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Abstract

China has had an active program on energy efficiency standards for household appliances
since the mid-1990s. Rice cooker is among the first to be subject to such mandatory reg
ulation, since it is one of the most prevalent electric appliances in Chinese households.
Since first introduced in 1989, the minimum energy efficiency standard faraodesrs

has not been revised. Therefore, the potential for energy saving is considetizdile.

analysis from CNIS indicates that potential carbon savings is likely ¢b i2& million

tons of CO2 by the 10th year of the standard implementation.

Since September 2007, CNIS has been working with various groups to develop the new
standard for rice cookers. With The Energy Foundation’s support, LBNL hakedss

CNIS in the revision of the minimum energy efficiency standard for rice cookar is
expected to be effective in 2009. Specifically, work has been in the following aseas
sistance in developing consumer survey on usage pattern of rice cookers, review of int
national standards, review of international test procedures, comparison of tha-inter
tional standards and test procedures, and assessment of technical options of eeducing
ergy use.

This report particularly summarizes the findings of reviewing internal standards and
technical options of reducing energy consumption. The report consists of an overview of
rice cooker standards and labeling programs and testing procedures in Hong Kong, South
Korea, Japan and Thailand, and Japan’s case study in developing energy efficeenc
cooker technologies and rice cooker efficiency programs.

The results from the analysis can be summarized as the follows:

Hong Kong has a Voluntary Energy Efficiency Labeling scheme forreleitte cookers
initiated in 2001, with revision implemented in 2007; South Korea has both MEPS and
Mandatory Energy Efficiency Label targeting the same categatigetookers as Hong
Kong; Thailand’s voluntary endorsement labeling program is similar to Hong Kong in



program design but has 5 efficiency grades; Japan’s program istdistitscadoption of
the “Top Runner” approach, in which, the future efficiency standards is set based on t
efficiency levels of the most efficient product in the current domesticehakkhough

the standards are voluntary, penalties can still be evoked if the averagmefftarget is
not met.

Both Hong Kong and South Korea’s tests involve pouring water into the inner pot equal
to 80% of its rated volume; however, white rice is used as a load for its tests in Hong
Kong whereas no rice is used for tests in South Korea. In Japan’s caseeveltspéci-

fied by the manufactures is used and milled rice is used as a load onlyypartiad

tests. Moreover, Japan does not conduct heat efficiency test but its energyptmmsum
measurements tests are much more complex, with 4 different tests aretedndute-
termine the annual average energy consumption.

Hong Kong and Thailand both set Minimum Allowable Heat Efficiency for wffe

rated wattages. The energy efficiency requirements are identoegdtdkat the mini-

mum heat efficiency in Thailand is 1 percentage point higher for all ratedrgatego-

ries. In South Korea, MEPS and label’s energy efficiency grades arendetd by the

rice cooker’'s Rated Energy Efficiency for induction, non-induction, pressure, non
pressure rice cookers. Japan’s target standard values are set fonelgogtic induction
heating products and non-electromagnetic induction heating products by diffeeenit s
rice cookers. Specific formulas are used by type and size depending on the matss of w
evaporation of the rice cookers.

Japan has been the leading country in technology development of various types of ric
cookers, and developed concrete energy efficiency standards for rice cddkersver,

as consumers in Japan emphasize the deliciousness of cooked rice over other factors,
many types of models were developed to improve the taste of cooked rice. Nmsethe
the efficiency of electromagnetic induction heating (IH) rice cooikevgarm mode has
improved approximately 12 percent from 1993 to 2004 due to the “low temperature
warming method” developed by manufacturers.

The Energy Conservation Center of Japan (IEEJ) releases energy saducipdata-
base on the web regularly, on which the energy saving performance of each goduct i
listed and ranked.

Energy saving in rice cookers mostly rest with insulation of the pot. Technolegl de
oped to improve the energy efficiency of the rice cookers includes providing vaayum |
ers on both side of the pot, using copper-plated materials, and double stainless layer |
that can be heated and steam can run in between the two layers to speed thprbeating
ess.



1. Introduction

China has had an active program on energy efficiency standards for household appliances
since the mid-1990s. Rice cooker is among the first to be subject to such mandatory reg
ulation, since it is one of the most prevalent electric appliances in Chinese households.
According to China National Institute if Standardization (CNIS)’s esti%, outputs of

rice cookers have reached almost 49 million units per year, with an annwéh gate of

18%. Annual energy use per unit is estimated to be 138 kWh (daily use assumed), almost
approaching that of television sets.

Since first introduced in 1989, the minimum energy efficiency standard faraodesrs
has not been revised. Therefore, the potential for energy saving is considetizdile.
analysis from CNIS indicates that potential carbon savings is likely ¢b i2& million
tons of CO2 by the fdyear of the standard implementation.

This project builds on CSEP’s current effort of assisting China in the development of e
ergy efficiency standards and labels, which have proven to be very effectideiamige
energy use and associated emissions of greenhouse gases (GHG). In thjd Bidjest
role is to assist CNIS in the revision of the minimum energy efficiency sthfmlarice
cookers that is expected to be effective in 2009. Specifically, work has been ik the fo
lowing areas: review of international standards, review of internationgrtesedures,

and assessment of technical options of reducing energy use.

This report summarizes the results of the findings that consists of an ovefview

cooker standards and labeling programs and testing procedures in Hong Kong, South Ko-
rea, Japan and Thailand, and Japan’s case study in developing energy efficeenc

cooker technologies and rice cooker efficiency programs.

2. Overview of Rice Cooker Standards and Labeling Programs in
Selected Countries

2.1 Overview

In addition to China, there are currently four other countries with a minimundastis

and/or a labeling program for electric rice cookers. These include Hong Konp,kKsBut

rea, Thailand and Japan, with Vietnam still considering the adoption of a labeling pr
gram. Hong Kong's Voluntary Energy Efficiency Labeling ScheareElectric Rice-

Cookers was initiated on December 28, 2001, with revisions implemented in January
2007. This was followed by South Korea’s mandatory minimum energy performance
standards (MEPS) and labeling program, which went into effect on January 1, 2004.
Thailand also introduced a voluntary labeling program for rice cookers on July 26, 2004.
Japan then introduced its “Top Runner” standards and voluntary labeling prograre for ric
cookers in 2006.



2.2 Program Type

Hong Kong’s voluntary electric rice cookers standards and labeling prograntespesa
“endorsementprogram, where appliances that meet specified energy efficienoymperf
ance requirements are recognized by an endorsement label. This progliemtagec-
trically operated rice-cookers with maximum cooking capacity of 3.6 léed rated
power consumption of 2 kW. Interestingly, Hong Kong’s heat efficiency MEPBigine
er than China’s MEPS.

While South Korea'’s program targets the same category of rice caskkieng Kong, it
uses minimum energy performance standards and a mandatory energpaffiabel.
Under this program, manufacturers can only sell rice cookers that m&&ER® and are
marked by a label which indicates the energy efficiency and consumption of the. cooke
The label also indicates the cooker’s energy efficiency grade, which fiaomg 1 being

the most efficient to 5 being the least efficient.

