)
Unitary Air- GB19576- The minimum allowable values of EER APF
i energy efficiency and energy
conditioners 2004 efficiency grades for unitary Air-
( conditioners
GB19577- The minimum allowable values of COP IPLV
2004 energy efficiency and energy
efficiency grades for water Chiller
GB21454— The minimum allowable values of IPLV IPLV
2008 energy efficiency and energy
efficiency grades for Multi-connect
Air-conditioners
The minimum allowable values of SEER APF
| energy efficiency and energy :
efficiency grades for Variable-speed (COOIIng

1.2.1 History of MEPS for single-speed Room A

2014 —

omalir-conditioner Standardizatiol

=

£

EER or SEER or APF

Pl

2009

, MEPS, + Certification:EER

2000

1989
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Limited value of energy efficiency (or energy
consumption), mandatory requirement.

» Evaluating value of energy conservation, voluntary index.
China’s energy conservation products;

» Energy grade, products are divided into 5(or 3) grades.

EER in RAC MEPS

-

=
S LA n b s

r=

1989
2000
w2004
W 2009 (Under revising)
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.7!ul-‘k . P "1 -t
> Test standard: GB12021.3, GB/T7725 (equiva|em$
5

Cooling heating

Temperature of air entering indoor

dry-bulb

Energy efficiency level of RAC

RAC Maket Share 2005-2008(by model)

80%
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1.3 Main Problem |
+ Which is better in China? single:

or variable-speed air-conditioners

= single-speed air-conditioners are evaluated by
EER standard, while variable-speed air-
conditioners are evaluated by SEER standard.

= consumers not to differentiate the energy
~efficiency between these two types of air-
- conditioners.

equire for heating mode of RAC

evelop Requirement for air-conditioners in
node, but not for heating mode.
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Weather and consumers’ habit in Each City

YLFHShenyang
Severe Cald

HM Sl

Severe Cold Jt 5 Beijin

Zhengzhou .S Jg

vrEgJinan

EX ; .
.- .h Severe Cold  F&2% ﬁﬁ{
e i Nanjing

_k¥¢Shanghai
B
Hangzhou

&M Fuzhou

Possible Technical Trends of EE Standards

for Air-conditioners

~ Add the requirements for the efficiency in heating

~ study the possibility of using SEER standard to evaluate single
and variable-speed air-conditioners

» APF—annual performance factor

P cooling + heating
energy(cooling)+ energy(heating)

~ annual Energy consumption ( cooling +heating)
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1.4 Workplan for Survey of family energy-consumption & Runni
of RAC in China

« Goal Schedule ’

+ Meter for whole = 2009.3-2010.5
family energy- = CNIS. IEEJ]
consumption ’ ’

CLASP

e running our"e of room air-con ;
: *7‘3."*91"*"’

2ERIHE=770.2 )BT

i
wl
-
=
sl
ol
.}
-l

=
=3

S 4 321012 3.4 3.67 ﬂ_.-B 10 11 12 13 H15161718‘I.BZDZI.12’,2325‘425262725293031323334353'61?

TR C

%
il < -
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Running time of RAC In China
1) s

400 -
350 | o BATE-1136 M
-~
=300 ¢ —a—GB7725-2399/]H
50 | Y RN
=0 |
2200

| w150 ¢

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
FAMEE (C)

— —

1.4.2 Survey |
---- Family energy-consumption |
---- Load of RAC = .

Energy consumption of household appliance (2006)
§ 600
o
by
—
5 500
Cé 400
3 2
b 300
%- 2
9]
g 200
9]
2 100 [
: B
g 0 [ | [ |
Q [ & & c - )
=& & & & & 5y, & B % 3}
3 : g LA . §. S131%
o 9] = | o o~ K
5 = = 3 K E 8
product
B Energy consumption per year B energy—saving potential‘
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Content

©® Present status of SEER in China

Implementation approaches of China’s
&r_omotions

Mandatory _
= EE Grades Voluntary l
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« China Government Procurement(}
« Tax reduction

= value added tax
= income tax of company
.+ Consumer price-support subsidy
= appliance price reduce by 13% in countryside
~ (TV, REF, Mobile phone, Washer, RAC, heater,
10torcycle,computer,etc)

‘ Al
‘rr

Thanks!

E-mail: chengjh@cnis.gov.cn
Tel: +86 10 58811741

0.4, Zhichun Road, Haidian District,
ijing, 100088, China

% 8
4~\
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5. The Role of SEER of air conditioners in Energy Efficiency Management in

Chinese Taipei
TERRMAATERE
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The Role of SEER of air conditioners in
Energy Efficiency Management in
Chinese Taipei

Shin-Hang Lo
October 5, 2009

Energy & Environmental Research Lab.,
Industrial Technology Research Institute

Copyright 2009 ITRI

TRIXAMTARFERE
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Energy Supply in Chinese Taipei

Chinese Taipei (1) Due to the shortage of

(2007) indigenous energy, 99.2%
147.24 Million of total energy supply is
KLOE imported.
0o o (2) IMported crude oil is the
0.4% major portion of energy

supply about 51.1%.

(3) Fossil fuels account for
91.6% of total energy supply.

(4) The concentration of energy
types is 61.5%.

Dependence on Imported Energy : 93.5% 98.2% 99.2%
1987 1997 2007

Copyright 2009 ITRI
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£ =S5 Energy Consumption in Chinese Taipei

Chinese Taipei (2007)
121.03 Million KLOE

Non-energy use

4.3%

Agriculture

0.9%

Industry
51.

Energy

7%

(By Sectors)

Transportation
13.1%

(1) During 1987~2007, average
annual growth rates of energy
consumption and GDP were
5.5% and 5.7 %, respectively,
economic growth had not yet

decoupled with energy
consumption.

(2) Industry sector is the largest
portion of energy consumption
(51.7%), followed by
transportation sector (13.1%).

(3) The shares of energy
consumption in service and
residential sectors increase .

Copyright 2009 ITRI

TR

Industrial Technology
Research Institute

Energy Policy in Chinese Taipei

Policy Framework and its implementing Measures

Background |—»|

Overall
Objective

Change in Foreign and

Domestic Energy

Situation

Trend toward Liberalization of
the Energy Industry

Increased Environmental

Protection Pressure

Energy Policy in Chinese Taipei

Stabilizing
Energy
Supply

Reinforcing
Energy Research
and Development

and

Promoting

Energy Education

Dissemination

Policy [,/
Targets

Policy |
Contents

1.Intensification of
integrated energy
planning.
2.Promotion of
diversification of
primary energy.
3.Construction of the
use of energy
development.
4.Precise stipulation
of energy safety
reserve and
reserve capacity.
5.Promotion of
exploration in
energy resources.

Increasin Deregulatin EHETENTE)
Energy & Er?ergy 9 Energy Safety and
Effici Enterori Environmental
iciency nterprises Protection
| |
1.Enhancement |[1.Review and Revision|| 1.Enhancement of
of energy of laws and energy safety.
productivity. regulations 2.Active introduction of
2.Stress on governing energy clean energy.
energy related enterprises in| | 3.Promotion of high-
conservation (| order to establish a efficiency and low
3. Develop fair and competitive pollution equipment
fair market environment. and technologies.
mechanism |2.Promotion of the 4.Formulation of
4.Reasonable liberalization and appropriate strategies
reflection of privatization of to cope with the
social cost in energy enterprises. development of

energy prices.

international environ-
mental protection.

1.Promotion of R&D
in energy
conservation
technologies.

2.Review and
research in
Renewable
energy and
promotion of its
utilization.

3.Strengthening
international
cooperation.

1.Promotion of
energy
education in
schools,
industry and
the public.

2.Training of
professional
energy
personnel.
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World Air Conditioner Market

U The total sales volume of air conditioners of the world increases

from 55 million in 2003 to 75 million units in 2008 -
36% for 5 years

World Air Conditioning Market

O Total AC
B RAC
OPAC

Million Unit

0
2003 2004 2005 2006 2007 2008
- Copyright 2009 ITRI

TR XA TR

Industrial Technology
Research Institute

RAC Domestic shipments of Chinese Taipei

U The domestic shipments of room air conditioners (RACs) in Chinese
Taipei 1s around 1 million units a year. However, there 1s 20%
fluctuation depending on the weather and economic situation.

O Sales of split type units are estimated about 60% of the overall air
conditioner market in 2008. Additionally, inverter units takes about
45% of RAC market , while more than 80% of inverter units use

R410A.
Inverter
45%

T

Air conditioner market share of Chinese Taipei
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Industrial Technology
Research Institute

RAC Domestic shipments of Chinese Taipei

Year
Type 2006 2007 2008 2009/01~08
RACs (Window) 424000 37% 3% 383000 34% | 33.5% 292000 30% | 29.1% 212000 | 39% | 38.0%
RACs (Split) 710600 63% | 61.9% 746800 66% | 65.3% 696300 70% | 69.4% 333200 | 61% | 59.8%
» split system AC
(with one indoor 632000 56% | 55.1% 662000 59% | 57.9% 608000 62% | 60.6% 296000 | 54% | 53.1%
unit)
* Multi-split
(those having two
RACs indoor unit with two 67200 6% 5. 9% 66600 6% 5. 8% 65900 % 6. 6% 27700 5% 5.0%
independent indoor
controls)
* Multi-split (those
having more than two
indoor unit with more 11400 1% 1. 0% 18200 2% 1. 6% 22400 2% 2.2% 9500 2% 1.7%
than two independent
indoor controls)
RACs Total 1134600 [ 100% [ 98.9% [ 1129800 | 100% | 98.8% 988300 | 100% | 98.6% 545200 100 %974 8%
Commig“al SKY AIR 8700 0.8% 9000 0.8% 8900 0.9% | 5600 1.0%
Central AC | VRV 4100 0. 4% 4500 0. 4% 5600 0. 6% 6500 1.2%
Total 1147400 100% | 1143300 100% | 1002800 100% 557300 100%
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Home Electricity Consumption in Chinese Taipei

e of optiace s | Energyconamption |9 of ol ey
Room Air Conditioner 2.7 3646 45.1
refrigerator 13 875 10.8
Water dispenser 1.1 634 7.8
Electric water boiler 1.1 584 7.2
TV 2.0 403 5.0
Electric Pots 1.1 341 4.2
Heater 1.3 246 3.0
dehumidifier 1.3 200 2.5
Home Electric fan 32 152 1.9
appliances Clothes washer 1.1 53 0.7
microwave 1.0 72 0.9
Hair dryer 1.0 48 0.6
Kitchen fan 1.0 42 0.5
Clothes dryer 1.0 40 0.5
iron 1.0 29 0.4
Acoustic stereo 1.3 23 0.3
Rice cooker and others 1.4 85 1.1
subtotal 7503 92.8
Lighting Lighting bulbs 20 584 7.2
Total 8087 100.00
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Minimum Energy
Performance

Labeling

2010)

Framework of

Standard
(MEPS)
14 products

The Comparative

(will start from

Energy Management
n Chinese Taipei

Management in Chinese Taipei

The Voluntary
Labeling
27 products

The Minimum Energy Performance Standard

*  Manufacturers and importers are obliged to apply in advance for
compliance certification; compliance with Minimum Energy
Performance Standard (MEPS) and fuel economy requirements is
mandatory before the regulated items can be put on the market

Minimum Energy Performance Standard (MEPS) in Chinese Taipei

Effective Year Categories (MEPS) New Criteria effective date
2002 Non-conductive Air-Conditioners (EER) 223‘;21;’ jgﬂ: i ﬁgié
2002 1 & 3 phased Induction motors
2003 Refrigerators Jan. 1, 2011
1987 Automobile & motorcycle Aug. 2009
2001 Fluorescent lamps
2007 Self-ballasted fluorescent lamps Jan. 1,2010

Copyright 2009 ITRT

87




TR

Industrial Technology
Research Institute

Progress of MEPS of Inverter AC (under 4.0 kW)

QO The progress of MEPS of inverter air conditioners under 4.0
kW of Chinese Taipei upgrades 24.5% and 38.9% from current
standard to 2011 and 2016 respectively.

