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Entrusted Investigation Work for Evaluation/Verification of the CO2 Emission
Reduction Effect, etc. by the Fluorocarbon Leakage Detection Technology Using 10T
Technology (FY 2022)

1. Purpose of the Investigation

The HFC emission volume still shows an increasing trend and leakage during the
operation of commercial refrigeration equipment accounts for some 60% of such
emission. Although it has been hoped in recent years that the active use of a highly
accurate fluorocarbon leakage detection system (hereinafter referred to as a “LDS” will
lead to the early detection of leakage, such a system has not yet been installation to many
existing refrigeration and air-conditioning equipment which is still expected to be used
for a long time to come. The progression of refrigerant leakage without being detected
not only increases the HFC emission volume but also causes the excessive consumption
of power due to a declining equipment operation rate, resulting in increased CO, emission
originating from energy use.

Under these circumstances, the investigation aims at evaluating the reduction effect
on power consumption, etc. following the introduction of a LDS, focusing on retail, cold
storage, food manufacturing and other businesses with an especially high level of
leakage during operation so that the global warming mitigation effect of such a system

can be understood and verified.
2. Flow of the Investigation

The flow of the investigation is shown in Fig.-1.
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% The numbers in Fig-1 are different from the chapter numbers in this Summary.

0. Preparation of the Implementation Plan, etc.

<

<

<

G. Implementation of Evaluation and

Verification Work through the
Introduction of a LDS

\

(1.1 Arrangement to implement the
evaluation/verification work
and_introduction of a_ L DS

1.1.1 Selection 1.1.4 Preparation
of the
implementation
schedule

1.1.5 Preparation
and installation of
measuring
lequipment.

1.1.6 Confirmation
of the continuity of
data

and adjustment of
detector users

1.1.2 Selection of
\verification facility
land equipment

1.1.3 Preparation
of system
configuration

through the evaluation/verification
work

1.2.1 Obtainment and

larrangement of verified data

(5-6 months; summer to

winter)

1.2.2 Analysis of Fluorocarbon
leakage tare, etc. based on the
levaluation/verification work

1.2.3 Evaluation and
Vverification based on the past
fluorocarbon data

o

(1.2 Obtainment and analysis of data A

1.3 Removal of Measuring Equipment

(2 . Verification Test to ProducD
a Correlation Graph between
Increased Rate of Power
Consumption and Refrigerant
Leakage Rate

2.1 Setting of preconditions
for evaluation

2.2 Designing of the test ‘

2.3 Implementation of the
test

2.4 Analysis of the test
results and preparation of
a correlation graph

2.5 Evaluation of the
degree of impact of each
factor related to
fluorocarbon leakage and
power consumption

\S

/

\, ,

6 nalysis and Evaluation \

Method for the Global Warming
Mitigation Effect

3.1 Initial examination of a
global warming mitigation
effect analysis and evaluation
method in FY2023, taking
the findings in FY2022 into
consideration

3.2 Market survey taking
into the analysis and
evaluation method

3.3 Preparation of a global
warming mitigation effect
analysis and evaluation
method

. J

aEstimation of CO2 reductih

effect through the introduction
of a LDS and examination of a
method to spread the results

4.1 Estimation of CO2
reduction potential through
the introduction of a LDS

4.2 Examination of a
method to spread the
work results

4.3 Arrangement of
pending issues for more
refined estimation of CO2
reduction [potential,
having considered the
work for the next FY and
beyond

.

J/

o

O

L

5. Compilation of the Report, etc.

<

Fig-1 Flow of the Investigation

3. Outline of the Investigation

3.1 Implementation of Evaluation and Verification Work through the Introduction of a

LDS

Having installed LDS systems targeting retailers possessing commercial refrigeration

and air-conditioning equipment (6 retailers with 30 refrigerators), the obtained relevant

data was analyzed to analyze 1) the possibility of detecting a leakage at a fluorocarbon

leakage rate of 30%, ii) the relationship between fluorocarbon leakage and increased

power consumption and iii) the speed of fluorocarbon leakage.

The results of the analysis confirmed those refrigerators with a flash gas incidence rate

of 30% used as a yardstick, verifying a fair level of fluorocarbon leakage as well as the

positive effect of the installation of a detector.

* A higher rate of flash gas incidence means a higher level of leakage.
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(Subject Period: 1st to 31st August, 2022)
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Fig.2 Examples of Measurement Results

In regard to the relationship between fluorocarbon leakage and increased power
consumption, the electricity consumption before and after the filling of HFC in those
refrigerators from which fluorocarbon leakage was confirmed was analyzed and the

results showed a general trend of a reduction of the power consumption.