Thailand’s voluntary endorsement labeling program is similar to Hong Konggngm
design, but the “No. 5" Energy Label used is similar to South Korea’s mandatory
parative label because it uses 5 efficiency classes. In partiCléas 5 is used to desig-
nate the most efficient appliances while Class 3 designates the apptlzatceset the
minimum heat efficiency requirements. However, Thailand’s comparabet has rec-
ognized only 15 models of rice cookers with 1.8 L capacity.

Japan’s program is distinct in its adoption of the “Top Runner” approach for its appliance
energy efficiency standards as the basis for its voluntary endorsemeimggdvetyram.
Similar to the Hong Kong program, an endorsement label is granted to rice cdu&ers a
to meet a certain standard, the top-runner standard in this case. In turn, the topgunner
proach sets future efficiency standards based on the efficiency levVieésrabst efficient
product in the current domestic market. The goal of this approach is continuous im-
provement over time by providing incentives for manufacturers to develop morg energ
efficient appliances. At the same time, manufacturers and importers msuse¢ ¢he av-
erage, or sales weighted efficiency of their entire appliancess fleeet the top-runner
standard by the target year. Although the Top Runner standards are voluntary because
they do not have a minimum level, penalties can still be evoked if the averagmeffic
target is not met. In terms of target scope, the Top Runner program is also oriftate i

it does not have a maximum cooking capacity. Rather, it only excludes electgoalce

ers with a maximum capacity below 0.54L and cookers for industrial use. Thisuprogr
also has a more complex classification scheme, with 2 levels of division for method of
cooking and maximum capacity size.

2.3 Review of Test Procedures

Test Conditions



Hong Kong’s testing requirements for measuring heat efficiencyaaedion
CCEC/T11-2006 “Technical Specifications for Energy Conservation Producédifi-
cation for Household Automatic Rice Cooker.”

The main specified test conditions for testing heat efficiency and ecengymption
include:

a) Relative humidity in the range of 45% to 75%

b) Atmospheric pressure within the range of 86 to 106 kPa

c) Ambient temperature of 20 °C + 2°C where the test room will not be affect@oht
and heat radiation

e) The electric rice-cooker must not be operating for more than 6 hours phiertedt
efficiency test OR the temperature difference among the inner pot, hdatmeng outer
pot and the ambient temperature must be within 5K.

Similarly, South Korea’s testing requirements includes the same ambigrersgure and
relative humidity conditions. However, South Korea differs in that it specifiesoibie

ing water must be distilled water or service water that has been settredriothan 2
hours. Additionally, its tests are conducted with different classificationsccookers
according to the heating method and pressure type. Specifically, separai@oker
classifications exist for plate vs. induction heating and pressure vs. non-pressure typ

While there are no details on the initial test conditions or testing procedurdsafer T
land’s rice cooker labeling program, it is likely to similar to Hong Kong apad’'s pro-
cedures as it uses Hong Kong and Japans’ test standards as references.

Japan, on the other hand, has very different initial conditions for its testing reguisem
First, it has a higher ambient temperature of 23°C + 2°C and also spdwfiesne tem-
perature for the cooking water. Second, it requires that the cooking ricesbeditaree
times within 20 seconds each time prior to testing. Like Korea, Japan also conpaets se
rate tests for rice cookers with the plate vs. induction heating method. loalsa dur-

ther step to classify the rice cookers by 4 ranges of maximum capaegyisiduding>
0.54t0<0.991L>099t0<1.441>1.44t0<1.80L and 1.80 L and over.

Efficiency Measurement

Both Hong Kong and South Korea’s measurement tests involve pouring water into the
inner pot equal to 80% of its rated volume. A major difference between the two coun-
tries’ testing procedure is that Hong Kong uses white rice as a load fests while

South Korea does not seem to have a load. Japan’s testing procedures also ditfses beca
it uses the water level specified by the manufacturer and uses midexkracload for on-

ly some parts of the procedure. More importantly, Japan does not conduct the heat effi-
ciency test but its energy consumption measurement tests are much morcottipke
different tests are conducted to determine the annual average energymansum



The rice-cooker is tested at the rated voltage of 220 + 2.2 volts in both Hong Kong and
South Korea but at different frequencies of 50 £ 0.5 Hz and 60 £ 0.6 Hz, respectively.
Japan, on the other hand, tests rice cookers at 100 + 1 volts and frequencies of 50 = 0.1
Hz or 60 + 0.1 Hz.

The measurements methods of Hong Kong, South Korea and Japan also have notable dif-
ferences. For Hong Kong, energy consumption (E) and maximum temperaturee(T2) ar
recorded when the temperature of water is raised up to 95°C and the cookenmis disc
nected from its power supply.

Hong Kong’s heat efficiencyyj at ambient temperature is calculated using the following
equation :
n=2116G1(T2-T1) x 100% CG2 (T2 - T1) x 100%............... (1)

E 3.6E

Wheren -- heat efficiency, %, to the nearest 0.1%.

G1 — mass of water before test, kg ;

T1 -- temperature of water before test, °C ;

T2 -- maximum temperature of water after the test, °C ;

C -- specific heat capacity of the material of the inner pot, kd/kg-K
G2 — mass of the inner pot, kg ;

E — energy consumption, Wh.

3.6 — 1/1000 x 3600 seconds/hr

For South Korea, energy consumption is measured 4 minutes after cooking mede start
The top cover is then closed and the maximum temperature measured. The test is per-
formed 4 times with the same procedure with the average data taken as tmeésal
urement.

_Output _ AT x[Q+(Wg, x CR)+ (Wg, xCR )[x100

Cooking Efficiency (%)
Input 024x Ecx 3600

Where, Q : Water weight (g)
Waq : Inner pan weight (g), Aluminum
Wg; : Inner pan weight (g), Stainless Steel
CP; : 0.22 kJ/kg K, specific heat of Aluminum
CP,: 0.12 kJ/kg K, specific heat of Stainless Steel
T, : an initial water temperature in an inner pan,
T, : a final water temperature in an inner pan,
Ec : Electric power consumption, (Wh)
3600 : second, 1 hour
0.24: 240 seconds/100, time of energy input for cooking

For Japan, 4 different tests representing the cooking, rice warming, timetaadblys
modes are conducted. For the cooking mode, the energy from the start to completion of



cooking is measured and averaged over 3 tests. The rice warming mode measures the e
ergy consumed while an electric rice cooker warms the rice for 1 howedrataly fol-

lowing the cooking mode. For both the timer and standby mode testing, energy consump-
tion is measured for 1 hour in each respective mode without rice in the cooker. The an-
nual average energy efficiency is then calculated based on each mod&sukstand
proportion of annual use, as illustrated by the formula below.