Energy Efficiency of Inverter Air Conditioners
(under 4.0 kW)

cop

0
before 1993 1993 2002 2011 2016

Copyright 2009 ITRI
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MEPS of RAC for Different Economies

Research Institute

Chinese Japan Japan Korea | China | China | Australia
Taiei 2007 2007 2008 2004 2009 2010
type Cooling capacity (kW) zofo Target 1 star MEPS | MEPS | MEP MEPS
Standar | Standar S
MEPS
d d
Less than 2.2 JNII5)
; 22~4.0 3.20
Single 2.67 214 288 | 230 | 2.90 2.75
type  140-~7.1 3.00
7.1~10.0 2.95
2.2~3.2 (for Japan) 3.64 291
Less than 4.0 Eae 3.08 2.46 3.37 260 320 3.05
Split
type 40-~71 3.20 291 2.33 2.97 2.50 3.10
7.1~10(for Korea) 2.97 21
.1~10(for Korea, .
10.0~ (others) BaI5 2.81 2.2 276 2.40 3.00

Note: The test conditions of different economies are not considered in this table.

Copyright 2009 ITRI
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"MEPS of split type RAC for Different Economies

EER |
5.0

4.0

3.0

2.0

CC 20 3.0 4.0

10.0
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“MEPS & Effective date for proposed products

Proposed Efficiency E)s(gsi(:ed
Type of Device MEPS increased 100 9
Effective date (%) ( milliom

kWh )
Storage water heater 2013 10~20% 0.2
Electric Pot 2013 10~20% 0.24
Electric water dispenser 2013 10~20% 0.24
Clothes washer 2013 10% 0.05
Clothes dryer 2013 10% 0.05
Conductive Air conditioner 2014 15% 0.67
Emergency exit sign 2014 50% 0.2
Split type air conditioner (SEER) 2014 10% 0.1
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“"*The Energy Standard & Labeling Programs

Energy Conservation Labeling program --Endorsement Labels

A voluntary program to encourage the
manufacturers/importers to develop/import the high energy
efficiency products

To encourage the consumers to buy high-efficiency products
and to enhance the high-efficiency products market
transformation.

It has been implemented since 2001, and its targeted products
are the home appliances, lightings, office equipments, gas
burning appliances and vehicles.

The top 15% to 30% efficient products on the market will
receive this label accreditation. Chinese Taipei’s Energy
Label (Energy Conservation Labeling @ is similar to

- ITERNHTER
Industrial Technology
Research Institute

The Energy Voluntary Labeling Programs

Benchmarks for Energy Label Products(27 product Categories)

Year Categories
2001 (1)air-conditioners (2) refrigerators (3) dehumidifiers (4) clothes dryers

2002 (5)TVs (6) clothes washers (7) electric (8) fans, fluorescent lamps (> 32 W)
2003 (8)fluorescent lamps (< 32W) (9)hair dryers (10) hand dryers
2004 (11)warm-hot water dispensers (12) chilled-warm-hot water dispensers

2005 (13) chilled-warm-hot drinking fountains (14) automobiles & light trucks
(15) motorcycles (16) self-ballasted fluorescent lamps

2006 (17) thin film transistor-liquid crystal display (18) instant gas burning
water heaters (19) gas burning cooking appliances (20) electric rice
cookers

2007 (21)Electric Storage Water Heaters (effective on Jan. 1, 2008)(22) Electric
Pots (23) Exit Lights and Emergency Direction Lights(24) DVD Products

2008 (25)Warm-hot drinking fountains (26) Luminaires (27) Integrated Stereo

812 Energy Conservation Labeling certified RAC models with 33 brand
names on Sep. 16, 2009
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Progress of standards of Voluntary labeling program

Chinese Chinese Chinese Korea
. . Taipei Taipei Taipei 2008
type Cooling capacity (kW) 2001 2006 2000 4 star
standard standard standard
Less than 2.2 2.98 3.15 3.30
Single | 22~40 3.05 3.20 335 sa1
type 40-~7.1 2.86 3.00 3.10
7.1~10.0 2.86 2.95 3.05
2.2~3.2 (for Japan)
Less than 4.0 3.19 3.45 3.85 3.88
Split
type 40-~7.1 3.14 3.20 3.55 3.42
7.1~10(for Korea) 3.42
10.0~ (others) S S Sl 3.17

Copyright 2009 ITRI
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The Achievement of Voluntary labeling program

Market Share for Air Conditioners, Refrigerators and Dehumidifiers

60 O Air Conditioners O Refrigerators O De idifiers

2005 2006 2007 2008

Copyright 2009 ITRI
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The of Information labeling program

Informative Voluntary Energy Efficiency Label.. ..

B Purpose
By recognizing the Voluntary Energy Efficiency
Label which unveils the information of energy
efficiency and annual energy consumption for
both the product itself and equivalent products,
consumers are encouraged to purchase products
with high energy efficiency and low annual
energy consumption, and the objective of energy
saving can be achieved.

W Scope
Priority labeling items include air conditioners,
refrigerators, and clothes washers, which
together account for 50% of the household
energy consumption (lighting equipments
excluded).

B Partnership
19 manufacturer voluntarily participate in this
program, while 7 major chain stores also commit
to assist the promotion activities by posting the
promotion posters and exhibiting certified

products with Voluntary Energy Efficiency Labels.

H Promotion
v'Holding “the Voluntary Energy Efficiency
Label Initiation Ceremony” on March 13,
2009, days before the World Consumer Right
Day.
v  Promoting the label via poster, print media,
and TV media.

TR

Industrial Technology
Research Institute

The Voluntary Energy Efficiency Label Initiation Ceremony. From left to right, Mr.
Johnsee Lee, President of ITRI, Mr. Chen-Chung Deng, Dep

The Establishment of Comparative
labeling program in Chinese Taipel

Copyright 2009 ITRT
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The energy utilization facilities or apparatus, which are | @ MEPS of © Use MEPS to eliminate
designated by the central competent authority, designated low energy efficiency
manufactured by local manufacturers or imported by energy products
merchants for domestic using should conform to the utilization
permit standards of energy consumption set up by the facilities or ® Use Mandatory energy
central competent authority. Meanwhile, the said apparatus efficiency labeling to lead
facilities or apparatus should be provided with a label the customers to choose
which indicates its energy consumption and the energy ® Mandatory high energy efficiency
efficiency. energy products, to achieve save
efficiency energy and reduce carbon
If the designated facilities or apparatus fail to conform to labeling of emission target.
the permit standards of energy consumption, such designated
facilities or apparatus should be prohibited from energy
importing or selling on domestic market. utilization
facilities or
If designated facilities or apparatus fail to put on the apparatus
label, such facilities or apparatus should be prohibited
from display or selling on domestic market.
The central competent authority should announce the
appropriate MEPS and its monitor method, and the
labeling, verification and test method for energy

Coovright 2009 ITRI
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International Comparative Labeling Program

Canada
1978%9

Corea

| wmzusész 11093
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Management Process of Designated Energy Apparatus

X 1
Importer,
first ime importation ~ Manufacturer
first ime domestic production

v

TAF verification and inspection Laboratory
(40~60 days)

!

Accordin%_to the test method, checking the
er}ergy efficiency and energy consumption
rate

! }

Review relevant Enterprise attached energy efficiency
codes in custom

. (release) test report

Customs <

7~14day

l Registration of products
Inspection by BOE designated organizations energy efficiency and
(Compliance with MEPS and labeling regulation) (7~14 days) announce the product

i efficiency ranking

Customs computer information networks
monitoring (MEPS- control border)

Additional |
checking list

Copyright 2009 ITRI
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Candidates of comparative label
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Comparative labeling

, Clothes washer 2013.1
products effective
Non conducted air 20107 Clothes dryer 2013.1
conditioner (EER) ’ Electric storage water
- 20141
refrigerator 2010.7 heater
Self-ballasted fluorescent Conducted air conditioner | 2014.1
lamps 20111
= v 20111 Compact fluorescent lamp | 2014.7
rorescent amp = |7V 2015.1
dehumidifier 2011.1 LCD Montt 20151
onitor .
Water dispenser 2011.1 — -
Drinking water fountain 2015.1
Electric Pot 20111 -
Non conducted air 2016.1
3 phase induction motor 2012.7 conditioner (SEER) ]
Single phase induction motor | 2012.7 Electric fan 2016.1
Condenser 2016.1

Note: The effective schedule for promoted products have not been finalized.

Copyright 2009 ITRI
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Closing Remarks

« New MEPS for RAC will be effective in 2011 and 2016
based on EER in Chinese Taipei.

* The current voluntary labeling and upcoming
comparative labeling of room air conditioner will still be
based on EER.

e The Draft of SEER will be proposed in 2011 and
expected to be effective in 2016.

* In 2016, EER and SEER dual system or SEER single
system for room air conditioner energy efficiency
standard has not been finalized yet.

» The benefits of energy Standard and Labeling programs
for room air conditioner have been proved to be cost-
effective in Chinese Taipei.

Copyright 2009 ITRI
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6. SEER Testing Method and Standard Development in US

Intertek

SEER Testing Method
and
Standard Development in US

Contact Information:

Christopher Stone

General Manager - Performance
Intertek

Cortland, NY 13045 USA

Email:
APEC/Energy SEER Workshop
October 5, 2009

@O BCEA@P ==

AHRI Contract Test Laboratory

» 4 decades of HVAC Testing
Experience

* Proven accuracy & reliability of
facilities over time

* State-of-the-art automation
technology

e Customized designs

* On-site training

» Facility upgrades available

» Clients from around the world

@O BCCODPE=
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Contents

» EER - Energy Efficiency Ratio

» SEER - Seasonal Energy Efficiency Ratio

» HSPF - Heating Seasonal Performance Factor
» Regulations and Organizations Involved

« SEER Cd Explanations

» ISsues Related to Variable Speed Testing

@OPBCCOP®=

EER Background

Energy Efficiency Ratio (EER)
EER = Cooling capacity/input power (Btu/watt-hour)

a Measures steady-state efficiency at one condition

a Steady-state system efficiency rating at 95°F outdoor ambient per
ARI Standards 210/240 was used prior to 1978 in U.S. No Federal
Government regulation

a Utility Rebate Incentives In Some Local Areas to reduce summer
electrical demand

a AR Certification Compliance Requires Meeting 95% Of Both
Capacity And EER When Testing A Unit At Random From An OEM
Warehouse

@O PP ==
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EER Background (continued)

