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Introduction:
FUKUMITSU Pte., Ltd. deal with SPACON and new Refrigerants for Air-Con system that can
significantly reduce electricity consumption as its main products, and has organized a demonstration test
at -, the first demonstration project in Singapore. The main objective of this investigation is
proofing the product effects upon existing conditions.

SPACON stands for super condenser and is a product that can reduce the amount of electricity used by
approximately 10% by installing it in existing outdoor units. By installing the SPACON, the refrigerant
passing through the SPACON can be cooled by a further 3°C to 5°C, and by reducing the pressure in the
refrigerant pipes, the compressor’s power consumption can be reduced. In addition, the liquefaction of the
refrigerant can be promoted and the cooling capacity can be improved. The above shows that the purpose
of using the SPACON is to reduce electricity consumption, but it was also effective in reducing the high
voltage cut-off outdoor units under severe temperature conditions.

Table 1.1 SPACON Table 1.2 SPACON - Section Table 1.3
Improvement of Liquefaction
The refrigerants dealt by FUKUMITSU have the effect of reducing the pressure in the refrigerant pipes
without reducing the cooling capacity, and the static pressure in the refrigerant pipes can be 15% to 20%
lower than that of refrigerants normally used. This can reduce electricity consumption by more than 10%.

In this demonstration test, refrigerant was installed in Chiller No. 1 and Chiller No. 2 at the -
plant room, and a total of eight (8) LD-type SPACONSs were installed in Chiller No. 2, in order to verify
the power reduction effect of installing SPACONs and refrigerants.
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Table 1.4 SPACON Installation @Chiller No.2

Table 1.5 SPACON - OFF Table 1.6 SPACON - ON

Testing Method
Measure and compare the current values of Chiller No. 1 and Chiller No. 2 before and after the applying

of refrigerant. SPACON is installed in advance and bridged piping is provided with a valve so that the use
of SPACON can be switched when piping refrigerant.

Table 2.1 Bridge Piping Table 2.2 Setting Status for Intake Temperature Logger
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In order to understand the various conditions during compressor operation, the intake air temperature of
the outdoor unit and the temperature of the chilled water supply and return from the chiller are measured,
and from the data measured over a certain period, the intake air temperature and the temperature
difference between the chilled water supply and return, which affect the compressor's electricity
consumption, are extracted under almost identical conditions. And the current data shall be extracted and
compared under the above conditions.
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Table 2.3 Setting Status for Cooling Water Temperature Logger

PO/
3. Testing Equipment:
Electrical Logger - KYORITSU KEW LOGGER 5020
Logger Clump Sensor — KEW 8122
Table 3.1 Current Logger Table 3.2 Logger Clump
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Temperature Logger - KN Laboratories, Inc.

Table 3.3 Temp. Logger Table 3.4 Temp. Logger Table 3.5 Logger Reader

4. Demonstration Schedule

All the demonstration was carefully decided and adjusted NOT to affect the tenant operation as follows;
1. Installed SPACON on
Connecting SPACON refrigerant pipes to Chiller No.2 on _

- Basic Data of existing conditions

2

3.

4. Refrigerant replacement of Chiller No.1 and No.2 on _
5 _ - Measuring the effectiveness of refrigerant gas

6 - Measuring the effectiveness of Hybrid System (SPACON + Refrigerant)

5. Investigation
5.1 Basic conditions for verification
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The compressor availability (power consumption) depends on the following conditions
1. Intake air temperature to the outdoor unit
2. Heat Load at required indoor cooling conditions
3. Pressure in the refrigerant pipes

We understand that the exact reduction amount of consumption for electricity by Refrigerant and
SPACON is difficult unless otherwise tested in a constant-temperature room, therefore it is necessary to
consider situations that come as close as possible to the above conditions and to conduct verification in
accordance with actual operations.

Firstly, the intake air temperature to the outdoor unit is affecting the performance of the compressor. For
accurate comparisons purpose, closer intake air temperatures are necessary.