Ambient Power Consumption Power (Wh)
Temperature (Wh) Consumption 14,000
Before After Reduction
(°C) - - 12,000
Filling Filling Rate
24 5,120 4,569 11% 10,000
25
26 Not measured due to insufficient data — 8,000
27 5,655 5,063 10% 6,000
28 6,505 6,253 4%
4,000 o
29 7,123 6,353 11% s Before filling
30| 7547|6756 10% 2,000 After filling
31 8,157 7,206 12%
32| 8594| 8049 6% 0
24 25 26 27 28 29 30 31 32 33
33 8,432 8,515 -1% )
Ambient Temperature("C)

34 8,987 8,700 3%
Overall Average 7.4%

Fig.3 Analysis Results of Changing Power Consumption Before and After the Filling of HFC
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3.2 Verification Test to Produce a Correlation Graph between Increased Rate of

Power Consumption and Refrigerant Leakage Rate

Having examined and set the preconditions for evaluation taking the usage situation of
refrigerators in the food manufacturing industry (food processing plants) into
consideration, the details of the verification test were designed and this test regarding
the relationship between the refrigerant leakage rate and increased rate of power
consumption (measurement of the increased ggRte of Pover Consumption ncrease

power consumption by gradually removing

the fluorocarbon by 10% at each stage after

fully filling) was conducted. No increase of

the power consumption was observed up to a

leakage rate of around 40% and a sudden

increase of the power consumption was

observed at 50 — 60%, indicating a similar

result to a comparable test featuring a ” 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
separate type refrigerator attached to a femgerant Leskage Rae
showecase in a retail business.

120%
100%
80%
60%
40%

20%

Fig.4 Relations between Refrigerant Leakage
Rate and Increased Power Consumption Rate

3.3 Formulation of an Analysis and
Evaluation Method for the Global Warming Mitigation Effect

An analysis and evaluation method for the global warming mitigation effect was
formulated based on the verification test results, market survey findings, etc. and the CO>
reduction potential was estimated. The targets for this estimation were decided to be retail,
food manufacturing (food processing plants), food and beverage, accommodation, eating
and drinking service and cold storage businesses nationwide. The estimated CO2
emission reduction results by the introduction of a FDS using loT for all of these
businesses were about 2 million t-CO> eq from the refrigerant leakage reduction effect
and about 2 million t-CO- eq from the power consumption reduction effect.
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e | EOE 00 B
(©) FERT | REE
24 7, 464 6,217 16. 7%
25 7, 880 6, 892 12. 5%
26 8,111 7,169 11. 6%
27 8, 864 7,810 11. 9%
28 9, 854 8, 140 17. 4%
29 10, 290 9,135 11. 2%
30 11, 449 9,272 19. 0%
31 12, 069 9, 760 19. 1%
32 12, 740 10, 527 17. 4%
33 12, 332 10, 769 12. 7%
EXCB) 15. 0%
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IR
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24 5,120 4, 569 11%
25 T — 2 DI NToDERA
96 |  HEF—EBLRNEORE
27 5, 655 5, 063 10%
28 6, 505 6, 253 4%
29 7,123 6, 353 11%
30 7, 547 6, 756 10%
31 8, 157 7, 206 12%
32 8, 594 8, 049 6%
33 8,432 8,515 -1%
34 8, 987 8, 700 3%
e 7. 4%
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DL TJE No.1
SMVRIRE BE (Wh) CEmalell
(‘C) FRIEAT | FHEL | R

17 3,247 2,873 11.5%

18 3,626/ 3,012 16.9%

19 3,806/ 3,053 19.8%

20 4,133 3,4300 17.0%

21 4,145 3,493 15.7%

22 4,249 3,832  9.8%

23 4,680 4,190 10.5%

24 4,794/ 4,055 15. 4%

£ LSS 14. 6%
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2.2-25 JAVRERODBNHEEDOEILICET 20ER
(D4t JJE No. 1)

Df:JJE No.2
TR BE (Wh) EEwal:ll
(‘C) FeiERT | FREEL | EER

17 6,186 5,803  6.2%

18 6,349 5,861 7.7%

19 6,562 5,975  8.9%

20 7,119 6,316 11.3%

21 7,126 6,438 9.7%

22 7,358 6,636 9.8%

23 7,543 6,859  9.1%

24 7,858 7,021 10.7%

£ XS 9. 2%
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FHEH 8 H 19 H Sl & 30kg (33%)