 EER Only Rating Drawbacks :
-~ Not Representative Of Seasonal Energy Usage

= <5% Cooling Season Hours Are At > 95°F
Ambient

- >70% Cooling Season Hours Are At < 82°F
Ambient where System Cycles On/Off

- On/Off Cycling Has Losses Not Reflected In
EER Rating

@O BCOP =
SEER Concept

« Seasonal Energy Efficiency Ratio (SEER) Introduced By U.S.
Department Of Energy (DOE) Late 1979

— Better Representation Of Real System Energy Usage
— Provides Better Standard For Comparing Equipment Performance

* Procedures Originally Developed By NIST (National Institute Of
Standards And Technology) In 1977

— Recognition Of On/Off Cyclic Loss
— Summation Of Energy Consumption
* 5°F Outdoor Temperature Increments (Bins)
» Weighted By Hours
» Uses either national or regional weather Hours

@O PED@De=
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SEER Concept (continued)

a 10.0 SEER Minimum Federal Standard Effective Since 1992
s 13.0 SEER Minimum Effective Since January 2006
a  Energy Labeling Law FTC (Federal Trade Commission)

a  Applies to air conditioners and heat pumps <19kw rated
capacity

= Ducted systems - Packaged and Split systems

= Non-ducted split systems — Procedure is slightly different for
these samples however ON time still 6 Minutes OFF 24

= Variable speed samples ON time is 12 minutes OFF 48

OB D=

SEER Test/Rating Requirements ARI 210/240

a All Indoor Conditions Are 80°F Dry-Bulb/ 67°F All
include Wet-Bulb Except For Cyclic Tests which
run Dry Coil

= Single-Speed Requirements (Outdoor Ambient)
~ Test-A Steady-State At 95°
- Test-B Steady-State At 82°

- Test-C Steady-state At Same 82" Except
With Dry-Coil Indoor Conditions To Assure
Test Repeatability (<57°F Wet-Bulb)

@O BCEA®@P ==
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SEER Test/Rating Requirements AHRI
210/240

Test-D same temperatures as Test C but cycling

+ 6-Minutes On And 24-Minutes Off Per Cycle

+ 3 Cycles Required, Take Data On Last Cycle
Derive Cyclic Loss (Cd Coefficient) from Tests C & D
Can Use Default Cd Of 0.25 Instead Of Testing

Can Use Alternative Formula Below Instead Of
Temperature Bin Procedure (accurate within + 0.5%)

SEER = (1-0.5*Cd)*EERDb
Using Default Cd: SEER = (0.875 * EERD)

i

@OPBCCOP®=

HSPF Test/Rating Requirements AHRI 210/240

* Heating Seasonal Performance Factor (HSPF) for
heat pumps

» Heating capacity/input power (Btu/watt-hour)
» Similar To SEER Concept

Recognition Of On/Off Cyclic Loss, Frost/Defrost
Loss, And Auxiliary Heat requirement

@O PP ==
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HSPF Test/Rating Requirements AHRI 210/240

e All Indoor Conditions At 70°F Dry-Bulb, No Wet bulb except for
cases when indoor coil rejects moisture.

» Single-Speed Requirements (Outdoor Ambient)
— Steady-State At 47°'DB/43°'WB
— Cyclic Loss (Cd Coefficient) At Same 47°DB/43°'WB
e 6-Min ON And 24-Minutes OFF
« Variable speed 12 min ON 48 Min OFF
» 3 Cycles Required, Take Data On Last Cycle
» Testis Optional can Use Default Cd=0.25

@OPBCCOP®=

HSPF Test/Rating Requirements AHRI 210/240

« Outdoor 35°DB/33'WB
« Must Integrate One Complete Frost/Defrost Cycle
. Low Temp Steady-State At 17°'DB/15'WB Ambient

« Results averaged by computer according to bin
procedure for one of six regions of country

« Region IV (middle U.S.) used for published rating

@O PP ==
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Key Organizations

~Program Administration: DOE
»Testing and Rating Procedures: NIST
~Minimum Efficiency Analysis: LBNL
~Product Labeling: FTC

-Certification: AHRI

~Testing: Intertek

NOTE:

This program addresses energy performance, not noise or
safety

@O BCOPOe=

Rating Certification/Compliance

* Mandated by the U. S. Department of Energy (DOE)

« Compliance indirectly administered by Air Conditioning Heating and
Refrigeration Institute (AHRI), the industry trade association

« Certification Requires
— Capacity At 95°F, 47°F, 17°F
— SEER And HSPF
* Based On Average Of Statistical Minimum Of Two Units

* For Split Systems, Highest-Sales Volume Combinations of indoor and
outdoor units are tested

— Other Mix-Match Combinations of units Can Be Submitted By
Certified Computer Simulations

* One third of basic models tested each year

@O PP ==
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Rating Certification/Compliance

» All Audit Testing at Independent Lab (Intertek)

» Compliance Requires Meeting 95% Of Ratings For Capacity &
Efficiency When Randomly Testing Units From An OEM
Warehouse

» Forced to Re-Rate or Stop Production If Fail To Resolve Test
Failures

 OEM Pays Cost of all Testing Failures
* ARI Directory of ratings published on-line
» Printed tags attached to outdoor units show ratings for consumer

@OPBCCOP®=

ENERGYGUIDE

cumwﬂnm Model 12345

Compare the Energy Efficiency of this
Heat Pump with Others Before You Buy.
This Model {Cooling)
12.05EER

Efficiancy Ratio, s 2 of anergy officiency for

;‘hhmlw

Energy efficiency range of all similar models
Most

Least

Efficient Efficlent

68 102
mﬁh ‘Seasonal Performance Factor s a measura of snargy alficancy for

» Theso energy raéngs me basedon U 5. « Fedarnl law requines the sefe: or instaler
tests of this condanser of this appliance to make avaisbie 3 fact
mode| combined with tha most common coll sheet or directory ghvng furthes informaton
The ratgs wil vary sighty wath diffarent about the elficiency and oparatng cost of this
e e

e N Rt 0
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Benefits of Seasonal Energy Efficiency
Rating AHRI 210/240 method

» Additional test points indicate actual capacity curve, rather than
a calculated slope.

* Cyclic testing may offer further improvements based on actual
simulated use testing.

* Provides better indication of true performance under real world
test conditions.

» Additional test points do not impose a great increase in time or
expense as the unit is already setup.

* More differentiation between models
» More technical credibility with Government

@O B PDu=

System Types

Air conditioners and heat pumps having a rated
capacity less than 19 kW

. Ducted systems (packaged and split systems)
- Non-ducted, split systems

Units having single-speed, two-capacity,
and variable-speed components
(compressor and/or indoor fan)

@O PP D=
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Rating Highlights

Focus on seasonal performance over steady-state
performance seek estimate of seasonal operating
costs

Divide USA into 6 climatic regions but use one
region 4 for most comparisons

DOE sets minimum allowed seasonal rating

@O BCOPOe=

Testing Highlights

Steady-state and Cyclic testing

Cooling Heating
Single-speed 2/2 3/1
Two-capacity 4/4 712

Variable-speed 5/2 5/3

(required/optional)

Psychrometric test facilities
(calorimeter is not used)

@ORBCO@PDe=
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Testing Highlights

« Primary test method: Indoor Air
Enthalpy

« Confirming test method required for
steady-state tests => require 6%
energy balance

« Outputs: capacity, power, part-load
efficiency descriptor

@OR B @@=

Testing Highlights

Sampling Plans

« Test 2 to 4 units of the same model as required to
meet statistical confidence

« For split-systems, test highest sales volume
combination; use verified algorithm to estimate
performance of other combinations (called “mixed
systems”)

Testing generally performed by manufacturers who
then submit results to DOE and FTC

@O PP ==
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Calculation Highlights

Lab data provides performance map:

capacity and power consumption as a function of
outdoor temperature and compressor capacity

Test procedure provides estimate of “typical”
building load

« assumed to depend only on outdoor temp.
« assumes a zero building load at 18.3 C

@O SBC@P D=

Calculation Highlights

Estimate percent on-time to meet building load
at each outdoor temp.

Estimate energy consumption for each
corresponding percent on-time

Increase energy consumption to account for
cyclic losses

Weight-average the results for each outdoor
temperature based on typical frequency of the
each temperature.

@OR B ®e==
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Enforcement

DOE may elect to:
. review test results
« Observe testing

. require additional testing by manufacturer or third
party (manufacturer pays)

Trade Association (AHRI)
. Random testing each year
. Fines & more random selections for failures

« Another manufacturer may challenge a
competitor’'s numbers (loser pays)

OB D=

Calculating SEER
for Single-Speed Systems

Early on, found that:
SEER(Short-cut Method) = SEER(Bin Method)

Short-cut Method adopted for Single-speed systems

Short-cut Method Parameters

Only Need EERB and the Part Load Factor (PLF)
corresponding to a 50% load factor

Use C’ to get PLF(50%)

@O @B D=
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What is C¢ 2

Used in quantifying part load performance

C; is the (linear fit) of the PLF (= EER../EERy
versus CLF curve*

Used to calculate SEER,

For single-speed systems, use a
SEER = EER, *(1 —%j

For two-capacity and variable-speed systems, use a “bin”

calculation: ’ Q“(T)
SEER = f {EERY(T),C5, < BL(T,
{ <(T)) 5° () (T)}

@OPBCCOP®=

Calculating SEER
for Single-Speed Systems

¢ Equation Derivation,

SEER = EER, * PLF (CLF =0.5)
= EER, *1-CS(1-CLF)

- EERB*I—CBG:415p:EERB*(L—S;j

@O PP ==
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C
Calculating ~o and Using It To Determine
Cyclic Efficiency

Calculate based on 2 tests
o EER,.q,(20% On Time)
AY EER, 4, (100% On Time)

CC: —
° AX  1-CLF(20% OnTime)

Apply to estimate performance at multiple

operating conditions
EER,, = EER,{1-C:(1-CLF)}

OB D=

Single-Speed SEER Procedures

Test B

On/Off
Cycling
(Test C&D)

10% Oversizing

Continuous

SEER = (1-0.5*Cd)*EERD

BTU/HR & Hours

Load Hours
I Distribution
I I

65 75 105
Outdoor Amblent F

@O @B D=
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SEER For Single-Speed Systems:
The Single Point Used From the PLF vs CLF
Plot

o
o]

Single Point

Linear Used in Short
Approximation Cut Method

EEFBS%) o
o o N

o
i

' Actual
0.3 Performance

Part Load Factor (EERcyc /

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

SECRPD=
Int ing the Cyclic D dati ¢
Intertek nterpreting the Cyclic Degradation CD
Coefficient,

1.0
-~ 0.9
(&)
o 08
n'd
HJJ 0.7 Linear
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Comparison of Two PLF Curves

Corresponding to Two Different Cyclic
Degradation Coefficients

0.8

CD=Slope=0.12 CD=Slope=0.18

Part Load Factor (EERcyc /
© o o o FEE@SS% o
H O ~

o B N W

How much does C affect SEER?