The values for NA, HB, HC, and HD are shown in Table 1.
E = {(AxNA) + (BxHB) + (CxHC) + (DxHD)}/1000

The variables (E, A, NA, B, HB, C, HC, D and HD) in the equation express the
following values:

E: Energy consumption [KWh/year]

A: Energy in cooking mode per use [Wh/use]

NA: Number of uses per year [use/year]

B: Energy to keep rice warm per hour [Wh/h]

HB: Hours of keeping rice warm per year [h/year]
C: Energy in timer mode per hour [Wh/h]

Hc: Hours in timer mode per year [h/year]

D: Energy in standby mode per hour [Wh/h]

HD: Hours in standby mode per year [h/year]

Table 1 Coefficients of Japan’s Formula for Energy Efficiency Calculabn

Maximum Rice NA HB Hc HD
Cooking Capacity

(L)

>0.54t0<0.99 L 290 920 750 2,760
>0.99t0<1.44 L 340 1540 1190 2,990
>1.44t0<1.80L 390 2180 1880 1210
>1.80 L and over 350 2420 1000 2,150

Source: ERCCSS, 2005

2.4 Efficiency Requirements

Hong Kong’s voluntary labeling efficiency standards are based on the mininawn all
able heat efficiency standards.



Table 2: Hong Kong MEPS Levels

Rated Wattage (P) W Minimum Allowable Heat Efficiency () 26
F= 400W &4
400W = P £ 500 W £5
GOOW =P = 800 W E6
BO0W = P = 1000 W &7
1000 = P = 2000 W Ea

Sourcehttp://www.emsd.gov.hk/emsd/eng/pee/eels sch doc.shtml

Thailand’s labeling efficiency requirements are very similar to Honggksorequire-
ments, except that its minimum heat efficiency percentages are 1 perqasiteadegher
for all rated power categories.

Table 3: Thailand MEPS Levels

Rated Power P, (watt) Minimum Heat Efficiency, %
P <400 85
400 < P <600 86
600 < P_<800 87
800 < P_<1000 88
1000 < P <2000 89

South Korea’s MEPS and label’s energy efficiency grades are deternyitieel tice
cooker’s classification, as seen in the four tables below (Table 4 to Tallberg
R (Energy Efficiency Level Index) Rated cooking efficiency (%)

Table 4: South Korea MEPS Levels for Plate Heating in Non-Pressure & Cookers

Rated Energy Efficiency (R) Level
94%<R 1

90%< R < 94%

86%< R < 90%

82%< R < 86%

78%< R < 82%

albhhiw N

Table 5: South Korea MEPS Levels for Plate Heating in Pressure Ricgookers



http://www.emsd.gov.hk/emsd/eng/pee/eels_sch_doc.shtml

Rated Energy Efficiency Standby power Level
(R) (No load mode)
90%<R <1.0W 1
90%<R N/A 2
86%< R < 90% N/A 3
82% <R < 86% N/A 4
78%<R < 82% N/A 5

Table 6: South Korea MEPS Levels for Induction Heating in Non-Pressur®ice
Cookers

Rated Energy Efficiency Standby power Level
(R) (No load mode)
92%<R <10W 1
92%<R N/A 2
88%<R < 92% N/A 3
84%< R < 88% N/A 4
80%< R < 84% N/A 5

Table 7: South Korea MEPS Levels for Induction Heating in Pressure ReeCookers

Rated Energy Efficiency Standby power Level
(R) (No load mode)
90%<R <3.0W 1
90%<R N/A 2
86%< R < 90% N/A 3
82%< R < 86% N/A 4
78%< R < 82% N/A 5

Japan’s target standard values are set for electromagnetic inductioig fpeatiucts and
non-electromagnetic induction heating products by different size of radeer Specific
formulas are used by type and size depending on the mass of water evaporation of the
rice cookers (Table 8).

Table 8: Japan's Top Runner Standard Targets



Category Calculation equation for sandard
Heating method Maximum rice cooking capacity |tsseyreme|  energy consumption efficiency
Electromagnetic induction 0.54 ers or more, and less than 0,99 liters A Ex=0200M+485
heating products 0.99 mers or more, and less than 1.44 liters B Ex=0244M+B32
1.44 mers or more, and less than 1.80 liters C Ex=0.280M+132
1.B0 Bers or more D Ex=0.252M+132
Mon-electromagnetic induction | 0.54 ers or more, and less than .99 liters E E «=0209M4+36.7
heating products 0.99 liters or more, and less than 1.44 liters F Ew=0244M+T56
1.44 sers or more, and less than 1.80 liters G E «=0.280Mm-+99.0
1.B0 fters or more H Ex=0252M+122

Remarks

|. The maximum rice cooking capacity shall be determined by multiplying the volume of the measuring cup
specified by the manufacturer (liter) by the maximum number of cups that the product is designed for.

2. Ex and M represent the following numerical values.

Ex: Standard enerzy consumption efficiency (KWh per year)

M: Mass of evaporated water (This is the mass of water expelled from the rice cooker when electric power
consumption is measured for each rice cooking operation, and is the mean value of the mass of evaporated
water obtained at every measurement of electric power consumption during cooking rice. The mass of
water expelled from the rice cooker is calculated by sobiracting the measured weight of the rice cooker
within 1 minute after completion of cooking prior to opening the lid from the weight of the rice cooker
containing water and rice prior to the stant of cooking. It is expressed in grams and roundad off to 1
decimal place.)

Sourcehttp://www.eccj.or.jp/top_runner/index_contents telh (ECCJ, 2008a)

3. Energy Efficient Rice Cooker Technology Development in Ja-
pan

Rice is the predominant food in Japan, thus the rice cooker is one of the most important
home appliances. Japan has been the leading country in technology development of vari-
ous types of rice cookers, and developed concrete energy efficiency stdnddetsr-

ent size and type of rice cookers. In addition, Japan has the most informatiable\ai

the energy efficiency of rice cookers; this section intends to describ@slagperience

in developing rice cooker technologies. Note that the information provided in th@ansecti

is largely based on Final Report on the Top Runner Target Rice Cooker Standards pro-
duced by the Advisory Committee on Energy and Natural Resources of Japan for its
standard setting for rice cookers (ERCCSS, 2005)

3.1 Historical Trend and Current Status of Rice Cooker in Japan

Rice cookers first appeared in Japan in 1955, and in 1972, a rice cooker combined with
an electronic jdrto keep warm was developed (also called a mechanical rice cooker).
Further, in 1979, manufacturers released electronic jar rice cookers wittcomguters,
with which there is no more need to soak rice after washing, and the heatirzpae
adjustable according to the volume of rice. Later, rice cookers with meimans that

1 An appliance to keep the food warm


http://www.eccj.or.jp/top_runner/index_contents_e.html

can easily set a fixed time emerged in the market. In addition, in responsestomesdr
for “greater taste of rice”, rice cookers with a mechanism to control heahena devel-
oped. In 1988, the first IH rice cooker was released. Instead of the conventiomsg heat
system, this type of cooker employed Electromagnetic Induction Heatingy#tem
which generates great heating power. Because rice is such an importannfdapanese
food culture, more technologies developed to improve the taste of the cooked rice.

Table 9 shows the control method and heating system of different types of keescoo

Table 9 Control Method and Heating System of Different Types of thRice Cooker.