(Wh)
12, 000

10, 000 /

6, 000
4,000

2,000
— JEIEH FeIE R

26 27 28 29 30 31 32 33
AR (°C)

HEEOEEICEY 20HHER

(D%t J J& No.3)

D#:JJE No.3
SR SR o
- w/1& (Wh) cEMALE]l
(C) FedERT | FedEfR
26 7,797 7,719 1. 0%
27 8, 444 8, 067 4. 5%
28 8,916 8, 240 7. 6%
29 9, 105 9, 148 -0. 5%
30 9, 346 8, 747 6. 4%
31 10, 056 9, 089 9. 6%
32 10, 400 9, 520 8. 5%
33 10, 533 10, 312 2.1%
EXCB) 4. 9%
2.2-25 JAOVUREZROE
D#JJE No.4
SR .
_— # /& (Wh) V)]
(C) FEIHAT | FedEfR
26 11, 035 10, 136 8. 1%
27 11, 264 10, 851 3. 7%
28 11,072 10, 706 3.3%
29 11, 768 11, 805 -0. 3%
30 12, 166 12,014 1.3%
31 13, 150 12, 126 7. 8%
32 13, 896 12, 581 9. 5%
33 13, 937 13, 161 5. 6%
34 14, 841 13, 752 7. 3%
35 14, 964 13, 682 8. 6%
e ) 5. 5%

2.2-26 JOVFEHOE

JEHEH 8 J 19 H et 40kg (38%)

(Wh)
16, 000

14, 000
12, 000
10, 000
8, 000
6, 000
4,000

2,000
— JELEH] I

26 27 28 29 30 31 32 33 34 35
AMRIREE (C)

HEEOEEICEY 20HER

(D #t J & No.4)
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FEH9H 14 H FotEE 10kg (10%)

(Wh)

14, 000
12, 000
10, 000
8, 000
6, 000
4,000
2,000

O] —
0

25 26 27 28 29 30 31 32 33

SMRURE (C)

HEEOEEICEY 20HHER

(D%t J J& No.4)

DAL JJE No. 4

A= . .

: EE (Wh) C=walill

1R E -

) — — TR

(©) FELEH] T E %
25 10, 180 10, 131 0. 5%
26 10, 397 10, 430 -0. 3%
27 10, 544 10, 678 -1. 3%
28 10, 643 11, 370 —6. 8%
29 10, 972 11,714 -6. 8%
30 11,515 12, 302 -6. 8%
31 12, 570 11, 785 6. 2%
32 12, 091 12, 700 -5. 0%
33 12, 326 13,188 ~7.0%

BRI -3. 0%
2.2-27 O FKEHDE
C#:HJE No.2

P _

i HwE (Wh) G

TR -

) — » il

(C) FeIE R FEE
21 5,983 5,943 0. 7%
22 6, 182 5, 966 3. 5%
23 6,416 6, 253 2. 5%
24 YT — N I TE DRSS
25 6, 733 6, 263 7. 0%
26 6, 907 6, 694 3. 1%
27 7,023 7,091 -1. 0%
28 7,023 7,196

R 2. 6%

& 2.2-28 JO0VFEHOE

FEHH 10 J 3 A FEH&E 5ke (5%)

/

(Wh)
8, 000

7,000
6, 000
5,000
4,000
3,000
2,000

1, 000
— JEIE ] TR

21 22 23 24 25 26 27 28
HARREE (C)

HEEOEEICEY 20HHER

(C#tHJE No.2)
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C#IJE No.2
st EHE e
. i /)& (Wh) )
HIBR

(C) FedEAT | FeEEE
18 5,703 4, 550 20. 2%
19 6, 294 4, 955 21. 3%
20 5, 507 5, 057 8. 2%
21 6, 107 5, 361 12. 2%
22 6, 530 5,432 16. 8%
23 6, 864 6, 255 8. 9%
24 6, 873 6, 682 2. 8%
25 7,422 6, 705 9. 7%
26 7,259 7, 280 -0. 3%
27 8,032 6, 748 16. 0%
28 8, 383 7,757

EX: ) 11. 6%

2.2-29 ZJOVFEHDE

FEH 10 H 3 H FEE 8kg(8%)

(Wh)
9, 000

8,000
7,000
6, 000
5,000
4,000
3,000
2,000
1,000

— ] S

0
18 19 20 21 22 23 24 25 26 27 28

AASURLEE (TC)

HEEOZICET 20iER

(C#t I /& No.2)

CttIJE No.4

P _

i EE (Wh) W)