C
¢+ ¥D has a bigger effect on single-speed units versus two-capacity
and variable-speed units

s, SEER Gain for single-speed systems
D=0.25versus: 0.20 0.15 0.10 0.05 0.00
SEER Improvement 2.9% 57% 8.6% 114% 14.3%

¢+ SEER Gain for modulating systems depends on the degree of
unloading (Below example: 47% unloading at 82° F)

D =0.25versus: 0.20 0.15 0.10 0.05 0.00
SEER Improvement 0.9% 19% 2.7% 3.6% 4.4%

@OPBCOP®==
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Issues Related to Variable Speed Samples

« Variable Compressor Speed Testing

«  2-speed with Variable Airflow Testing

«  Cyclic Testing

«  Setting and Maintaining Airflow rates
Minimum Static Pressure

. Integrated Temperature Measurements
« Additional Temperature Test Points

HO®PBCOP®E=

HO®BCCR@P D=
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Minimum External Static — AHRI 210/240 - 2008

Table 2. Minimum External Static Pressure for Ducted Systems
Tested with an Indoor Fan Installed

N . z : k]
Rated Coolingm or Hezlting'" Minimum External Resistance
Capacity (Inches of Water)

I Small-Duct, High-Velocity

(Btwh) All Other Systems Systems®
Up Thru 28 800 0.10 1.10
29,000 to 42,500 0.15 1.15
43,000 and Above 020 1.20

"For air conditioners and heat pumps, the value cited by the manufacturer in published
literature for the unit’s capacity when operated at the 4 or A ; Test conditions.

® For heating-only heat pumps, the value the manufacturer cites in published literature
for the unit’s capacity when operated at the f{/ or /1 Test conditions,

™ For ducted units tested without an air filter installed, increase the applicable tabular
value by 0.08 inch of water.

@ See Definition 135 to determine if the equipment qualifies as a small-duct, high-
velocity system.

GIIf a closed-loop, air-enthalpy test apparatus is used on the indoor side, limit the
resistance to airflow on the inlet side of the indoor blower coil to a maximum value of
0.1 inch of water. Impose the balance of the airflow resistance on the outlet side of the
indoor blower.

@O @B D=
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Intertek

Figure Ta  External statle pressure messurem ent.

Nove: The following statements apply to Figures 7 and &,
For circular ducts, sibstitue = /4 for O

2074 far A x B,

The length of the inlet ducy, 1.5JC= D, is & minimum
dimension. For more precise results, use 40 D

Measurements

Attachment of Connecting Ducts and Pressure Taps

< with fan

without fan >

)

TO AIR MEASURING APPARATUS

f

QUTLET DUCT

L
\/4 A
PRESSURE TAPS

MANOMETER

7 \
RS
COIL- N
»

/
| £,/ secton
T - +
0s v‘*c X0
1
AN = A 15/CxD
PRESSURE TAPS l

A& B = OUTLET DIMENSIONS
C & D = INLET DIMENSIONS

. Figure 8 Air static pressure drop measurement for coil

(without fan).
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Intertek

Ducted Airflow Determination

Variable Speed vs Variable Volume

Minimum Static Pressure vs Rated Airflow must be

looked at closely to determine proper airflow
control setting for the tests.

@O PP ==
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NEEY Non-Ducted Airflow Determination

All tests are run at ZERO static pressure at airflow
setting selected by test sample.

@O BCCO®@® ==
Measurements

The following slides will cover the key measurements required and
the sensors we would typically use to acquire those
measurements:

Key measurements required for testing Heating Ventilating and Air
Conditioning (HVAC) products include:

Temperature
Pressure
Power

Flow

A

@O PED@De=
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OIyEd Measurements

Temperature measurements can be made with a number of
different sensors:

Resistive Temperature Detectors (RTD)
Thermocouples (T type, J type etc.)
Thermistors

Thermometers

However for SEER and HSPF testing
Cyclic and Defrost Test etc.

Special Purpose Delta-T Integrators are required.

OB D=

Measurements

Differential Temperature
Integrators

Temperature measurements can be made with a
number of different sensors:

\ i

Resistive Temperature Detectors (RTD)
Thermocouples (T type, J type etc.)
Thermistors

Thermometers

Special Purpose Delta-T Integrators

@O PP D=
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OIyEd Measurements

Differential Temperature
Integrators
This differential temperature is represented by a DC voltage. With

curve fit equations we can convert this to a very accurate
indication of Delta-T.

e e Y e Y i Y
s 2 a 1 z u u s . T f .

OB D=

Key Re_ference
Material

10CFR430 - Subpart B DOE Testing Methods
16CFR305 - Appliance Labeling Rules
ASHRAE 116 - Methods of Test SEER/HSPF
ASHRAE 37 - Testing Methods

AHRI 210/240 - Certifications Testing

@O @B D=
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Thank You !

Contact Information:

Christopher Stone

General Manager - Performance
Intertek

Cortland, NY 13045 USA

Email:

7. Establishment of the CNS Standards and Development of SEER Measuring

Method for Air Conditioners in Chinese Taipei

Workshop on Reducing Barriers to Trade through Development of
a Common Protocol for Measuring the Seasonal Energy Efficiency
(SEER) of Air Conditioners

Establishment of the CNS Standards
and Development of SEER Measuring
Method for Air Conditioners in Chinese
Talpei

Chwan-Shing Huang

Vice General Manager

Research & Planning Department
Taiwan Electric Research & Testing Center (TERTEC)

e-mail: huang@ms.tertec.org.tw
October 5~6 , 2009, Taipei,Chinese Taipei
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TERTEC

1.Background

® Bureau of Standards, Metrology and Inspection (BSMI), MOEA is
the government agency authorized to establish the CNS standards in
Chinese Taipei.

® Over 98%of energy is imported from oversea in Chinese Taipei and
electricity is the most common energy used (about 50%).

® About 30%o0f electricity is consumed by air-conditioners in Chinese
Taipei and which turn to be more important to raise the energy
efficiency of said products.

® The penetration rate of inverter type air-conditioners is increasing in
Chinese Taipei and result in much concern about SEER issue.

® The proposal of SEER measuring method of air conditioners was
submitted to BSMI by ITRI for CNS standards establishment.

TERTEC 3
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2. Standardization system in Chinese

Taipei (1/2)
® The BSMI establish the CNS Standards Review
Council and CNS Standards Technical Committees
based on different categories of specialties. They
will be responsible for reviewing and making
suggestions on matters relevant to CNS standards.

® In order to conform to the WTO/TBT agreement
various levels standard organization to be suitable
the principle, and promotes the standard
development, Chinese Taipei standardization
system to divide into 3 levels: CNS Standard, Group
Standard and Company Standard.

TERTEC 4

2. Standardization system in Chinese
Taipei (2/2)

® CNS standards usually are implemented on a voluntary
basis. Where all or part of a CNS standard has been
referenced in regulations by the competent authorities of
jurisdiction over specific business, such CNS standards
turn to be mandatory.

€ According to WTO/TBT that handles positively to aligning
international standard. By the end of April 2009
= Total CNS : 14329
= Existence of international standards : 3499
= Completed alignment : 2595
= Rate of alignment : 74.16%

TERTEC
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3.The procedure of establishing CNS

standards(1/12)

"The Standards Act , Article 7

O o>
90| U\ el [ 53
@) Q = 3
gs, = )22 )5 Ec CNS
o/ |& r2ar | = 2
L % Ssa
TERTEC 6

3.The procedure of establishing CNS

standards(2/12)
(1).proposal

@ Person, legal entity, government agency or
organization may submit a proposal to the government
agency in charge of standards for the establishment,
amendment, or rescission of CNS standards.

# Any proposals for CNS standards shall be reviewed by
the CNS Standards Review Council, and the party who
submitted the proposal shall be notified of the results

of the review.
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3.The procedure of establishing CNS
standards(3/12)

(2).Drafting (1/3)

® The proposal draft for the establishment or amendment
of CNS standards shall be prepared by the standards
authority.

® The draft preparation of CNS standards shall be referred
to the following items in addition to the proposal for CNS
standards:

= Technical specifications or standards applied domestically or in
foreign countries.

= Comments from domestic and foreign production and
manufacturing, public institution, and academy.

= The situation of domestic production, manufacturing and

consumption. o
TERTEC

3.The procedure of establishing CNS
standards(4/12)

(2).Drafting(2/3)

#In the process of preparing draft of CNS
standards, on-site investigation and survey or

testing, if needed, may be arranged.
@ Such on-site investigation and survey or testing may be
entrusted to other governmental institutes, organizations or
experts.

#Risk assessment shall to be conducted

% Any involvement in legitimate objectives such as security
requirements, the prevention of deceptive practices,
protection of human health or safety, animal or plant life or

TemTee health, or the environment.o
-
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3.The procedure of establishing CNS
standards(5/12)

(2).Drafting(3/3)

The following factors shall be taken into account

# Scientific and technical information that are available;

# Relevant processing procedures and technology, including
production processes or production, operation, inspection,
sampling or testing methods;

¥ The envisioned end use of the product.

TERTEC 10

3.The procedure of establishing CNS
standards(6/12)

(3).Soliciting comments

& The BSMI shall solicit comments from interested parties,
members of the Technical Committees and Review
Council, experts, Iindustries, government bodies,
institutions, and educational institutes, once the CNS
standards draft has been prepared.

#In respect of the individual notice and public
announcement, the commenting period shall not be less
than sixty (60) days. The commenting period may be
shortened in case of actual or potential emergencies

volved in public safety, health or environment.
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3.The procedure of establishing CNS

standards(7/12)
(4).Review (1/2)

#The CNS standards draft shall be reviewed by the
relevant Technical Committee.

#The review shall be conducted by reference to the
compilation of review comments and related
documentation, and considered to achieve the

followmg objectives from the aspect of technology:

: To reflect the domestic production capability and
technological level;

= To improve quality of products and enhance production
efficiency;

# To maintain a rational balance between production, use and
consumption;

@ To conform to relevant international standards; and

# To establish the standards based on requirements in terms of

r 7 | performance rather than degjgn or descriptive characteristics.

3.The procedure of establishing CNS
standards(8/12)

(4).Review (2/2)

® Under any of the following conditions found by the Review

Council, the standards authority may terminate the
establishment or amendment of CNS standards:

1. The proposals for the establishment or amendment of CNS
standards, adopted by the Review Council, are unable to
be included in the draft of CNS standards.

2. The CNS standards draft fails in the review of the
Technical Committee, and cannot be revised, or be passed
in the review of the Technical Committee within 2 years
since the day it was sent to the Technical Committee for
review.

® The proposals for establishment or amendment of CNS
standards, abandoned due to the above procedure, shall be
@ notified to the proposal holdéts.
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3.The procedure of establishing CNS

standards(9/12)
(5).Final review

® The CNS standards review drafts shall be finally reviewed by the
Review Council with reference to the excerpt of review and
relevant documentation.

® Committees of the Review Council may be invited to describe the
reviewing items for the review stipulated in the previous
paragraph. Only can editorial corrections be applied except for
matters concerning technical items that are found self-
contradictory in contents or conflicting with the policies, acts, or
other regulations or CNS standards, which shall be sent to the
Technical Committee for review.

® The draft of CNS standards passed in the review, shall be
granted with CNS symbol and general numbers, and compiled to
the final draft of CNS standards. Where the draft of CNS
standards fails to pass the review, it shall be returned to the
Technical Committee for review along with the conclusions from
TerTeEC Such final review. 14
-

3.The procedure of establishing CNS
standards(10/12)

(6). Approval and promulgation

¢ The standards authority shall submit the final draft of
CNS standards to the Ministry of Economic Affairs
(MOEA) for approval and promulgation as the CNS
standards.

& The title of the promulgated standards referred in the
previous paragraph shall be announced in the official
Standards Gazette and notified the proposal holder.