Mechanical Rice Cookers Microcomputer RictH Rice Cookers
Cookers

Control | Controlled by a mechanical switch| Controlled by microcomputer A microcom
Method | The rice cooker is powered by a | puter receives information from semicon-
steady electric current. A built-in | ductor thermal sensors located under the| pot
thermal sensor switch located ur-and inside the lid of a rice cooker and uses
der therice cooker pot detects this information to control the volume of
when the water runs out, and a| electric current.

mechanical switch cuts off the elec-

tricity.
Heating | Direct heating system Electromagnetic In-
System | The rice cooker’s pot is heated by duction Heating
thermal conduction from the heatey. System Coils gen-

erate an eddy cur-
rent in the rice
cooker pot material,
and the pot heats up
due to electric re-
sistance.

3.1.1 Trend of Domestic Shipment of Electric Rice Cookers

The domestic shipments of electric rice cookers have been steady sinced@b0. T
shipments in 2003 were 6. 271 million units and the overseas production of electric rice
cookers exceeded the domestic production. Many of the imported products are manufac-
tured by Japanese companies overseas and sold in Japan as imports. SintdéclHoelec
cookers were introduced in 1988, the share has been increasing steadily, cacrently
counting for more than half all rice cookers shipped domestically (Tad@d Figure

1).

Table 10 Domestic Shipments of IH Electric Rice Cookers and Non-IH E#ic Rice
Cookers

Fiscal Year IH Type Non-IH Type Total




1994 2,007 4,615 6,622
1995 2,365 3,890 6,256
1996 2,831 4,020 6,851
1997 2,915 3,516 6,431
1998 2,959 3,191 6,150
1999 3,056 3,049 6,104
2000 3,201 2,990 6,191
2001 3,184 2,918 6,102
2002 3,297 2,948 6,244
2003 3,424 2,847 6,271
[ [ [
FY 2003 |’| ‘ ‘ i ‘ |
Fr2002 € ‘ T ‘ g OIH Type
FY 2001 |’| ‘ ‘r ‘ §| | O Non-IH Type
FY 2000 |I ‘ ‘| ‘ )
FY 1999 |’| ‘ f‘ ‘ |
FY 1998 |I ‘ | ‘ ‘ J
FY 1997 I’I ‘ [ ‘ ‘ J
FY 1996 |I ‘ [ ‘ ‘ )
FY 1995 I’| ‘ [ ‘ ‘ ]
FY 1994 | | 7
0% 25% 50% 75% 100%

Source: Japan Electrical Manufacturers’ Association
Figure 1 Share of Domestic Shipment Electric Rice Cooker by Type

Table 11 shows domestic shipments of electric rice cookers by cooking gapacit
The ratio of domestic shipments corresponding to each capacity type is @dasent
Figure 2. Domestic shipments of smaller rice cookers (< 0.99 L) have badxg st
over time, whereas medium sized rice cooker8.99 to < 1.8 L) have increased

their share and now account for nearly 60 percent of the total domestic slsigment
electric rice cookers. Domestic sales are declining in recans y&also a result of
more products were manufactured by oversea Japanese companies and imported
back to Japan as imports.

Table 11 Domestic Shipments of Electric Rice Cookers by Cooking Capacity

Fiscal Total Number of
Year <099L | >0.99t0<1.8L 1.8L and over| Ejectric Rice Cookers

1994 998 2,940 2,281 6,219

10




1995 1,052 3,001 2,265 6,318
1996 993 2,957 2,229 6,179
1997 957 3,121 2,274 6,352
1998 1,009 3,342 2,271 6,622
1999 998 3,161 2,097 6,256
2000 1,160 3,421 2,271 6,851
2001 1,132 3,213 2,086 6,431
2002 1,172 3,109 1,868 6,150
2003 1,162 3,148 1,794 6,104
FY 2003 — : - g
FY 2002 T ‘ ‘ T ‘ ]
FY 2001 : : : : : 3 [o<099L
FY 2000 — ‘ — ) |D<0.99to<18L
FY 1999 e ‘ — ) |O1.8Landove
FY 1998 — ‘ — J
FY 1997 ' ‘ ‘ [ ‘ J
FY 1996 I ‘ ‘ ' ‘ J
FY1995 E : ' ' : ‘ )
Frioos £ | ‘ ‘ . ‘ y
FY 1993 . ‘ ‘ i ‘ ]
FY 1992 | ‘ ‘ | ‘ J
FY 1991 | ‘ ‘ | ‘ )
FY1990 [ | [ )

0% 25% 50% 5% 100%

Figure 2 Share of Domestic Shipment Electric Rice Cooker by Capacity

Table 12 shows the number of domestic shipments of electric rice cookers bygowekin
pacity and by type, and Figure 3 shows the breakdown of electric rice coolcagdmyty
and by type in fiscal year 2003. In recent years, medium sized IH okersa® 0.99 to

< 1.8 L) accounted for approximately one-third of total domestic shipmeniectii@rice
cookers. In addition, more non-IH type of rice cookers are observed in the sizalés
0.99 L) than in other size categories (medium and larger capacitiggjeFi)

Table 12 Number of Domestic Shipments of Electric Rice Cookers by Cookj Ca-
pacity and by Type

Fiscal IH type Non-IH Type Total
Year
<099 | 2099 | 18L Subtotal <099 | 2099 | 18L Subtotal
L to<1.8 and L to< 1.8 and
L over L over
1999 188 1,800 1,068 3,056 974 1,348 726 3,048 46,10
2000 179 1,921 1,102 3,202 906 1,314 710 2,990 26,19
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2001 196 1,938 1,051 3,185 870 1,366 682 2,918 36,10

2002 184 2,097 1,016 3,297 979 1,341 628 2,948 56,24

2003 197 2,241 986 3,424 932 1,322 593 2,847 6,271

O IHType<0.99L o IHType218L @ IH Type 20.99 to <1.81L
® Non-IH Type <0.99 L m Non-lH Type 21.8L W Non-IH Type 20.99 to <1.81L

Figure 3 Share of IH and Non-IH Rice Cookers Shipped in 2003 for Each Capacity

O IH Type <0.99 L

O IH Type 20.99t0 <1.81 L

O H Type 21.8L

O Non-IH Type <0.99 L

M Non-IH Type =0.99t0 <1.81 L
@ Non-IH Type 21.8 L

Figure 4 Share of IH and Non-IH Rice Cookers Shipped in 2003 by Capacity and by
Type

3.1.2Major Domestic Manufacturers and Retailers of Electric Rice Cookersn Ja-
pan

The major domestic manufacturers and retailers of electric rice coolkdundes: Sanyo
Electric Co. Ltd., Sharp Corporation, ZOJIRUSHI CORPORATION, Tiger Catjuor,
Toshiba Corporation, Hitachi Home and Life Solutions Inc., Matsushita Eleathis{
trial Co. Ltd., Mitsubishi Electric Corporation.

The Japanese market for rice cookers is somewhat unique. Unlike other horaecagpli
there are not many electric rice cookers produced by overseas manusactilge main
reason is that the Japanese prefer to eat non-glutinous rice rather tharalongg that
is generally preferred overseas. Differences may exist in coaguirements for these
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two kinds of rice that would lead to the predominance of domestic manufactures in the
market.