R s

) — — HIEE

(C) FeIE R FeE L
19 3, 463 3, 020 12. 8%
20 2, 895 3, 054 -5. 5%
21 3, 384 2, 449 27. 6%
22 3, 696 3, 527 4. 6%
23 3, 487 3, 387 2. 9%
24 3, 680 3, 264 11.3%
25 3,751 3, 802 -1. 4%
26 3,793 3, 889 -2. 5%

N 6. 2%

2.2-30 JAVHREZRDE
(C#t 1

FEH 10 H 3 H FHEE 5kg(11%)

(Wh)
4,500

4,000
3,500
3,000
2,500
2,000
1, 500
1,000

500

FEHRH(T

22

FEHR

24 25 26
HRRIRLE (CC)

HEEOZTILICEAT 2 0ER
& No.4)

0

19 20 21 23
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(5) 2O VFEOEFEME (2EF)
WA F s A — T — DRRRICIESE B - BRI FET IC L2 7y REHEL 71
FEIE B DI LI ST 3 BOHEEICOWT, 7 e OBEINFTEHE AT 72,

x 2.2-3 JO0VREOHE (2[EAB)

i &l RHLNO. | BRANZRERE D D FedE A Feta & (kg)
FEHETOT
Ty a AR
AR (CEEE)
Dt JJ5 No. 3 9. 8% 2022/10/19 20
No. 4 17. 8% 2022/10/19 10
CtL 1)K No. 4 46. 1% 2022/10/13 3

(6) ZJAVHKIERIED I T YA ARFEERLEEENE (2HE)

2[EHDO 7 v FEZOWEEROEBL 2 R~T,
Zu L HA2EEOFREIL 10 AHRAND AT TEE L, M - MiEaxli S48
KL TT7a o HWAFHEENEIEREIZ/RD X OBER L REE CRIEZTT->72, 1Bk

NTEMOARIREMELS 72> TE Y B OINKIRE DFERE A K E W

EENLN, T

VHAEFRE LI LWL DT T vy o AIREAR SN E ) B ORI BEE
BN PR R 2R T A N 7ol 7R TAFEDOZ A I 7L ED T,

HETORRMEENLE L b5,
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N0 3 2[EIHFAIEA 20224810 H 19 B (/' Z

TR 20224 10 H5 H~11 H2H)

759y 2 HRRER EHE — %EH
1303 v ¥ H RFEAER (%) No.3 Hfg - ?@i:&ﬁ %ﬁ%gkg\(l)%)
90
%0 3,000
70 2,500
60 2,000
50 ”
40 | 1,500
- LA h 1 H L i n,
10 ~ ' 5 ‘ ‘ l | 500
J"‘ |'ll Wu M"'\uunuhuwu ;

B 2231 DiJE Z#iNo3DTAURBEREDATER

FZHENo.4 2[EIBFIEH 2022 4E 10 A 19 H (VT 7R 2022 410 A 5 H~11 A 2 H)

75 v 2 H RFELETE (%) . kX BB 2 (kWh)
0 No.4 BEREE SR
90 4,000
80 3,500
70 3,000
60
2,500
50
2,000
40
0 1,500
20 ‘ 1,000
N ‘ 500
10 \’ | f | * h\ ,
0 0
2.2-32 D*idf" EN No 40)7D/ﬁL ﬁd)/ﬂ'lm%*%
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FHENo.4 2[RI HFIEH 2022 45 10 A 13 H (/T 7FR#f:2022 49 A 29 H~10 A 27 H)
—T 5y A HRARER

—— &%

=
=2}

FEH

77y a HRREE(%) No.4 SHEBM - 714 R i Eﬁ%{ké’}’)%)
122 1,600
80 \ H \ 1,400
0 e 1,200
60 | 1,000
50 HIY \ 500
40 ’ { ' H “00
" ' i i ‘ 400
. i | ‘ il ‘ I I{U | |’ M ..
p | | | N ‘ 0 :
2-33 C#tIE Z#ENo. 4 D7 OUKERMBOATHKSE
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(7)) ZAVHEICLHEEBEHEZILEOSH (2HE)