-r-cu.ﬁug o LLAEEE R
: AR EA [
ey ighing with light g Standards Gazette

ES AL i ]
Fumber 6. 2008

R B

TERTEC 15 TR
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3.The procedure of establishing CNS
standards(11/12)

(7) CNS publishment

@ Information Center

@ Collection and provision of
information relating to CNS
standards and the
standards of other nations

®In 1999, building online
service system

= Supply online search

= Free online preview CNS online service
= Online download function  system
and sales service http://www.cnsonline.com.

tw

TERTEC 16

3.The procedure of establishing CNS
standards(12/12)

(8) CNS standards work programme

#0Once every six months ( March and
September ) , BSMI shall publish a work
programme in the Standards Gazette, a monthly
publication of the BSMI.

¢#Before work programme, notification the
existence thereof to the ISO/IEC Information
Center in Geneva.

TERTEC 17
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4. Air conditioners market in Chinese
Taipei

® About one million of room A/C and 80
thousand of unitary A/C are sold annually
In Chinese Taipei .

®In room A/C, the sale quantity of single
package type and split type is about 40%
and 60% respectively.

® Average over 50% of split type A/C using
inverter-controlled technology.

® The production of inverter-type A/C is
expected to grow further owing to the
need of the energy savings and the raise

<& Of MEPS in Chinesé’Taipei .

5.Development of SEER measuring
method for air conditioners(1/15)

(1).Motivation for development

® The annual sale quantity of Inverter-type air conditioners in
Chinese Taipei is increasing rapidly in recent years.

® It is more realistic to use SEER instead of EER to evaluate
the energy performance of Inverter-type air conditioners.

@ For the purpose of protecting consumers’ rights and interests,
It is reasonable to develop suitable testing method to
evaluate the real energy performance of Inverter-type air
conditioners.

@ SEER measuring methods of Inverter-type air conditioners
have been developed in some APEC economic members.

TERTEC 19

128



5.Development of SEER measuring
method for air conditioners(2/15)

(2)CI\__I_S dr__aft____of SEER measuring m_e__thoc_;l__b_)_/_ BSMI

i I b e o | =3 G il 5 SR T N R S 0 R S L [ oo e

CNS | Z BN SE 5 iE faw e
T'esting and calculating methe al encrgy elficicncy ratio for air

svonditioner

| :
.
: . i .
I ..

W] A ww S5 AR HE fdr R Joy B0 AT
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5.Development of SEER measuring
method for air conditioners(3/15)

(3).Contents of the CNS draft of SEER
measuring method

® Scope;

Normative references;

Definitions (Including EER, SEER,CFL, PLF, C,, Rated
middle cooling capacity, etc.);

Test Conditions;

Test Requirements;

Testing (Including testing facility and testing method) :
Marking;

Calculation of SEER;

Example of SEER Calculation.

TERTEC 21

129



5.Development of SEER measuring
method for air conditioners(4/15)
(4). Definitions of key word
® EER (Energy Efficiency Ratio) : Ratio of the
cooling capacity (W) to the power input (W).

® SEER (Seasonal Energy Efficiency Ratio) : Ratio
of the total heat removed (Wh) from the
conditioned space during the annual cooling
season to the total electrical energy input (Wh)
during the same season.

® CFL (Cooling Load Factor) : Ratio of the total
cooling of a complete cycle for a specified period
consisting of an“ on” time and “off’ time to the
steady-state cooling done over the same period at
constant ambient conditions.

TERTEC 22

5.Development of SEER Measuring
Method for Air Conditioners(4/15)

(4).Definitions of key word (continued)

® PLF (Part Load Factor) : Ratio of the
cyclic energy efficiency ratio to the
steady-state energy efficiency ratio.

® C, (Degradation Coefficient) : Factor of
efficiency loss due to the cycling of the air
conditioner. Cy = (1 - PLF)/(1 - CLF)

® Rated middle cooling capacity : 1/2 £10%
of the rated cooling capacity.

TERTEC 23
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TERTEC

5.Development of SEER Measuring
Method for Air Conditioners(5/15)

(5).Weather data analysis for cooling season in Chinese Taipei

Temp.Bin(nj)

Temp(C)

Time(h)
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5.Development of SEER measuring

method for air conditioners(6/15)
(6).Test conditions for determining the SEER

Air Entering Air Entering
Indoor Unit Outdoor Unit
. Temoperature Temperature
Test description (°C) °C)
Dry Wet Dry Wet
Bulb Bulb Bulb Bulb
A Test ( Standard
Test Condition ) 27 19 35 24
B Test ( Low Temp.
Test Condition 27 19 29 19
C Test ( Low
Humidity Test 27 <16 29 -
Condition )
D Test ( Cyclic
Test go%dltlon ) 21 <16 29 )
TERTEC 25
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5.Development of SEER measuring

method for air conditioners(7/15)
(7).Calculation procedure for determining the SEER of
a constant speed A/C

W rve of cooling capacity
v, | P glt) & power input
P9 | -

é.;ng) _____ \/?/ij) Curve of Building load (BL

T dal)

egradation Cp
~ BT BT v T ON-off cycling)
e Section 1 — Section2 -

~ 8w
Toa p in temperature
- :[:[H]F Weather data of region)

¢ 2324 26 2627 28 29 50 3 52 3334 3636 37
Qutdoor Temperature ("C)
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5.Development of SEER measuring

method for air conditioners(8/15)
(8).Calculation procedure for determining the SEER of
| a variable speed A/C

o - -
ol °\“’°3"‘”c.\.am7 rve of cpohng capacity
Cott) i | COP(T,) & power 1mput

o | P (Including middle capacity
P, 420) ! / .

o . ower input)
P9 /

(e,

w

Curve of building load (BL)

i <<§gradati0n CD
T, s mr:, 3 .
| Sectionl — | Section? —|_ §ection3 — N-Off CyCIIHg)

El EHH: j'— in temperature

[ 4 H i Weather data of region)
23 24 23 M 27 28 29 30 3N WX M I M W
(Outdoor Temperature('C)
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$.(385)
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=

Toted Tirmsd e
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5.Development of SEER measuring

method for air conditioners(9/15)
(9).Performance comparison of domestic made A/C

Relation between power mput end cutdoor temperatore of different brond AAT
1200 oo
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1100 oo —=—B
<
mon oo ———— e o
= — e ————— = | —=
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=00 00 P
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2% 30 31 3z 33 34 35
OCutdoor Tenpersture T
sowns @ e
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25690 ——— Lad
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= 2400 ——E
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Capacity 2200
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5.Development of SEER measuring

method for air conditioners(10/15)
(10).Performance comparison of domestic made A/C

Power Input

P.(29)=0.901P(35)

Rated Power Input and Cooling
‘ Constant HQ"M" ‘

Cooling Capacity

&, (29)=1 .0;4- @, (35)

For harmonization with Japan and China,we
use 0.914 instead of 0.901;use 1.077 instead

of 1.074.
. . Comparison of cooling capacity
Comparison of power input
o o Ratio
. Dry Bulb 29.0C 35.0C
o o Ratio
Dry Bulb 29. 35. (29/35)
ry Bul 0C 0C (2035)
A 969.34 1072.53 0.904 A 2452.653 2226.09 1.102
B 935.60 1038.81 0.901 B 2535.83 2310.11 1.098
c 92033 1018.24 0.904 C 272039 2507.99 1.085
b 90753 989.99 0.917 D 2584.33 2344.11 1.102
. Japan : E 2587.79 2331.16 1.110
Japan : E 853.17 944.59 0.903 1?077

0.914 F 240336 2216.58 1.084

F 952.10 1058.73 0.899
G 2368.15 2160.86 1.096

G 944.10 1033.09 0.914
" 9943 1008.20 0.892 H 2540.42 2503.44 1.015
1 856.20 971.97 0.881 1 2453.25 2412.10 1.017
J 928.17 1032.40 089 29 J 2388.34 2325.28 1.027
TEC Average 0.901 Average 1.074
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5.Development of SEER measuring
method for air conditioners(11/15)

(11).Definition of building cooling load curve ,BL

€ BL usually is a straight line, and the outdoor temperature is as the
horizontal axis. The intersection between air conditioner cooling
capacity and building load curve can be used to decide the
operation mode of the air conditioner, i.e. on-off cycle state,
continuous operation mode or variable speed operation mode.

Chinese Taipei
China T

Jap an
SA

@, (35)
&, (95)/1.1

23°C 33 C 35C

651
18.33°C 95°F

Where ¢ _ is the cooling capacity of the air conditioner

TERTEC

5.Development of SEER measuring
method for air conditioners(11/15)

(11).Definition of building cooling load curve ,BL (continued)

1.(1)Building load (BL)= 0 as outdoor temperature =23°C - (for Japan ~ China and
Chinese Taipei)
(2)Building load (BL)= 0 as outdoor temperature =65°F(18.3 °C) : (for USA)
2.(1)Building load (BL)=rated capacity as outdoor temperature =33°C - (for Japan
and Chinese Taipei)
(2)Building load (BL)= rated capacity as outdoor temperature =35°C : (for China)
(3)Building load (BL)=rated capacity /1.1 as outdoor temperature =95°F(35 °C) °

(for USA)
USA Japan China Chinese Taipei
ASHARE 116- JRA 4046 :
Standard 1995 2004
GB/T 7725-2004 CNS draft-2009
AHRI 210-240 | JIS C 9612 : @
2008 2005
BL(65°F)=0 BL(23°C)=0 BL(237C)=0 BL(23°C)=0
Definition | BL(95°F)=Coolin | BL(33°C)=Cooli | BL(35°C)=Cooling | BL(33°C)=Cooling
g capacity /1.1 ng Capacity capacity capacity
Degr(a:da“on 0.25 0.25 0.25 0.25
D
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5.Development of SEER measuring
method for air conditioners(12/15)

(12).Test points for SEER measurement

Constant Speed A/C
Test Conditions Ragspggct))l,i ng RattlegpPuciwer
A Test (Indoor 27/19 ~ Outdoor 35/24) o ( J
B Test ( Indoor27/19 ~ Outdoor29/19) @) @)
#Cp=0.25 Variable speed A/C

@ Test value O Calculated value

Test Conditions

Rated Cooling

Rated Power

Capacity Input
A Test (Indoor 27/19 ~ Outdoor 35/24) o o
B Test ( Indoor 27/19 ~ Outdoor 29/19) @) @)
Rated Middle Rated Middle
Cooling Capacity Power Input
A Test (Indoor 27/19 ~ Outdoor 35/24) o o
B Test ( Indoor 27/19 ~ Outdoor 29/19) O O

C, =025
3% @ Test value O Calculated value

32

5.Development of SEER measuring method

for air conditioners(13/15)
(13).Calculation equation for determining SEER of constant speed

P,CZ

ﬂ?ower consuming (Wh) "\ (2

Section 1 : (on-off cycle)

ot _CLF(y)-R(t)n,
(t) PLF(t;)

A/lC

¢ (29

— P’Cz(tj)

Section 2 : (continuous
P P

@r&tion) C(ti): C(ti)'nj

cr

Cooling load (Wh)\/

Section 1 :
= 640
o, (tj ) =BL(t;)-n; 2 480
Section 2 : ‘é}) 920
@, (t;) =4 (t;) -1, 5
3

%3°C

- 29T
Section 1

33T 35C
— Section 2 -

I

|

i

Meas

23 24 25 26 27 28 29 30 31 32 3334 35 36 37
Outdoor temperature (C)
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5.Development of SEER measuring method

for air conditioners(14/15)
(14).Calculation equation for determining SEER of variable speed A/C

cop [COP(TY
Cem(ta) |5 ’\‘""(t’)C OP(T,)
. Cenfto) < Ceralty
Power consuming (Wh) Confty) oCOP(Ty)
Section 1 : (on-off cycle)
w
BL.(t)) n; . P’ (L)
P, (t,) = LEa S P"(35) 2,
" C, () PLR (L) P’ (29) PE———
. N . P’ em(35) ()]
Section 2: (variable speed b 29) T

operation) BL (t)
e\t

t)=——2.n T
em2 \Yj i or(29)
) 959 % o
[
$ cm(35)
e .