3.1.3 Consumers’ Preference for Selection of Electric Rice Cookers

Unlike many other appliances, energy efficiency in rice cookers is not @ypraord may

not even be one of the most important factors when consumers choose the models. Ac-
cording to a manufacturer conducted survey, “What do Consumers Expect frontElectr
Rice Cookers”, the deliciousness of cooked rice is the most importanttimaconsum-

ers, followed by the price (Table 13). Based on the survey, manufacturers htharput
focus on improving the taste of the rice cooked over the energy efficietivy nte

cookers. Many types of models have been developed to improve the taste of cooked rice
including Steam IH type, Steam Pressure, Clay Rice Cooker, and Ultr8solimg

typ€”. In order to improve the taste of cooked rice, manufacturers have developed thei
own standards in volume of heat and control methods for heating employed i electri
rice cookers, to improve the relative taste of cooked rice based onxjpetireaice.

Table 13 What Consumers Expect from Electric Rice Cooks at the Time of Pur-
chase (percentage of total sample3)

Deliciousness of cooked rice 82.5
Deliciousness of cooked rice in warm mode 62.3
Price 57.9
Energy efficiency 47.7
Ease of maintenance 44.2
Ease of operation 42.7
Size 25.2
Time required to cook rice 22.5
Design 18.2
Consideration for recycling 12.9
Weight 12.0
Ease of carry 11.0

3.2 Energy Saving of Electric Rice Cookers to date

3.2.1 Energy Saving in Warm Mode

Even though energy efficiency is not top priority for rice cookers in Japan, thexe ha
been efforts made to improve the efficiency over time. The manufactures foutitethat
condition of rice in warm mode varies greatly depending on the temperature ofrthe wa
mode (Figure 5). When the temperature in warming mode excetdsfi®rice made

2 sanyo developed a variable ultrasonic boiling doeker, that by changing the boiling pressure betw
1 and 1.2 atm alternatively, it can make the ridaice” and stream even more thoroughly. Furthernitore
is equipped with “flavor circulation unit” in thélthat able to keep the flavor in without evapigit to
the air.

3 A total of 599 samples
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will be dry, hard and change color, whereas theewiitl spoil due to bacterial propagation if

it goes below 60°CTo guarantee the safety of cooked rice and to prevent spoilage, manu-
facturers have in the past neglected energy efficiency. Thereforeyioysrenodels,

rice was kept at around %0in warm mode. In recent years, manufacturers have devel-
oped a “low temperature warming method”, in which the temperature of the nvade,
normally set at around 80, is increased to over 7O every several hours to prevent bac-
terial propagation. This development has allowed manufacturers to take saerngs

into consideration.

From the comparison of the average electricity consumption of IH elacticookers
(2.0L) in warm mode in 1993 and 2004 (Table 14), the efficiency of the rice cookers in
warm mode has improved approximately 12 percent in 11 years.

°C
100

90

80

70

. 7\

Figure 5 Principle of Operation of Low Temperature Waming Method

Table 14 Average Electric Consumption in Warm Mode foiElectric Rice Cookers (IH
Type, 1.0L)

Fiscal Year Power Consumption in Warm Mode (W)
1993 31.0
2004 27.3

Note: The average value is calculated from the emlisted in the catalogs of all manufacturer§he
measurement method is based on the Japan Eleckiaalfacturers’ Association’s independent standard
HD-0057.

3.2.2 Energy Saving in Standby Mode

Standby power consumption is important for energy saving. Recently, the Japan Elec
tronics and Information Technology Industries Association (JEITA), tphanJ&e-
frigeration and Air Conditioning Industry Association (JRAIA), and the nJapa
Electrical Manufacturers’ Association (JEMA) jointly announced a tdaieduce power
consumption in standby mode. They self-declared that standby power consumption
should be reduced to as low as zero for products without timers and 1W or lesslfor pro
ucts with timers by the end of fiscal year 2003 (for air conditioners by the Sepeof
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tember 2004. To fulfill the declaration, all manufacturers have made improetoghe
control circuits and 100% have achieved the target.

3.2.3 Transition from Heater Type Electric Rice Cookers to IH Type

In the past, compared with gas rice cookers, electric rice cookersese@ppealing be-
cause it was believed that the weak heating power will undermine tastekefcrice,
despite the convenience of electric cookers’ timer and warming moded- Efexctric

rice cooker was developed in 1988 to tackle this issue, as the IH type cooker hpexts its
directly through electromagnetic induction, yielding a higher heatirfgnpeance than
heating through thermal conduction. However, in order to make the taste of coeked
more competitive with that of the gas rice cookers, the rated power oédHielrice
cookers has been increased. As a result, power consumption of IH electankees

has become greater than the heater types’.

Even though IH type rice cookers are much more costly than heater type {3 pliley
are gaining more popularity among consumers, as the consumers in Japan place a
greater priority on the deliciousness of cooked rice over the cost of the cooker.

Table 15Average Retail Price of IH and Heater Type Rice Cookers

Type IH Type Heater Type

Capacity 1.0L 1.8L 1.0L 1.8L

Retail Price Range Approx.31,300 Approx.33,500 | Approx.8,700 | Approx.10,500 yen
yen yen yen

Note: Average retail price at a certain volumeetutl

3.2.4 Future Tasks and Issues on Energy Saving in Electric Rice Cookers

Rice is cooked by adding heat to raw rice and water to induce chemical chratiges
starch. It requires a fixed amount of heat energy, and a decrease in threhgateay
cause unevenness in cooked rice and a less appealing taste. With today’s techinelogy
difficult to obtain a dramatic improvement in the efficiency of heaters, thsisikely

that further energy savings will be achieved only if the deliciousness of caokes r
sacrificed. Therefore, it is suggested that it may be necessarylilisestaregulatory
category which mandates that manufacturers increase energy savings leging the
taste of the cooked rice. For instance, if the proportion of added water is decreased, e
ergy savings can be achieved from the decrease of evaporated water and pawep-cons
tion accordingly; however, the rice may be undercooked in some cases as dfrasal
cooker products with lower water use are set as Top Runner products, it isHdednly
electric rice cookers that may undercook rice will remain in the ebaak the Top Run-
ner status will set a limit on how much water manufacturers can tell corsstovaeld to
their rice cookers. To avoid this happening, the establishment of sedeageres for
products whose proportion of adding water falls outside of the current allowebwdistri
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tion may be necessary. This can enable a reliable regulatory systengming manu-
factures the market incentive to develop further advanced technologies teedubtie
deliciousness of cooked rice and energy saving.

3.3 Energy Saving Label

Other than Top-runner Program, Rice cookers have also been inclutleel Emergy

Conservation Program. The Label Display Program was lunchegas af the labeling
program, and is to make the voluntary labeling program mandatorytéders. The vol-

untary labeling program was launched in Japan in August 2000, whichs ctivgorod-

ucts as of December 2007 (Figure 6). In April 2006, the revised Lawe@iung the Ra-
tional Use of Energy that stipulates the obligation of retatlemrmake efforts to provide
information went into effect, and a guideline was developed by ¢tail& Evaluation

Standard Subcommittee under Natural Resources and Energy. It nsath@ddteetailers
provide information of products at their stores using the “Nationaldatad Energy-

saving Label” which includes information such as energy consumptidnexpected
electricity cost (Figure 7).