However, if the intake air temperatures are not the same, the Air-Con. manufacturers provide adjusted
values for electricity consumption by intake air temperature compensation so that we can compensate
for the consumption as per existing temperature. Table 5.1.1 is showing the compensation value
provided by Carrier Singapore for this Chiller Model. If the intake air would be different 1 degree from
the others, the electricity consumption for the compressor will be 1.82% difference according to Table
5.1.1.

Secondly, the heat load under required indoor conditions is also affecting the power consumption. If the
heat load is higher than the others, the operating rate of the compressor will increase by that much.
Thus, the operating conditions of the compressor vary depending on the amount of heat load in the
room and affecting the measured current value. Since the return chilled water temperature is expected to
reflect the indoor heat load conditions, the return chilled water temperature shall be used to adjust the
current value to reflect the heat load in the room as similar as we can.

The current value is adjusted by the following.

1. Adjust the current value measured every 5 minutes using the compensation value by the
temperature at the time of measurement.

2. The current value per unit of chilled water temperature (A/°C) is calculated by dividing the above
adjusted current value by the return chilled water temperature that is thought to reflect the indoor
heat source.

3. Compare the current value per unit of chilled water temperature to confirm the effect of reduced
electricity consumption.
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Table 5.1.1 Cooling Capacity compensation value provided by Carrier

Outside air temperature °C
25 30 35 40 45

Model LWT | CAP COMP FLOW| CAP COMP FLOW | CAP | COMH FLOW | CAP COMP FLOW | CAP COMP FLOW

°C kW kw Ils | kW kW Ils | KW | KW | s | kW kW Is | kW kW IIs
039S 5 409 107 20 [392 M6 19 |374 | 128| 18 [351 140 17 | 325 156 1.6
060S 5 628 164 30 [599 181 29 |559 | 201| 27 |[512 222 24 | 463 247 22
080S 5 864 234 41 |807 254 39 | 756 | 270 36 |700 305 33 |640 334 31
1008 5 |[1071 278 51 [101.6 304 49 | 953 | 333| 45 |82 366 42 |804 400 38
1208 5 1256 343 60 1189 368 57 |111.8| 396| 53 (1042 427 50 | 954 467 46
160S 5 |167.3 452 80 (1582 49.0 76 |1483| 531| 7.1 1376 578 66 |1259 631 6.0
039S 6 421 108 20 |[404 M7 19 |385( 129| 18 [361 142 17 |335 157 16
060S 6 650 165 3.1 [621 183 30 | 578 | 203| 28 |531 224 25 | 480 248 23
080S 6 879 236 42 [831 256 40 (778 27.3| 37 |721 307 34 | 660 336 31
1008 6 | 1102 282 53 |1046 308 50 | 980 | 337| 47 [908 370 43 | 828 404 40
1208 6 1290 351 62 (1222 377 58 |1149| 404| 55 (1070 436 51 | 984 470 47
160S 6 | 1726 459 82 (1632 497 78 |1530| 539| 7.3 [1419 586 68 |1299 639 6.2
0398 7 433 109 21 [#15 18 20 /397 130 19 | 371 143 18 | 344 159 16
060S 7 672 166 32 |[642 184 31 | 598 | 204| 29 | 550 225 26 |497 250 24
080s 7 905 238 43 [856 259 41 ||799 | 275 38 | 743 309 35 |678 338 32
1008 7 | 1135 286 54 (1077 312 51 ||1009| 344| 48 |[934 375 45 | 852 409 41
1208 7 1326 358 63 (1265 385 6.0 ||1180| 41.7| 56 |[1098 445 52 [101.0 478 48
160S 7 | 1781 467 85 (1684 505 80 ||1579| 548 7.5 |[1465 595 7.0 |1341 647 64
039S 8 45 11 21 [427 120 20 | 407 132 19 [382 145 18 |354 161 17
060S 8 | 694 168 33 |[664 186 32 619 206 30 |569 227 27 |515 261 25
080S 8 | 932 241 45 |80 261 42 824 278 39 |765 312 37 |698 342 33
1008 8 | 1168 290 56 (1107 317 53 |1037 347 50 (961 380 46 |876 414 42
1208 8 |[1364 362 65 (1288 393 6.2 (1210 423 58 |1126 455 54 |103.6 488 49
160S 8 |1836 475 88 [1735 513 83 |1628 556 78 |15611 604 72 |1384 655 6.6
039S 10 | 469 113 22 |451 123 22 (430 135 21 |403 148 19 |373 164 18
060S 10 | 740 171 35 |707 188 34 |661 209 32 (609 230 29 |553 255 26
080S 10 | 986 246 47 |932 266 45 |84 283 42 (810 317 39 | 740 346 35
100S 10 1235 299 59 1170 326 56 |1095 356 52 (1014 389 48 | 924 424 44
1208 10 | 1439 371 69 [136.0 402 65 (1275 437 61 1184 474 57 |1087 507 52
160S 10 | 1951 485 93 [1844 528 88 |1729 574 83 1606 622 7.7 |147.2 674 7.0