@tion&(con{inl;ous. ( )

operation) P (t;)= P, (t;)-n; & on(29) / e
- 33

" Cooling load (Wh) \—"—"~ — -

c T,
Section 1 & Section 2 : 3

/BLc(tj)

Ta
l_ Section 1 _L Section 2 —r_ Section 3 —
800

D, (t) =BL(t)-n; £ ]

Section 3: 2o N

@, (t;)=¢ (1) = N

)= )en.
Q(J ¢°’J J g " 2524 25 26 27 28 20 30 31 32 33 34 35 36 37
Outdoor temperature ("C ) FRART
34
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5.Development of SEER measuring

method for air conditioners(15/15)
(15).Calculation equation for determining SEER of A/C

? Sum—Seasonal Cooling
Load{Wh)}

~~

Seasonal Cooling Load (Wh})
Seasonal Power Consumption {(Wh)

15
g
]
L

SEER=—

Cooling Load(Wh)
(cooing capacity X ocouring tima)
:

24 25 25 27 28 29 30 a7 32 33 44 35 36 a7 38 c
Outdoor Temperature
2 Sum—Seasonal Power P

ConsumptionWh

T otal Power

T IS F& FF TS IS IO IF IF 83 2 I4 I5 S5 IF I8

Outdoor Temper atureC
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6.Conclusions

® Inverter-type (variable speed) A/C is becoming
more popular in APEC economies market .

® Harmonization to common test procedure of
SEER for inverter-type A/C will have benefit to
reduce barriers to trade.

® MEPS ( EER ) for A/C have been implemented
over 25 years in Chinese Taipei and result in
significant energy savings.

® Study of using SEER to evaluate the energy

performance of inverter-type A/C will be the next
topic in Chinese Taipei.

Appendix : Energy performance testing
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8. The measures of promoting SEER for air conditioners from manufacturer's

point of view

1,
The measures of promoting SEER for air conditioners

from manufacturer’'s point of view

Speaker: Rung Chuan Chang
Institute : Taiwan Refrigeration & Air—Conditioning
Engineering Association of Chinese Taipei

Outline

1. Introduction
2. Background
3. SEER Technology Promotion

4. Conclusions
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Introduction

Outline

1. Introduction
2. Background
3. SEER Technology Promotion

4. Conclusions
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Background

Industry Issue :: Air Conditioning Issue

[ Stop Global Warming ] [Energy Saving]

Home—use Electronic Ratio
[ Electronic Fan

2% Bl Other

B Dehumidify 14% E Air-Conditioner
3% 46%

[0 Heater
4%

mTv
5%

B Refrigerator

[] Water Heater _] Water Dispensers 1%
1% 8%
Source : Taipower company, Chinese Taipei
6.
Background

Energy—Saving Trend

{ Capacity 2.2kW Class

6 -
EER now is 1.9 times than 10 =
years ago. _ -
’;\ -~
N
=
= DC Inverter }
E \ 180° Control
54 | High Wind Volume |
jq§, PAM Control |
e I~
Ll
& New Heat Exchanger |
5 ° ~
i ./.—./ DC Motor-R410A |
) - PWM 120° Control |
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
YEAR
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Background

SEER Standards for APEC Economies

Chinese Taipei I Korea I
... EER - SEER(On Working) ... EER
China I The United States I
.. EER - SEER( Shanghai ) ... EER - SEER
Thailand I Japan I
.. EER ... EER - APF

Australia/New Zealand I

.. EER
N\
Background
EER
EER = Cooling Capacity
Power Consumption
Indoor Outdoor
Temperature Temperature
DB/WB DB/WB
Cooling | 27°C(19°C) | 35°C(24°C)
N\
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Background

EER VS SEER

SEER

Low Temp. Operating point EER Operating Point

800

640

480

320

Time(hour)

160

HHH e

|
23 24 26 26 27 28 A9 30 31 32 3334 B5 36 37

Outside Temp. (°C)

EER SEER
Operating Point Single-point Mutli-point
Separate Temp. Zone None Consider
On/Off None Concider
Characteristic Static Dynamics
Calculation Easy Complicated
Actual Efficiency Underestimate Match

Source : Industrial Technology Research lnstitute)

10.

Outline

1. Introduction
2. Background
3. SEER Technology Promotion

4. Conclusions
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SEER Technology Promotion

11.

Air conditioner Structure

Condenser Unit (Outside Unit)

Air Handler (Inside Unit)

*Heat Exchanger
*Fan
*Louver

* Controller(Inverter)

Compressor

=Heat Exchanger

*Fan
Louveﬁ

12.
SEER Technology Promotion
Component aYs [ntegration ™

Compressor

Compressor Structure

Refrigerant Loop I

Reduce Energy Loss
Motor Optimization

. Refrigerant Loop Optimization

Inverter Optimization

Heat Exchanger I

Air Distribution System
Heat Exchanger

. High Efficiency Tube
High Efficiency Fin
Heat Exchanger Shape

Fan . High Efficiency-Low Noise

kControIIer I

Energy—Saving
New Vector Control )

. Optimization
Air Distribution Integration
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13.
Compressor

8] Compressor(scroll) Optimization

Challenge [ -Ineffective compression

*Mechanical Loss }Efﬁciency Up |:> ComPressor. Sjcruc.ture
«Heat Loss Bearing Optimization

( Orbiting Scroll \
Fixed Scroll

i }{ | Fixed Scroll Compression Start
-@, Compress Room
K y |

— - /

Orbiting Scroll

Main Frame

Heat Regi
\ Discharge ESICE R )
Symmetric scroll |:> Non—symmetric scroll
Ball bearing
14.
Compressor
4 Reduce Energy Loss Shape Change

Before

Lubricant is easily Lubricant is not easily
stirred stirred due to smooth
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Compressor

15.

] Motor Optimization

Challenge [ Reduce Material Loss ]|:>[ Winding Type, Magnet Material, Rotor type]

o —

[ Distributed Winding ]

Mo;cor Stator N

| Mator Rotoﬁ\

[ Feree ] 18

Concentrated Winding:
Reduce Copper Use

Magnet on surface Magnet Inserted 100 .
95 Now
Iron 200 \ /./ -
3 o
£ 80 ¢ 10 years ago
* 75 A
Magnet 70 ‘
Ferrite Neodymium 0 20 40 60 80 100
Rotate Speed (Hz)
16.
Compressor

‘B Inverter Optimization

Challenge| Reduce Torque pulsation and

Motor Loss

[

— Before

Y
I:I 120—degree Energization

} |:> [ 180—degree Energization

f Now ﬁ
/7N 180—-degree Energization

High Torque pulsation
Low Efficiency

|

[

PM
Inverter Inverter
(=
8bit (- 0 32bit
McU MCU
| New Vector Control
u-phase Motor Current Motor Current
u—phase back emf back emf
60 120 /{ 0 120 180
240 300 OW 240 300 60
Angle(®) Angle(®)

J

* Low Torque pulsation

\. High Efficiency )
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17.

SEER Technology Promotion
Energy Saving Technology

aYs Integration ™

Refrigerant Loop I

Compressor

Compressor Structure
Reduce Energy Loss
Motor Optimization
Inverter Optimization (| Ajr Distribution System
[Heat Exchanger | Heat Exchanger

... High Efficiency Tube

High Efficiency Fin
Heat Exchanger Shape

. Refrigerant Loop Optimization

. Optimization
Air Distribution Integration

Fan || ... High Efficiency-Low Noise

I Energy—Saving
\Controller New Vector Control J\ _ Y,
18.
Heat Exchanger
High Efficiency Fin Heat Exchanger Shape
. I 1
High Efficiency Tube Multi-Curve nesration
Split Fin / \
. 7 \Np
R WASY —
i P (ORI (
31 . (Section Drawing)
(D Advantages
=Identical Wind Speed :
*Reduce Leak }Efﬁclency Up

® The Other Application Skills

*Reduce The Gap between Tubes
*Diameter Reduction
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19.
Heat Exchanger

Heat Exchanger Shape

Multi—Curve Integration

I
L&

Leak in Bending

20.

SEER Technology Promotion

Energy Saving Technology
Component aYs Integration R

Compressor Refrigerant Loop I
Compressor Structure
Reduce Energy Loss ... Refrigerant Loop Optimization
Motor Optimization
Inverter Optimization Air Distribution System
Heat Exchanger I Heat Exchanger

. High Efficiency Tube
High Efficiency Fin
Heat Exchanger Shape

@ ... High Efficiency-Low Noise
kControIIer I Energy—Saving

New Vector Control / \_ W,

. Optimization
Air Distribution Integration
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Fan

21.

High Efficiency = Low Noise

[ Surface Roughness ]

Detail Diagram

[ Fan Diameter]

en um,

8
Fan Diameter Enhence
.

9
Yansn®

Ex, 103 > ¢ 130 - 4dB

U-1a8

[dB]

Noi§e
)

L
o
o
=]

150 200
Fan Diameter [mm]

22.
SEER Technology Promotion
Component Y4 [ntegration R

Compressor

Refrigerant Loop I

Compressor Structure
Reduce Energy Loss
Motor Optimization

Refrigerant Loop Optimization

Inverter Optimization

Heat Exchanger I

Air Distribution System
Heat Exchanger

. High Efficiency Tube
High Efficiency Fin
Heat Exchanger Shape

Fan High Efficiency:Low Noise

Energy—Saving
New Vector Control )

. Optimization
Air Distribution Integration
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23.
Controller

B Energy—Saving Technology

SNy Motor (High—-Speed—Rotary)

Now

Motor
(Low—Speed—Rotary)

New Vector Control

24.
Controller

&2 New Vector Control

Speed
Control

Rotary 1
Speed

Powerful
Model

Normal
Model

orque lngut Current

-l» G
Control Current Control

Current
Control -
00p Stable High

High—-Speed IQGPAM Speed Motor

Speed
Control
Loop

High Speed Middle Speed
Motor Motor New Low-speed Motor
High Speed Ufﬁcie"GV Efficiency v

P High Speed
Unstable

Unstable

High Speed
Unstable

High

§| Efficiency I?Ii.gh ......
Efficiency High High

Efficiency Efficiency

Speed

Before :
Reduction
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25.

SEER Technology Promotion

Energy Saving Technology

Component

Compressor

Compressor Structure
Decrease Energy Loss
Motor Optimization
Inverter Optimization

Heat Exchanger I

High Efficiency Tube
High Efficiency Fin
Heat Exchanger Shape

High Efficiency-Low Noise

Fan

Integration

~

|Refrigerant Loop |

Refrigerant Loop Optimization

Air Distribution System

Energy—Saving
New Vector Control )

KControIIer I

N\

Heat Exchanger

. Optimization
Air Distribution Integration

\_

Refrigerant Loop

Refrigerant Loop Optimization

@

‘@E‘—’ Heating
“— Cooling

I

<&~

<+— Heating
— Cooling

A B

Refrig. ParaIIeI Refrig.
g a <—/_
. 5 §
Heating [t [t
Air Air
X Temp. Difference OTemp. Difference
A B in Part B is small. A B can be Made sure.
Parallel
a Air . Air
. £ \_} £
Gool ing [ — A
Refrig. Refrig. —\\
O Temp. Difference X Temp. Difference

can be Made sure. A B

in Part B is small.
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27.