D#JJE No.3 FEHEH 10 H 19 H FEHE & 20kg (22%)
A= (Wh)
EE (Wh) E
YJ'IE':L};“F ‘ 9, 000
) — Hil sk
(©) FELEH] T E % 8, 000
17 4, 300 4, 057 5.6% | 7 000
18 4,643 4,170 10. 2%
6, 000
19 4,633 4,107 11. 3%
5
20 5,072 4,434 12. 6% 000
21 4, 601 4,635 -0.7% | 4 000
22 5,515 4,814 12. 7% | 3,000
0
23 5,913 5, 354 9. 5% 5, 000
24 5, 884 5, 065 13. 9%
1, 000
0 — MR —— e
17 18 19 20 21 22 23 24
XA 9. 4% IR (°C)
K 2.2-34 J0OVUREBEBEODENEEEDELICET 2H0MER
(D#tJE No.3)
D#:JJE No.4 FEHEH 10 A 19 H FiEE 10kg (10%)
P - (Wh)
i EE (Wh) &
R 7,000
) — — HilJsE
(©) Fe AR %
6, 000
17 5, 579 5, 291 5. 2%
18 6, 396 6, 040 5.6% | 5,000
19 6, 907 6, 232 9. 8%
4,000
20 7,622 6, 407 15. 9%
21 8, 140 6, 256 23.1% | 3,000
22 8, 331 6, 738 19. 1%
2,000
23 8, 429 7,531 10. 7%
24 8,513 7,244 14.9% | 1,000
e I e— TR R
0
17 18 19 20 21 22 23 24
SVRIREE (CC)
R 13. 0%

HEEOEEICEY 20HHER

B 2.2-35 JRAVHEEZDE
(D#tJFE No.4)
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CA#IJE No.4
SR SR o
— & (Wh) ¥E /T H
RS
C) FEEHAT | e
14 2, 847 2,294 19. 4%
15 2,893 2, 890 0. 1%
16 3,048 2,814 7.7%
17 2, 845 2, 740 3.7%
18 3, 047 3,024 0. 7%
19 2,932 2,879 1. 8%
20 3,036 3,140 3. 4%
21 3,110 3,102 0. 3%
22 3,061 3,214 5. 0%
23 3,175 3,162 0. 4%
24 3,134 3, 299 5. 3%
EXC B -0. 8%

2.2-36 TJOUFEHNE
(C# 1FE No.4)

FEHEH 10 H 13 B FEHEE 3kg (7%)

(Wh)
3, 500

3,000

2,000

1,000

500

— R R

14 15 16 17 18 19 20 21 22 23 24
HMRIREE (CC)

HEEOZICET 20iER
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(8) ZJAOVFHIEICKHHEBNELILDFE LD
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2.2.3 B®ED7OVT—ARIZED L FFEMRET
FHIRRRESE E TS O N T — 2 HER3 D oFHIEIENA 5 ~6 22 Lz Lo
LENLT =X OMiseT D720, BRAMEBA—H—0MEE L TV HIBEOHET — & A
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VI BESEN L W AT o T,

SRR A OB O BRI, 71 VIR WITER 2 R+ O R E B BRI 0 58K - D4R
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B2 EEZHLNDT —F ZIWE L BRI 285t - o &21T o7,
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(1) ZAVRAVEEZFONH

FRRCD 2R E L TV D FERT VNEEDRIER Y o — 7 — AR HEE) 2B\ T,
7 AL LT HMEEOT —Z 2R L. i S7e 97 w225 TEOT
— X Do R FEh LT,

mB. b o) OF—2 LT, M, fEERRoNLZ &b, 22
T Enase L] OF—ZDHPp->Tn 5,

AR5 D VB O B (M sbg ) CERS 1) ) 13 )N 2 kWL BeoR 32kW, A4 19KW,
FYLE 19kW & 72> TEY 5kW ETOZ 7 AT A, 5 ~10kW 225 30~35kW & THHk

LTWa (¥ 2.2-37),
40
30
20
.|
., 1R

0-5kW  5-10kW 10-15kW 15-20kW 20-25kW 25-30kW 30-35kW

X 2.2-37 SEEOBRR CaREiEHN)

(550

T ST/ N S KW, ek 119kW, SRl 39kW, HTHfi 29kW & 72 > T W% (7272 L. 50
FLEE DU B O IEHIZ AR |

Fio. 7 v OYIHFE R (100% FBIHEEOHEFHIE) 135/ 8 kg, K 105kg, FHIfH 64kg,
Hh YLl 65kg T o 72,

I R-404A (53 14) . R-410A (107 f). R-22 (65 1) L7~ T %,

i1 2kW 19KW 19KW 32KW
(225 #)
Wzmam
HERA 8k 39KW 29Kk 119kW

(#9170 #)

R-404A R-4104

miEE 53 107 {4 65 1

R 2.2-38 FRENRLET SAREOHE
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LUREIE 225 FEHE SR OFER Z R~ T,

ATEIFEE 2 H IR O FE E TORRGE B A X 2. 2-39 12”7,
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