Legend: Application data:

LWT  leaving water temperature Standard units, refrigerant: HFC-410A
CAP  cooling capacity Evaporator temperature rise: 5°C
COMP  compressor power input Fouling factor: 0.018 m*KIkW

FLOW  water flow

In this verification, we shall guess, choose and compare a similar intake air temperature date as well as
similar conditions of heat load date in the room in accordance with the above reasons from the Chiller
Operation Conditions in accordance with Sub-Clause 5.2.

The verification is considered only tenant operating hours to reflect the actual reduction of consumption
of electricity which particularly affects compressor operation, and excluded the 1 hour after opening and
before closing (10:30-11:30, 18:30-19:30) as changes in indoor heat load from opening to closing are
likely to be particularly significant.

5.2 Chiller conditions for comparison
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In this investigation under conditions of Clause 4, we verified 3 different cases of the Chiller Operation
Conditions as below.

A. Basic Data - Existing Conditions : No-SPACON with R410A (Conditions A)
B. Proposal 1 - No-SPACON with proposed Refrigerant (Conditions B)
C. Proposal 2 - SPACON with proposed Refrigerant - Hybrid System (Conditions C)

We verified the power consumption ratio of the proposed Conditions B and C against the power
consumption in work Condition A. The dates of obtaining verification data corresponding to each
operation condition will be as follows.

Conditions A :
Conditions B :
Conditions C :

Since Table 5.1.1 is based on the assumption that the intake air temperature is set normally 35°C and the
chilled water temperature setting is 7°C, -, when the intake air temperature is close to 35°C, is
set as the reference date for the current verification for Conditions A.

Considering the heat load inside the room, the weekday of _ would be compared with the
other weekday, and a similar day as a reference date is preferred too. Thus, the Conditions B and C shall
be

In view of the foregoing, we compare the electricity consumption status on - (Conditions A)

with - (Conditions B) and - (Conditions C) in this verification.

5.3 Verification
Table 5.3.1 shows the actual current measurements and Table 5.3.2 shows the adjusted current values
based on Table 5.1.1.
Fig. 5.3.1 shows the temperature variation on the day of measurement, and Fig. 5.3.2 shows the
relationship between the current values before and after adjustment.
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Table 5.3.1 Actual Current Measurement

CHI1 CH2 CHI CH2 CHI CH2

Current Temp. Current Temp. Current Temp. Current Temp. Current Temp. Current Temp.
11:30:26 118.4 A 33.0°C 85.6 A 33s5°C 86.6 A| 400°C] 1109A 353°C 91.2A] 353°C  1123A] 368°C
11:35:26)  1179A EER 858 A 343°C| 1157A] 40.0°C 1116 A 350°C 913A| 360°C  1131A] 37.0°C

11:40:26 117.6 A 33.5°C 85.4 A 335°C 89.0A| 40.0°C 1124A| 350°C 914 A 355°C 1133 A 368°C
11:45:26 1178 A 333 85.6 A 34.0°C 606 A 40.0°C 1121 A] 355°C 92.0A  368°C 1135A]  360°C