Promote SEER Technology
Energy Saving Technology

Component Integration N

Compressor

Refrigerant Loop I

Compressor Structure

Reduce Energy Loss ... Refrigerant Loop Optimization
Motor Optimization

Inverter Optimization

Heat Exchanger I

Air Distribution System

. High Efficiency Tube
High Efficiency Fin
Heat Exchanger Shape

. Optimization
Air Distribution Integration

Fan || ... High Efficiency-Low Noise
... Energy—Saving
Controller I
\- New Vector Control / \_ )

28.
Air Distribution System = Heat Exchanger

Challenge .
8 e Fan CFD — Integration CFD
Analysis for “ -Simple
Air Distribution System S5 -Reduction

U

Simple Complicated
[ » Simplify the Shape }

400 Mesh 400 Thousands|

= Reduce Mesh Number

Calculation (Before) O Calculation (Now)

. . Test (Before) Test (Now)
[Input Relative Data in CFD ] T

of
U -10f

Analysis for the Result 200 ]
00 02 04 06 08 1.0
Flow Efficiency (—)

Noise (dB A )

-
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Air Distribution Integration
Challenge Heat Conduction Efficiency ]—*[ Heat Exchanger Shape ]
[ Compressor Input@

Heat Conduction Surface ]"[ Curved Heat Exchanger
High Wind Volume ]_'[ Air Distribution System ]

Movable Panel

Curved Heat Exchanger

Wide Diameter Fan

Adjustable Louver

. . High Wind Volume
90’ s Air conditioner

30.
Conclusions

- Energy—Saving is the most important issue for the world.
- SEER can really reflect the energy efficiency.

- Greener energy.

g
] 4
&
' |

4

IDWE . o _.
- ;‘-‘L R -..’. a _ ;—. . Cowe. il_‘. ._i

152



9. Introduction of the development of an analytical platform for measuring

the SEER of air conditioners in APEC member economies

"~ Asia-Pacific ITRI
.__‘,APIG!,__,.I Economic Cooperation Y il Yo

Introduction of the development of an analytical
platform for measuring the SEER of air conditioners
in APEC member economies

Hsiao-Chi Hsu

E-Mail : HsiaoChiHsu@itri.org.tw

Energy & Environmental Research Lab.,
Industrial Technology Research Institute, Chinese Taipei

APEC-SEER Workshop, October 5"-6t" 2009

Copyright 2009 ITRI 1

i an ' Asia-Pacific ITRI
Economic Cooperation AR pousratTechosoy

Contents
1. Objectives

N

Testing and performance standards for air conditioners in
APEC member economies

Procedures of SEER calculation
Key parameters of SEER
Introduction of SEER calculation program

Examples of using SEER calculation program

N o o &~ W

Conclusions

Copyright 2009 ITRI 2
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1. Objectives of the project

Copyright 2009 ITRI 3
m-.l Asia-Pacific == ITR!
¢/ Economic Cooperation r F wil Mo

The objectives of this project aim to develop an analytical
platform to evaluate the SEER values of air conditioners
according to the proposed test standards of APEC member
economies.

This platform is an analytical program adopted the data of
climate and building load characteristic collected from APEC
economies.

With the application of this program, it will help to reduce
unnecessary duplicate test and administration processes.
Meanwhile, it also helps to reduce the cost and time of testing,
and further affects the efficiency of trading among APEC
economies.

Copyright 2009 ITRI 4
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2. Testing and performance
standards for air conditioners in
APEC member economies

Copyright 2009 ITRI 5

Asia-Pacific ITRI
Y Economic Cooperation MR e recrncingy

search Institute

AiEstNGY e rmMANCErSiane ardsStoiACHRPARPECHECONOMIES

Economy Energy Standard

Australia AS/NZS 3823.1.1-1998 Performance of household electrical appliances - Room air conditioners - Non-
ducted air conditioners and heat pumps - Testing and rating for performance

Brunei Darussalam | —

Canada CAN/CSA-C 273.3-M 91 Performance standard for split-system central air conditioners and heat pumps

CAN/CSA C 656-M 92 Performance Standard for Single-package central air conditioners and heat
pumps ( Test Standard: ARI 210/240-94 ASHRAE 37-1988 )

Chile -

Chinese Taipei CNS 3615-2009 Room Air Conditioners

Hong Kong, China | ISO 5151 Non-ducted air conditioners and heat pumps - Testing and rating for performance - RACs
Split -HK

Indonesia ISO 5151 Non-ducted air conditioners and heat pumps - Testing and rating for performance

Japan JIS C 9612 Room Air Conditioners RACs Split

Malaysia -

Mexico NOM-021-ENER/SCFI-2008 Energy Efficiency of and User Safety Requirements for Room Air-

conditioners, Limits, Test Methods and Labeling

Note : Several standards may be used in one particular economy, and only one or two of them are listed above.

Copyright 2009 ITRI 6
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Economy Standard

New Zealand AS/NZS 3823.1.1-1998 Performance of household electrical appliances - Room air
conditioners - Non-ducted air conditioners and heat pumps - Testing and rating for performance

Papua New Guinea —

People's Republic of China | GB/T 7725-1996 Room air conditioners

Peru —

Philippines PNS 240:1998 Non-ducted air conditioners and heat pumps - Testing and rating for
performance - RACs Window -Philippines

Republic of Korea KS C 9306-2007 Room air conditioners

Russia GOST 26963-86 Self-contained room air-conditioners. General specifications

Singapore ISO 5151 Non-ducted air conditioners and heat pumps - Testing and rating for performance

Thailand TIS 385-2524 Room air conditioners - RACs Window

USA ANSI/ASHRAE 116-1995 Methods of Testing for Rating Seasonal Efficiency of Unitary Air
Conditioners and Heat Pumps (ANSI approved) - Central AC Split type
ARI 210/240-94, ANSI/ASHRAE 16 ...

Viet Nam TCVN 6576:1999 Non-ducted air conditioners and heat pumps. Testing and rating for
performance - Viet Nam

Reference : APEC ESIS, http://www.apec-esis.org/index.php

Copyright 2009 ITRI 7
(/") Asia-Pacific ITRI
Economic Cooperation " Cvreiinad

Standardtlest Conditiont ot Al CoRdItienErS

U COP (Coefficient of Performance) or EER (Energy Efficiency
Ratio) expresses only the performance of the system in a particular
environmental condition.

Indoor Outdoor
Temperature Temperature
DB/WB DB/WB
Cooling| 27°C(19°C) | 35°C(24°C)

CNS 3615, JIS C9612, GB 7725, 1S0 5151, KS C 9306, ARI 210/240, AS/NZS 3823.1.1 ...

Copyright 2009 ITRI 8
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Bariorpeipes Coelreeiafigie of Inveriee Al Coplelitione s

O The air conditioner normally operates in a dynamic state and its
performance changes with outdoor temperature and indoor thermal
loads.

O Additionally, the ON-OFF cycling of the compressor is subject to
the changing loads (so called “ cycling”).

cop Rating capacity is
insufficient to estimate the
performance of the inverter

units (variable speed AC).

Ambient Temperature('C)
Total time (h)

|
250 i
o I
I
150 I
100 I
|
o i
o
4 36 37 38
Copyright 2009 ITRI 35%C Ambient T c) 9
c Asia-Pacific ITRI
&’/ Economic Cooperation MY st

SEER StantardsinPAREC ECOROMIES

Australia & Chinese
New Zealand Taipie

Economies USA Canada Japan China Korea

(1)JRA 4046 : 2004

CAN/CSA C656- GB/T 7725-2004 |KS C 9306- AS/NZS 3823 |CNS 14464 &
HARFE 116-1995
Standard  AS 1161995 Iniog (@)JIS C9612:  |Appendix E 2007 -2001 CNS 3615
2005 Appendix 3
ANSL/ASHRAE 116, |(1) All types of (1) JRA 4046, GB/T 7715-2004, |KS C 9306- Working on it Draft
Methods of testing |central air Room air Room Air 2007, Room air|
for seasonal conditioners are  |conditioners, 2004 |Conditioners conditioners

efficiency of unitary |rated using SEER
air-conditioners and

Reference | ¢ pumps (2) test procedure |(2) JIS C 9612,
for central air Room air
conditioners : ART|conditioners, 2005
210/240-89 &
ASHRAE 37
Copyright 2009 ITRI 10
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3. Procedures of SEER calculation

Copyright 2009 ITRI

A\ Asia-Pacific

Vieastrement Poimts oA ConditionErs or SEER

s Economic Cooperation

Constant speed AC
. |
l Cooling ! Cooling Power
Capacity Consumption
Capacity Measurement 'Y °

(Indoor 27/19°C » Outdoor 35/24C)

%Cd: 025
< @Measurement

Variable speed AC (inverter type)

Copyright 2009 ITRI

Cooling | Cooling Power
Capacity Consumption
Capacity Measurement
(Indoor 27/19°C » Outdoor 35/24°C) ® ®
Intermediate | Power
Capacity Consumption
Capacity Measurement
e e

(Indoor 27/19°C » Outdoor 35/24°C)

¢Cd - 0.25

¢ @Measurement - @Measurement °
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2.

(98]

6.

Appreach te the Calculation Precedure ofi the SEER

A0\ Asia-Pacific ITRI
Economic Cooperation MR e eemncingy

search Institute

Establish the calculation method for constant-speed AC units and variable —
speed (Inverter type) AC units.

Obtain the cooling capacity and power consumption of the system from the
standard test condition. For inverter AC unit, the additional test of intermediate
cooling capacity and power consumption are necessary.

. Establish the average bin temperatures for the climatic region concerned.
. Estimate the cooling (or heating) capacity and power consumption of the

system in each bin temperature.

. Make a summation to generate Cooling Seasonal Total Load (CSTL) and

Cooling Seasonal Energy Consumption (CSEC), respectively.
Then, divide CSTL by CSEC to obtain SEER, as expressed by

290,

SEER =%
2P,
j=1

Construct the interface of the SEER evaluation program.

Copyright 2009 ITRI 13

SEERNOFAII Conaitoners

A Asia-Pacific = iTRI
7 Economic Cooperation MR osisTecnnotogy

2 Sum=Seasonal Cooling

B Load(Wh)
—~ £ 200000 =~
< 5
5 g Seasonal Cooling Load (Wh)
o x SEER= -
g2 Seasonal Power Consumption (Wh)
3§ 700000
o) @
99
S8 0
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
Ambient Temperature®C
20000 2 Sum=Seasonal Power
i
% 20000
s S
.
3 g'zaooo
a
>
(_6 [%2]
= S 70000
o O
O
o
24 25 26 27 28 29 30 37 32 33 34 35 36 37 38
H O,
Copyright 2009 ITRI Ambient Temperature®C 14
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4. Key parameters of SEER

Copyright 2009 ITRI 15

S Asia-Pacific iTRI
&s@g?? Economic Cooperation £ s

<~ cconomic ¢ooperauon Wl RRE e

1. Information needed :

@ The weather data of the regions concerned.