Energy-saving symbal — — Emergy Saving Standard achievament rate

Gresn symbol 15 given Pescenioge shows how much a given produdt ochieves Ensrgy Con
io products meefing En- servation Standord farget siondord volue]. Torgst skondard wolves
argy ‘Conservofion Stan- are provided for In Enengy Conservolion Low for each produdt cale-
dard. Cronge symbol 1s gory. Higher the percaniage, the belier energy-soving perfoenaonca
for products Folling fo i5. As for compaters ond mognetic disk units, products ochieving the
meet the standard. sandard will have "A”, "AA” or "AAA"

9 rsf# Hmﬁﬂb FMARTLE
I-Tu?q-e-'r fiscal year ~Energy consumption effickency

Targeted Hming fo achleve Energy An Index fe.g. annual energy con-
Sawing Stondard. Tanget fiscal year sumpdion) shows how much energy a
s provided for In Energy Conservo-  given produd consumes, and which 1s
tion Laow for each produdt category.  oblained by using o measuring method
provided for exch produdt caotegory.

D) srammpan  spmmwaE

90% 320kWh/=E

For o product fatling o mest the standard, oranga symbal 15 given

AEy TR

Figure 6 The Symbol of Energy Saving Label
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Figure 7 Label of Label Display Program for Retailers

3.4 Energy Efficient Rice Cooker Database

The Energy Conservation Center of Japan (IEEJ) releases energy saving gatahase

on the web regularly, on which the energy saving performance of each prodietlis

and ranked The database include the manufacturer, type, model of product, energy sav-
ing performance, annual estimated electricity consumption, and annuakt#iectsts.

The annual electricity consumption is calculated based on the following formula:

Annual electricity consumption=cooking electricity consumption + warming etégtri
consumption + on timer annual electricity consumption + standby electricity consumption

4 http://www.eccj.or.jp/catalog/2007w-h/rice/indexit
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The database is categorized by size of the rice cooker and differenf tfygeheating
system, since IH type was designed to improve the taste of cooked rice, but tead to us
more energy.

Table 16 presents an example of energy performance of IH rice cooke®sdrcup (1 L

to 1.44L) capacity category, and Table 17 shows the same categorgfoconputer

type rice cookers. The average annual electricity consumption of an liHdgpmoker

is 110.9 kWh /year, the most efficient model consumes 92 kWh /year, and the ratio of
energy saving standard achievement is 98%, whereas the least effictitconsumes

39% more energy and the achievement ratio is only 76%. Among the 58 listed models,
the distribution of the energy consumption is relatively even, and energy coisumpt
101-110 kWh bin is higher than other bins at 29% (Figure 8). In the case of micro com-
puter type, the average energy consumption is 101 kWh, 10% less that of the IH type.
The most efficient model consumes 84.5 kWh/year energy, 84% that of the average eff
ciency. More products with greater energy consumption were observed than tihase in t
lower energy consumption bins (Figure 9). Among the energy used in different modes,
cooking uses most of the energy. The electricity consumption in cooking mode and keep-
ing warm mode varies significantly among different models.

However, even though some models are very close to achieving the target, only one mi-
crocomputer model actually achieved the energy saving target stated opthenner
program. Possible reasons include that the Japanese manufactures developedhnany t
nologies to improve the deliciousness of the cooked rice, which resulted in mong energ
consumption. The Top-runner target may be set at the base of the products that use less
added water and therefore less energy, but sacrificed the taste of coek&ac@use the
Japanese consumers place priority on the taste of rice cooked, many technology im-
provements were made with that focus, thus resulted in relatively highey eoerg

sumption. Japan is facing the dilemma in further technology development, some sugges-
tions made includes creating a separate category for Top-runner program.

Average electricity cost for IH type is estimated to be 2,441Yen(§$24:5/year), and
2,222 Yenlyear ($21.4/year) for microcomputer type.

® 1 yen= 0.00963 dollars in April, 2008
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Table 165.5-8 Cup (1 L to 1.44L) IH Type Rice Cooker Technologies and Energy
Performancein Japan

Energy Saving Labeling Program (*1 )
al

Electricity consumption

Energy saving Annu Electricity | Maximum E E
Rank Manufacturer Model E”e.’gy standard electricity bill cooking Cooking Keeping | Timer | Standby

Saving achivement |consumption| (Yen/Year) | capacity (L), mode | warmmode| mode | mode

Lfab.el v ) Whitime) | (Wh/h) | (Wh/h) [ (whvh)
1 |Zojirushi Mahohbin NP-JB10-XJ (€ 97 R 2,020 1 178 183 0.2 0.8
2__|Zajirushi Mehohbin NP-JX10-XA (€ 94 94 2,070 1 177 195 09 | 088
3 [Zojirushi Mahohbin NP-JE10-XA (€ 95 94.5 2,080 1 181 189 09 | 083
4 |Zojirushi Mahohbin NP-LE10-XJ (8 97 954 2,100 1 180 195 107 | 09
5 [Hitachi RZ-GG10J S € 94 95.4 2,100 1 164.6 231 136 | 074
6 [Hitachi RZ-GVI00IN (€ 95 95.7 2,110 1 158.9 24.4 146 | 079
7 [Hitachi RZ-GX100J S ' 95 95.7 2,110 1 158.9 24.4 146 [ 079
8 | Zajirushi Mahohbin NP-LS10-WP B 97 96.7 2,130 1 184 195 107 | 096
9 |Zojirushi Mahohbin NP-LA10-SP ™ 97 9%6.7 2,130 1 184 195 107 | 096
10_|Zojirushi Mehohbin NP-HC10-XJ e 94 97 2,130 1 188 19.1 09 | 083
11 _[Hitachi RZ-GD10J N (€ 2 975 2,150 1 1635 248 136 | 074
12 _[Mitsubishi NJ-SE10-S (€ 94 93.1 2,160 1 1814 21 12 0.9
13 [Mitsubishi NJ-HMI0-S ' 93 1004 2,210 1 1749 24.3 0.9 0.8
14 [Mitsubishi NJ-SV10-S B R 102.4 2,250 1 193.9 21 12 09
15 _|Toshiba RC-1IONFWT ' 94 103 2,270 1 187 235 0.77 | 068
16 _[Tiger Mahohbin JKC-S100-H B 91 103 2,270 1 180 24.7 0.9 0.8
17_[Tiger Mahohbin JKCJ100H P 91 103 2,270 1 180 24.7 0.9 0.8
18 [Toshiba RC-1ONHS (€ 0 104 2,290 1 188 24 089 | 081
19 [Mitsubishi NJ-SX10-T B 90 104 2,290 1 198.7 21 12 0.9
20 _[Mitsubishi NJ-WS10AK & 91 105 2,310 1 185.6 24.6 11 0.9
21 [National SR-HE101-P B 93 107 2,350 1 216 20 12 0.63
22 | National SR-HGI0L-N 5 93 107 2,350 1 218 193 12 0.63
23 |[Tiger Mahohbin JKD-H100-H S 95 107 2,350 1 202 231 0.8 0.7
24 [Tiger Mahohbin JKD-GIOOWU | 93 108 2,380 1 193 24.3 0.8 0.7