11:50:26 117.7 A 335°C 857 A 338°C 60.7A| 395°C 1121 A] 350°C 926 A 368°C  113.8A| 365°C

11:55:26 90.4 A 335°C 85.9 A 33s5°C 606 A 395°C  112.0A] 358°C 926 A 37.0°C 1131 A] 363°C
12:00:26 90.1 A 33.0°C 86.0 A 34.0°C 61.6A  395°C 1123A 36.0°C 922A 37.0°C  1132A| 363°C
12:05:26) 118.6 A 325°C 8535 A 34.0°C 61.2A 400°C  1129A] 355°C 92.0A 37.0°C 1144 A| 370°C

12:10:26 118.8 A 325°C 86.3 A 34.3°C 613A] 395°C  1125A] 36.0°C 93.2A 373°C 1147 A|  378°C
12:15:26 1185 A 328°C 86.0 A 343°C 614 A 395°C 1128 A 358°C 932 A 380°C 1146 A|  373°C

12:20:26 118.9 A 328°C 85.9A 343°C 6l.6A  395°C  1140A] 353°C 93.7A 375°C  1143A] 38.0°C

12:25:26 1185 A 330°C 85.9A 34.0°C 61.5A 395°C  1135A] 350°C 93.0A| 373°C 1151 A 383°C
12:30:26 118.2 A 3z3‘cC 859 A 3z3°C 61.7A 400°C 1131 A 358°C 932A 38.0°C 1141 A| 383°C
12:35:26) 905 A 33o°C 86.3 A 33s5°C 61.2A 400°C 1125A] 360°C 929A 37.0°C  1144A| 383°C

12:40:26 90.9 A 32.8°C 86.5 A 34.0°C 623 A 40.0°C 1133A| 36.0°C 92.0A 378°C 1147 A|  383°C
12:45:26 118.5 A jzoc°c 86.1 A 34.0°C 61.5A]  40.0°C  1129A] 355°C 93.8 A 383°C 1149 A| 383°C

12:50:26 1183 A 328°C 86.4 A 43°C 61L.7A 395°C  1139A] 355°C 92.8A 375°C  1143A| 388°C

12:55:26 1185 A 330°C 86.1 A 34.0°C 61.9A 400°C 1134A] 360°C 934 A 378°C 1147A] 385°C
13:00:26 77T A 3zo°c 858 A EERIS 620A 400°C  1142A] 355°C 933A 385°C  1147A| 388°C
13:05:26 118.1 A 33.0°C 86.0 A 333°C 622A] 40.0°C 1137A| 355°C 93.0A] 383°C 1154A| 393°C

13:10:26 1183 A 33.0°C 86.2 A 33.8°C 624 A  40.0°C  1139A| 353°C 93.7A] 38.0°C 1155A| 393°C
13:15:26 118.7 A 333°C 859 A 34.3°C 61.8A|  40.0°C  1129A] 353°C 937A 385°C  1153A| 39.0°C

13:20:26 1185 A 333°C 86.2 A 43°C 620A 395°C  1139A] 353°C 939A 385°C  1153A] 39.0°C

13:25:26 118.5 A 33.3°C 86.4 A 4s-°C 619A| 395°C 1133A| 350°C 93.1 A 3B5°C 1152 A 388°C
13:30:26 119.1 A 333 86.5 A 343°C 622A| 395°C 1131 A 353°C 93.6 A 388°C 1156 A 393°C
13:35:26 119.1 A 335°C 86.9 A 34.8°C 62.0A| 395°C 1138A| 355°C 929A] 383°C  1154A| 395°C

13:40:26 119.1 A 338°C 86.7 A 34.3°C 61.8A 395°C  113.8A] 355°C 93.5A 385°C 1150 A] 395°C
13:45:26 118.6 A 34.0°C 87.1 A 345°C 61.2A 395°C  1132A] 350°C 933A 388°C  1153A| 398°C

13:50:26 119.1 A 335°C 86.7 A 34.5°C 6L6A| 395°C  1132A| 353°C 93.9A] 395°C  1148A| 395°C

13:55:26 118.9 A 335°C 86.2 A RS 62.0A| 395°C 1133A| 348°C 93.0A 393°C 1151 A| 395°C
14:00:26 118.4 A 338°C 86.4 A 38°C 62.0A| 395°C  1132A] 350°C 929A 390°C  1159A] 393°C
14:05:26) 119.1 A 338°C 86.6 A 345°C 61.7A 395°C  1134A] 348°C 943A 395°C 1161 A| 398°C