@ The cooling capacity and power consumption of the system obtained
from standard tests.

@ the curves of cooling capacity and power consumption under different
ambient temperature.

@ The curve of building load.

2. Degradation Coefficient (Cp) :
€ When the air conditioner operates in on-off cycle state, the degradation
coefficient is needed to be included to modify the real power consumption.
€ The United States and Canada proposed to use C, =0.2 ;
Japan, China, Korea and Chinese Taipei used C, = 0.25.

Copyright 2009 ITRI 16
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3. Building load curve (BL) :

@ Usually is a straight line, and the outdoor temperature is used as the
horizontal axis. The intersection between cooling capacity and building
load curve can be used to decide the operation mode of the air
conditioner, i.e. on-off cycle state, continuous operation mode or
variable speed operation mode.

Japan, Korea, Chinese Taipei

v y[r&{, Canada
0, (35)

¢, (95)/1.1

New Zealand 4
/,

(assumed)

651 20C 23C 33C 35C
18.33¢C 95

Where ¢, is the cooling capacity of the air conditioner.
Copyright 2009 ITRI 17

LS Asia-Pacific r iTRI
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CompamsemwitiEuldinoiEead (BIE) & DEgadation C

1.(1)Building load (BL)= 0 as outdoor temperature =23C, (for Japan, China, Korea and Chinese Taipei)
(2)Building load (BL)= 0 as outdoor temperature =65°F, (for USA, Canada)
(3)Building load (BL)= 0 as outdoor temperature =20°C, (for New Zealand, assume that when T
is cooling mode)

out > ZOOC
2.(1)Building load (BL)= rated capacity as outdoor temperature =33°C, (for Japan, Korea, New Zealand
and Chinese Taipei)
(2)Building load (BL)= rated capacity as outdoor temperature =35°C, (for China)
(3)Building load (BL)= rated capacity /1.1 as outdoor temperature =95°F, (for USA, Canada)

USA, Canada Japan Korea Chinese Taipei China New Zealand
Economy | ASHARE 116-1995 | JRA 4046 : 2004 Working on it
KS C 9306-2007 Draft-2008 GB/T 7725-2004
ARI 210/240 JIS C 9612 : 2005 ra (assumed)
o | Loy ST g | BU0E
=Cooling o\ . . =Cooling o\ ] .
capacity,/1.1 BL(33°C)=Cooling Capacity capacity BL(33°C)=Cooling capacity
Co 0.2 0.25
Copyright 2009 ITRI 18
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Climaterconditions

1. Average yearly outdoor temperature in Chinese Taipei from 1999 ~ 2006

Outdoor Temperature (C)| Time (hour) | Outdoor Temperature (‘C) | Time (hour)
21 0 31 326
22 0 32 233
23 0 33 112
24 587 34 37
25 700 35 12
26 760 36 4
27 723 37 1
28 650 38 0
29 548 39 0
30 414 40 0

Copyright 2009 ITRI

Total cooling period is 5,105 hours (58.28% of a whole year)

) Asia-Pacific
¢ ” Economic Cooperation

2. Average yearly outdoor temperature in China

ITRI

Industrial
Researc h

Outdoor Temperature (C)| Time (hour) | Outdoor Temperature (‘C) | Time (hour)
21 0 31 177
22 0 32 122
23 0 33 59
24 267 34 37
25 295 35 16
26 362 36 2
27 331 37 3
28 288 38 0
29 246 39 0
30 194 40 0

Copyright 2009 ITRI
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Total cooling period is 2,399 hours (27.39% of a whole year)
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3. Average yearly outdoor temperature in Korea

(provided by Dr. Jun-Young Choi, Korea Testing Laboratory,

Energy Technology Center)

Outdoor Temperature (C)| Time (hour) | Outdoor Temperature (‘C) | Time (hour)
21 0 31 50
22 0 32 35
23 0 33 24
24 85 34 14
25 94 35 9
26 105 36 4
27 101 37 3
28 82 38 2
29 65 39 0
30 59 40 0

Copyright 2009 ITRI

Asia-Pacific

#” Economic Cooperation

4. Average yearly outdoor temperature in Japan

Total cooling period is 732 hours (8.36% of a whole year)

Outdoor Temperature (C)| Time (hour) | Outdoor Temperature (‘C) | Time (hour)
21 0 31 92
22 0 32 35
23 0 33 11
24 196 34 6
25 225 35 4
26 225 36 0
27 240 37 0
28 181 38 0
29 122 39 0
30 93 40 0

Total cooling period is 1,430 hours (16.32% of a whole year)

Copyright 2009 ITRI
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ITRI

Industrial Technology

5. Average yearly outdoor temperature in New Zealand
(cooling season in Christchurch, provide by Mr. Ed. Winter, EECA)

Research Institute

Outdoor Temperature (‘C) | Time (hour) Outdoor Temperature (‘C) | Time (hour)
20 246 30 7
21 177 31 3
22 126 32 5
23 100 33 3
24 68 34 7
25 62 35 0
26 51 36 0
27 22 37 0
28 16 38 0
29 9 39 0

Total cooling period is 656 hours (7.49% of a whole year)

Copyright 2009 ITRI 23
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Comparisenwith BinNiemperatureior SEERStandards
USA Japan China Korea Chinese Taipei New Zealand
JRA 4046 : 2004 . .
Standard - Work: t
ASHARE T16-| 1o 0615 2005 | GBIT 7725-2004 | KS C 9306-2007|  Draft-2008 oriing ont
1995 . (assumed)
Appendix 3
Temp. range | 64°F ~102°F 24°C~38C 24°C~38C 24°C~38C 24°C~37C 21°C~34C
. 8 bins 15 bins 15 bins 15 bins 14 bins 14 bins
Bin temp. R . I o . o . IS o .
(5°F/bin) (1°C/bin) (1°C/bin) (1°C/bin) (1°C/bin) (1°C/bin)
Weather data |1. JRA 4046:2004—  [Weather data in |Weather data in |Weather data in  |Weather data in
in America weather data in Tokyo |China Korea Chinese Taipei  |Christchurch
Reference
2. JIS C 9612:2005— (1999~2006)
weather data in Japan
Cooling period :
3.6 months (Jane 2 to
. September 21) Cooling period :
Period Based on Heating period : T >24°C Cooli iod :
out ooling period :
ASHRAE |5 5 months (October - - T >20°C
Handbook (28 1o April 14) out
Ti Operating time : Operation time :
1me 18 hours(6:00 to 24:00) 24 hours
Copyright 2009 ITRI 24
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Slope of cooling Slope of power SEER

- consumption
capacity curve curve (Wh/Wh)

Item Cp comment

SEER L

1 |*0.25 *1.074 *0.901 4.573 base w /
- -
. - e - SEER
SEER increases as Pa - Po(t) T
2 0.25 13 0.901 5.491 slope of cooling P’(29) - e ~
capacity increases

SEER decreases as
3 | 025 1.0 0.901 4.265 slope of cooling
capacity decrease

SEER decreases as

4 | 025 1.074 1.0 4.105 slope of power W BLc(t )
consumption increases ¥
: ¢ «(29)
SEER increases as ¢ ¢
5 0.25 1.074 0.84 4.929 slope of power o _¢_c,(_j)_
consumption decreases S -
SEER decreases as
6 | 03 1.074 0.901 4.534 Cd increases
7 | 02 1074 0.901 4610 | SEERincreasesas Ta 2C asc BT

Cd decreases

*  the slopes of cooling capacity and power consumption cures are used by Japan, China, Korea, and
Chinese Taipei. It’s assumed that the values are the same for the SEER standards of USA, Canada
and New Zealand to simplify the procedures of SEER calculation.

Copyright 2009 ITRI 25
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5. Introduction of SEER Program

Copyright 2009 ITRI 26
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APEC ) Asia-Pacific £ SEER Calculation Program. v.1
S / Economic Cooperation [ =
i Close /Leave  Help
Variable-Speed Air Conditioner | Constant-Speed Air Conﬂiﬁnngr|
SEER Calculation Program I Input information
1. rated cooling capacity : W » rated power input : w
2. cooling capacity at mtermediate speed : I:I W,
power mput at ntermediate speed ; I:I w
Copyright 2009 APEC provided by Chinese Taipei
Economy / Avea : |Chouse one ... v‘
e Results
Copyright 2000 APEC provided by Chinese Taipei
Copyright 2009 ITRI 27

Steps to calculate SEER

e e

ITRI
Industrial Technology
Research Institute

A Asia-Pacific
Economic Cooperation

N

Input the cooling capacity and power input of the AC.

The intermediate cooling capacity is usually about half walue of the rated cooling capacity.

Choose the Feonomy / Avea where the AC operates.

If choose User Define, then go to step 7.

Select Rum to calculate COP & SEEE.

Select Reset to clear all the input data.

For User Define : Input information

7.1. Set the bin temp. V.S. bin hours = 3
7.2 Setthe value of Degradation Coefficient (Cp). 1. rated coolng capacity : 3000/ W , rated power mput ; 950 wr
7.3. Select Run to calculate COP & SEER.

7.4. Select Reset to clear all the mput data. 5 mea e e D el 1526| W,

Copyright 2009 APEC power mput at intermediate speed : W

Chinese Taipei - CN§ 3615

Japan - JIS C 9612
g} Results Chima - GB/T 7725
USA - ANSUASHRAE 116
COP= I Korea - KS C 9306 :
New Zealand - Draft SGh Resulls
- User Define - COP=|  3.16 , SEER= 489 |
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oin T;m.l:; reture Bin Hours () Deendanon This program so far includes 6 economies’
| | Coefficient (CD) :
24°C _ 02s ~  standards (or drafts) about SEER.
25C
26 °C
27°C
o8¢ ' ' The " User Define ; function is currently
29T under construction.
e . .
31°C ] User can try different bin temp. V.S. bin hours
32°C _ | to simulate the SEER value in different area.
e
3C '
357 \ S5% Results . . .
35 °C il r;,} An electronic copy of the above publications
37C ' cor= | Ww | and the outcome of the development of SEER
»T _ program will be provided to the APEC
ig: . (I [EERS] WIVWh Secretariat for dissemination via the APEC
B Website.
Copyright 2009 APEC provided by Chinese Taipei
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6. Examples of Using SEER program
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Input information
1. rated cooling capacity .| 3000| W , rated powerinput:| 950 W
2. cooling capacity at intermediate speed : 1526/ W,
power input at intermediate speed : : 320 W
Economy / Area COP SEER
Chinese Taipei 4.89
China 4.97
Korea 4.63
Japan 316 5.05
USA / Canada 5.15
New Zealand 5.40

Basically for the same AC, if the economy locates in the hotter climate zone, the calculating
SEER value is lower.
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7. Conclusions
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O Advantages of SEER calculation platform :

1. With SEER platform, as the worldwide users enter the parameters
required, the SEER can be simply calculated based upon weather data
and the test results of the air conditioners.

2. SEER platform program helps promote the concept of part-load
efficiencies of air-conditioners and finally contributes to energy saving.

3. With the application of this program, it will help to reduce unnecessary
duplicate test and administration processes. Meanwhile, it also helps to
reduce the cost and time of testing, and further affects the efficiency of
trading among APEC economies.
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Thanks for Your
Attention!
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