25 _[National SR-SXIO-N (€ 95 1085 2,390 1 228 22 0.783 | 0.667
26_|National SR-HS101-C (g 97 109 2,400 1 221 20.1 12 0.63

27 _[National SR-SD10-S B 95 109.3 2,410 1 232 22 0.786 | 0.672
28 [National SR-SE101-S ™ % 109.7 2,410 1 225 19.7 0.79 | 067
National SR-SE101-R ™ % 109.7 2,410 1 225 19.7 079 | 067

30 _[National SR-SY101-N s 97 100.8 2,420 1 227 192 079 | 067
31 _|Tiger Mahohbin JKF-G100-TG e 87 110 2,420 1 203 245 0.8 0.7
32 [Sanyo ECJZ10(SP) (€ 91 1105 2,430 1 217.7 2.6 0.4 0.4
33 [Sanyo ECJIKI0(SN) (€ 89 111 2,440 1 222 2 0.4 04
34 [National SR-SWI0L-W. B 95 112 2,460 1 236 205 013 0.1
35 _[National SR-SWIO0L-T ™ 95 112 2,460 1 236 20.5 0.13 0.1
36_[Zojirushi Mahohbin NP-DA10-SA B 89 112 2,460 1 202 256 0.9 | 083

37 _[Tiger Mahohbin JKF-S100-KS B 85 113 2,490 1 208 24.7 11 1

38_[Tiger Mahohbin JKF-H100-CU ™ 85 113 2,490 1 207 254 0.8 0.7
39 [Sanyo ECHGIOSW) | & 83 1137 2,500 1 209.9 258 0.7 0.6
40 _|National SR-SU101-N (€ 93 115 2,530 1 244 20.4 0.13 0.1
41_[Tiger Mahoh-bin JKG-G100-H e 83 115 2,530 1 222 287 0.7 0.6
42_|Zojirushi Mahohbin NP-HX10-XJ B 81 1162 2,560 1 221 24.2 09 | 088
43 |Toshiba RC-10MF-WT (€ 84 116.4 2,560 1 197.4 30 0.8 0.7
44 |National SR-A10J-S & R 1165 2,560 1 2249 24.2 1 0.54

45 [National SRSTIOASW | & 95 116.8 2,570 1 251 20.15 0.1256 | 0.0982

46 [National SR-SS10AW ® 93 117.4 2,580 1 2515 20.45 0.124 [ 0.0952
47 | Toshiba RC-10MX-SS B 83 1175 2,590 1 2156 25 0.9 0.8
48 [National SR-AI0SW. ™ 0 118.1 2,600 1 224 254 1 0.54
49 [Toshiba RC-10VT-SS ™ 80 120 2,640 1 216.2 27 1 0.7
50 _[Toshiba RC-10VSA-SS s 80 120 2,640 1 220 26.9 14 0.87
51 _|[Toshiba RC-10VS-SS s 80 120.7 2,660 1 2159 26 1 0.9
52 _[Toshiba RC-10NY-SS s 80 121 2,660 1 218 282 08 | 074
53 _[Toshiba RC-10VW-SS Ty 79 1212 2,670 1 2129 27 1 0.9
54 [Toshiba RC-10MG-S B 82 121.3 2,670 1 2065 29 1 0.9
55_[Toshiba RC-10MY-SS B 80 1215 2,670 1 216.8 27 0.9 0.8
56_|Zojirushi Mahohbin NP-EC10-WB B 81 121.6 2,680 1 209 30.2 106 | 094
57 [Hitachi RZESI0W (€ izl 1216 2,680 1 194.1 3385 14 0.78
58_[Tiger Mahohbin JKC-RI00KS B 84 122 2,680 1 226 26.8 0.9 0.8
59 _[Tiger Mahohbin JKCWI00KS B 84 122 2,680 1 226 26.8 0.9 0.8
60 _|[Toshiba RCIOWASS | '€ 80 122 2,680 1 221 27.3 14 0.87
61 |Sanyo ECJI-XP10(W) (8 80 121 2,690 1 216 284 0.8 0.7
62_[Sanyo ECIXVION) ' 80 123.1 2,710 1 2284 278 0.7 0.6
63_[Tiger Mahohbin JKF-B100-CU ' 85 125 2,750 1 251 237 0.8 0.7
64| Zojirushi Mahohbin NP-KA10-WB (8 76 126 2,770 1 210 2.8 106 | 094
65 |Toshiba RCIOVXASS) | (€ 77 1268 2,790 1 228 296 09 | 08
66_ | Tiger Mahohbin JKF-A100KS (€ 83 128 2,820 1 249 255 1 0.9

Maximum - 76 128 2,820 1 252 3385 15 1
Average 89 110.9 2,441 1 208 239 0914 | 0719
Minimum 98 R 2,020 1 159 183 0.124 | 0.0952

*1 Tarcet vear of the Eneray Saving Labeling Prooram is 2008
@ achived the eneray saving standard
(& did not reach the energy saving standard
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Table 175.5-8 Cup Microcomputer Type Rice Cooker Technologies and Energy

Performance in Japan
E”lergySaérgLabdingProgzﬂln{;]) Hecticity | Mad Hectricity consumption
gy saving N ([e] mum . .
Rak|  Menufacturer weer | T g | dmdey | o || e || o || FERETE TR ST B
Saving achi arr=reied| GERRED) ity (L mode | warmmode| mode | mode
La_bt_al e (dAhAeen) (Wntime) | - (Whh) | (ARvh) | (Whvh)
T |Zojnsh Nehobin_ [NSTBIOXA G ES] 815 1860 1 160 181 068 | 05
2 |Zojnshi Vehoon  [NSWAIOWB | & B 6.1 1890 1 159 191 068 | 05%
ZoinsiVBhoon _ [NSWEIOWB | (€ B 6.1 1890 1 159 191 068 | 05
2 [Sap KSFAIDC (€] 10 919 200 1 178.7 185 111 | 045
5 |Tiger Mehobin PCAIOT™M | & B %1 200 1 172 29 03 | 03
6 | Tioer Vehobin JPGBIOW. | & B %8 2110 1 174 29 03 | 03
7 |Nationdl SRLEIOW ) & 103 250 1 17227 2683 | 0629 | 0547
8 |Nationdl SRNCIOW & £ 104 250 1 17333 2645 | 0715 | 0637
9 |Htach RZ-AVIOW B, & 1085 280 1 1725 775 059 | 05
10 |Zojrush Mehobin__ |NS-TGIOXA 4 ® 108 2380 1 187 771 068 | 05%
11 [Tsamn Kuen JAPAN [Ts-MRCI10 & 0 1113 2450 1 608 ol 07 | o7
2 |Shap KSEIGW = &0 1116 2460 1 1913 284 1 | 049
13 |Toshiba RCIOWEWT | (€ 76 1173 2580 1 186.1 3l 09 | 07
14 |Toshiba RCIOWDWT | € 5 1183 2600 1 1891 4 08 | 07
Veximum 5 1183 2600 1 608 ol 11 | o7
Average &8 101 22 1 206 23 | 0706 | 054
Mninum 100 845 1860 1 159 181 03 | 03
*1 Tarcet vear of the Eneray Saving Labeling Prooramis 2008
) achived the eneray saving standrd
;:t;ddrureechmeerergysavirgstaﬂard
IH Type Rice Cooker (5.5 to 8 cups)
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Figure 8 Distribution of the Energy Consumption of IH Type Rice Cookers
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Microcumputer Type Rice Cooker (5.5to 8 cups)