14:10:26 118.7 A 335°C 86.6 A 35.0°C 61.3A 390°C 1134A] 348°C 944 A  408°C  1150A] 39.0°C
14:15:26 118.5 A 343°C 859 A 34.3°C 6l.0A| 395°C 1129A] 350°C 934 A 400°C  1150A] 395°C

14:20:26 118.8 A 34.3°C 86.1 A 34.5°C 6L5A| 395°C 1129A| 350°C 929A| 383°C 1152A| 39.0°C

14:25:26 119.5 A 34.0°C 86.2 A 353°C GI8A| 395°C 1128A| 353°C 93.4 A  395°C 1155A] 398°C

19:30:26) 90.6 A 320°C 57.1 A 33o0°C 624A 39.0°C  1134A] 340°C 898 A 355°C 834 A 360°C

19:35:26 89.4 A 320°C 84.6 A 325°C 61.6 A 385°C 113.1A] 340°C 89.2A 350°C 1109A] 36.0°C
19:40:26 89.7 A 3ls°C 84.3 A 325°C 618 Al 385°C 1134 A 343°C 89.7A| 353°C  111.OA| 36.0°C

19:45:26 118.8 A 31.8°C 84.0 A 328 °C 61L.7A| 39.0°C 113.0A| 343°C 89.7A| 355°C 111.0A| 358°C

19:50:26 118.9 A 323°C 85.0 A 32.8°C 620A 385°C 111.9A] 343°C 89.8A 355°C 833 A| 358°C
19:55:26 119.9 A 32.5°C 575 A 3o C 622A] 385°C  1132A 343°C 904A  353°C 1109A| 355°C
20:00:26 118.6 A 330°C 845 A 328°C 61.2A 385°C 1131 A 343°C 894 A 355°C 1114A] 358°C

20:05:26 118.6 A 325°C 84.9 A 328 °C 611 A 385°C 113.6 A] 343°C 903 A 358°C 1114 A 355°C
20:10:26) 90.3 A 328 °C 84.9 A 328°C 619A| 385°C  1133A] 340°C 90.5 A 36.0°C 111.6A| 355°C

20:15:26 90.9 A 323°C 853 A 328°C 61L.7A 385°C 1131 A 343°C 903A 355°C  1115A] 363°C

~20:20:26 90.9 A 320°C 85.1 A 325°C 61.9A 385°C  1134A] 340°C 89.7A|  355°C  111.7A] 363°C
20:25:26 117.6 A 323°C 84.5 A 328°C 620A| 375°C 1126 A 345°C 89.7A| 348°C 112.0A| 355°C
20:30:26 1174 A 320°C 84.1 A 328°C 61.8A 37.0°C 1129A] 345°C 904 A 353°C 840A| 363°C

20:35:26 116.9 A 32.0°C 84.5 A 33.0°C 62.0A| 365°C 1133A| 338°C 90.5A 355°C 113.8A| 363°C
20:40:26 173 A j23°C 845 A 328°C 62.1 A 365°C  1137A] 340°C 90.5A 350°C 111.9A] 358°C

20:45:26 1175 A 320°C 842 A 3zo-c 623A 365°C  1132A] 340°C 91.0A 350°C 1115A] 36.0°C

20:50:26 118.4 A 320°C 843 A 328°C 623A] 360°C 113.0A] 340°C 90.6 A 353°C  11l6A] 363°C
20:55:26 117.4 A 328°C 84.5 A EEXINS 61.1A 360°C 113.1A 340°C 89.6 A| 355°C 110.8A| 363°C
21:00:26 118.1 A 320°C 845 A 33o°C 616 A 360°C 111.BA| 340°C 898 A 36.0°C 83.0A| 363°C

21:05:26 119.3 A 32.0°C 84.6 A 325°C 61.7TA| 36.0°C 1123A| 340°C 894 A 353°C 1113A| 363°C
21:10:26 118.8 A 325°C 84.9 A 325°C 61.6A  36.0°C 111.7A] 335°C 90.2A 355°C 1115 A| 36.0°C