Number of models

81-90 91-100 101-110 111-120
kWh/lyear

Figure 9 Distribution of the Energy Consumption of Microcumputer Type Rce
Cookers

3.5 Energy Saving Technologies

As discussed above, energy saving has not been a priority for rice cotkelogy de-
velopment in Japan, there have been efforts made to improve the energy gfiMdidac
developing various technologies to improve the deliciousness of cooked rice. Emergy s
ing in rice cookers mostly rest with insulation of the pot. A Vacuum PressuRecéH

Cooker was developed to provide thin vacuum layers on both sides as with the vacuum
bottle, so that the heat can be kept inside the pot. In addition, it artificialbases the
internal pressure of the pot in the process of cooking to increase the sweéthegssce,

but can simultaneously seal off the internal air thus saves the energye(EQuZojiru-

shi claims that using this technology can save 10% of the energy used for cooking and
12% for keeping warfh

Vacuum Layer

Easy heat
canductior

IH Heater

Source;_http://www.zojirushi.co.jp/syohin/ricecoof¢PHT.html
Figure 10 The Image of the Zojirushi Vacuum Oven Pot Rice Cooker

8 http://www.nc-news.com/frame/20030707/kigy03070m,randhttp://www.jema-
net.or.jp/Japanese/denki/2007/de-0702/p30-32.pdf
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Other technologies include Matsushita’s highly efficient induction heatisgm using a
voltage-fed single-ended resonant inverter with low energy loss, a heaifimgth mi-
nimal resistance at high frequencies, and a rice cooking pot featuring a-ptaipdr
layer of optimal thickness (Figure ) to improve the heat conducted from theatétr he
Matsushita also developed a technology that has a double stainless lagextitth the
entire lid can be heated and steam runs in between the two layers can ré&ch.430

times faster (Figure12,13) .
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Toshiba has also developed vacuum insulation structure that uses aluminum to seal a
3mm thick vacuum in the glass wool insulation, and the thermal conductivity is
1mW/(mKY'.

4. Conclusion

This report aims to examine the rice cooker standards and labeling progremastries

outside of China, in assisting China to revise its rice cooker standard thatdseexpe

be effective in 2009. The report consists of an overview of rice cooker standards and la
beling programs and testing procedures in Hong Kong, South Korea, Japan and Thailand,
and Japan’s case study in developing energy efficiency rice cooker tecka@adirice

cooker efficiency programs. The results from the analysis can be simadhas the fol-

lows:

Hong Kong has a Voluntary Energy Efficiency Labeling scheme forreleite cookers
initiated in 2001, with revision implemented in 2007. The program applies to rice cook-
ers with maximum cooking capacity of 3.6 liters and rated power consumption of 2kW,
South Korea has both MEPS and Mandatory Energy Efficiency Label targetingrbe sa
category of rice cookers as Hong Kong; Thailand’s voluntary endorseabetinlg pro-

gram is similar to Hong Kong in program design but has 5 efficiency grddpan’s
program is distinct in its adoption of the “Top Runner” approach, in which, the future ef-
ficiency standards is set based on the efficiency levels of the mostrgffscoduct in the
current domestic market. Although the standards are voluntary, penalties|da stil
evoked if the average efficiency target is not met. For rice cookers, it dosst tio¢
maximum cooking capacity, but excludes capacities below 0.54L, and cookers for indus-
trial use.

Regarding on the test procedures, both Hong Kong and South Korea’s tests involve pour-
ing water into the inner port equal to 80% of its rated volume; however, white ric&lis use
as a load for its tests in Hong Kong whereas no rice is used for tests in SouthiKorea.
Japan’s case, water level specified by the manufactures is used autriodlis used as

a load only partially in the tests. Moreover, Japan does not conduct heat effiesgncy t

but its energy consumption measurements tests are much more complex, witreatdiffer
tests are conducted to determine the annual average energy consumption.

Hong Kong and Thailand both set Minimum Allowable Heat Efficiency for whffe
Rated Wattages. The energy efficiency requirements are identegitehat the mini-
mum heat efficiency in Thailand is 1 percentage point higher for atl pterer catego-
ries. In South Korea, MEPS and label’s energy efficiency grades areuetéd by the
rice cooker’'s Rated Energy Efficiency for induction, non-induction, pressure, non
pressure rice cookers. Japan’s target standard values are set forelgogtic induction
heating products and non-electromagnetic induction heating products by diffeeenit s

" http://itechon.nikkeibp.co.jp/article/NEWS/200607119267/
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rice cookers. Specific formulas are used by type and size depending on thef waies
evaporation of the rice cookers.

Japan has been the leading country in technology development of various types of ric
cookers, and developed concrete energy efficiency standards for rice codkmes In-
duction heating rice cooers were introduced in Japan, the share of IH rice dwkers
been increasing steadily, currently accounting for more than half of@khipped do-
mestically, and medium size (0.99L to 1.8L) rice cookers accounts for nearlycgdiper
of the total shipments in recent years. However, unlike other appliances in Japgy, ene
efficiency of rice cookers has not been a focus for technology developmemn#\s1c

ers in Japan emphasize the deliciousness of cooked rice over other factorg;peamy
models were developed to improve the taste of cooked rice. Nonetheless, tbeogffic

of IH rice cookers in warm mode has improved approximately 12 percent from 1993 to
2004 due to the “low temperature warming method” developed by manufacturers.

The Energy Conservation Center of Japan (IEEJ) releases energy saducipdata-

base on the web regularly, on which the energy saving performance of each product is
listed and ranked. The average electricity consumption of an 5.5- 8 cup rice ooker i
110.9 kWh/year for IH type, and 101 kWh/year for micro computer non-IH type. How-
ever, most of the technologies have not met the target stated in the Top-runner program

Energy saving in rice cookers mostly rest with insulation of the pot. Technolegl de
oped to improve the energy efficiency of the rice cookers includes providing vdayum
ers on both side of the pot, using copper-plated materials, and double stainlesd layer li
that can be heated and steam can run in between the two layers to speed thprbeating
ess.

However the dilemma that Japan is facing is that many technologiesjpedéd im-
prove the taste of the rice, yielding higher energy consumption. Furtheniement in
energy efficiency conflicts with the pursuit of deliciousness of cookedSmame sug-
gests that the establishment of separate categories for produdisgadgéciousness of
the rice.
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