21:15:26 91.1 A 328°C 84.8 A zo-c 62.0A 360°C 1128A] 338°C 90.0A 350°C  1108A| 363°C

21:20:26 911 A 34.0°C 113.7A 335°C 6IL8A| 355°C 111.9A| 338°C 90.0A 358°C 1116 A 365°C

21:2526]  1179A  330°C 848A  330°C| e18A| 355°C 1125A] 338°C| 905A] 355°C] 1116A] 365°C
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Table 5.3.2 Adjusted Current Value

Compensation - - _:

Value CHI CH2 CHI CH2 CHI CH2
0.0182] Current Temp. Current Temp. Current Temp. Current Temp. Current Temp. Current Temp.
11:30:26) 1184 A|  33.0°C 856A 335°C 75.5A 40.0°C| 1074A] 353°C B75A| 353°C  1057TA  368°C
11:35:26] 1179A| 333°C 85.8A 343°C| 1015A] 400°C| 110.1A] 350°C 86.7A| 360°C 1074A 37.0°C
11:40:26) 1176 A| 335°C 854A 335°C 78.5A 400°C| 1093A] 350°C B8BOA| 355°C 1066 A 36.8°C

11:45:26) 1178 A| 333°C 856 A 340°C 53.2A 400°C] 1090A| 355°C 86.1 A 368°C  1093A 36.0°C
11:50:26)  117.7A| 335°C 85.7A 338°C 540A 395°C] 1095A| 350°C 87.1A| 368°C 108.1A| 365°C
11:55:26 904 A 335°C 859A 335°C 539A 395°C| 1074A] 358°C 86.7A| 37.0°C  1074A 363°C
12:00:26 90.1 A|  33.0°C 86.0A 340°C 543A| 395°C| 1082A| 36.0°C 855A 37.0°C  1086A 363°C
12:05:26) 1186 A| 325°C 855A 340°C 528A] 400°C| 1098A| 355°C 84.5A 37.0°C 1082A| 37.0°C

12:10:26) 1188 A| 325°C 86.3A 343°C 53.5A] 395°C| 1089A| 36.0°C 85.1A 373°C 1074A 378°C
12:15:26) 118.5A| 328°C 86.0A 343°C 53.8A| 395°C| 1097A| 358°C 842A 38.0°C 1083A 373°C
12:20:26) 1189A| 328°C 859A 343°C 540A] 395°C] 1119A] 353°C 856 A 375°C  106.5A 38.0°C

12:25:26] 1185 A| 33.0°C 85.9A 340°C 542A 395°C| 1114A| 350°C B5.8A| 373°C 106.2A| 383°C
12:30:26) 1182 A 33.3°C 859A| 333°C S4.1 A 400°C| 108.0A| 358°C 851 A 38.0°C  103.7TA 383°C
12:35:26 905 A 33.0°C 863 A 335°C 534A 400°C| 1073A] 36.0°C 86.1 A| 37.0°C  1045A 383°C
12:40:26 909 A 328°C 86.5A 340°C 540A 400°C| 1091 A 36.0°C B3.6 A 378°C 1058A 383°C
12:45:26) 1185 A 33.0°C 86.1 A|  340°C 53.7A 400°C| 1098A| 355°C 848 A 383°C  106.0A 383°C
12:50:26] 1183 A| 328°C 86.4 A 343°C S41A 395°C] 1I113A| 355°C 848A 375°C 1049A] 388°C
12:55:26) 1185A| 33.0°C 86.1 A| 34.0°C 540A 400°C| 1092A| 36.0°C 853A| 378°C 1053A| 385°C
13:00:26|  117.7A]  33.0°C 858 A 335°C S41A| 400°C| 110.0A| 355°C 84.0A 385°C  103.7TA 388°C

13:05:26] 1181 A| 33.0°C 86.0 A 333°C 543A 400°C| 109.0A| 355°C 84.1A 383°C 1028A 393°C
13:10:26) 1183 A| 33.0°C 86.2A 338°C 544 A 400°C] 1107A| 353°C B5.1A 38.0°C 1039A 393°C

13:15:26) 1187 A| 333°C 859A 343°C 54.2A  400°C] 1108A| 353°C 84.7A 385°C  1053A 39.0°C
13:20:26] 1185A| 333°C 86.2A 343°C 549A 395°C| 1118A| 353°C 84.9A| 385°C 1053A 390°C
13:25:26) 1185A| 333°C 86.4 Al 345°C S48A 395°C| 1123A| 350°C B4.2A| 385°C 106.3A 388°C
13:30:26)  119.1 A|  33.3°C 86.5A 343°C 55.1A| 395°C| 11LOA| 353°C 842A 388°C  105.1A 393°C
13:35:26)  119.1 A 335°C 86.9A 348°C 552A) 395°C| 1122A] 355°C 84.9A 383°C 1054A 395°C
13:40:26)  119.1 A| 33.8°C 86.7A 343°C 553A 395°C| 111.2A] 355°C 854 A 385°C 1041A 395°C
13:45:26| 1186 A| 34.0°C ST.1A| 345°C 55.0A| 395°C| 1122A| 350°C 852 A 388°C  1042A 398°C
13:50:26) 1191 A| 335°C 86.7A 345°C 548A 395°C] 1l1l6A| 353°C 83.6 A 395°C 1044A 395°C

13:55:26] 1189 A| 335°C 86.2A 333°C 552A 395°C| 1102A| 348°C 83.3A| 393°C 102.0A| 395°C
14:00:26) 1184 A]  338°C 864 A 338°C S55A 395°C| 1106 A 350°C 840A 39.0°C  1043A 393°C
14:05:26) 1191 A 338°C 86.0 A] 345°C 552A 395°C] 1129A| 348°C 844 A 395°C 105.0A 398°C

14:10:26) 1187 A| 335°C 86.6 A] 35.0°C 551A 390°C| 1139A] 348°C BlL.OA| 408°C 1066 A 39.0°C
14:15:26) 1185 A| 343°C 859A| 343°C S52A 395°C| 1114A] 350°C 836A 400°C  1040A 395°C
14:20:26] 1188 A| 343°C 86.1 A] 345°C 556A 395°C] 1119A| 350°C 86.1 A 383°C 1058A 39.0°C
14:25:26) 1195 A 34.0°C 86.2A 353°C 556A 395°C| 1128A] 353°C 840A| 395°C  106.0A 398°C

19:30:26 920.6 A| 32.0°C 57.1A| 33.0°C 545A) 39.0°C| 1113A] 340°C 84.0A| 355°C 78.8A 36.0°C
19:35:26 894 A 32.0°C 846A 325°C 543A) 385°C| 1100A] 340°C 843 A 350°C 103.8A 36.0°C
19:40:26 89.7A| 315°C 843A| 325°C 53.9A| 385°C| 1097A| 343°C 836A 353°C  1039A 36.0°C
19:45:26] 1188A| 31.8°C 840A 328°C 53.6A  39.0°C| 1099A] 343°C 835A| 355°C 149A) 358°C
19:50:26) 1189 A| 323°C 850A 328°C 549A 385°C| 108.8A| 343°C 844 A 355°C 78.8A| 358°C
19:55:26) 1199 A| 325°C STSA| 33.0°C 554 A 385°C| 1106A| 343°C 858 A 353°C  1059A] 355°C
20:00:26] 1186 A| 33.0°C 845A 328°C 550A 385°C| 1100A] 343°C 853 A 355°C 1053A) 358°C
20:05:26] 1186 A| 325°C 849A 328°C 544A 385°C| 1105A] 343°C 850A| 358°C 1058A 355°C
20:10:26 903A 328°C 849 A 328°C 554 A 385°C| 1107A| 340°C 85.1A 36.0°C  106.0A 355°C
20:15:26 90.9A| 323°C 853A 328°C 547 A 385°C| 110.0A] 343°C 850A| 355°C 1044A 363°C
20:20:26 90.9A| 32.0°C 85.1A 325°C 546 A 385°C| 1103A] 340°C B40A| 355°C  1041A 363°C
20:25:26)] 1176 A| 323°C 845A 328°C S6.1A 375°C] 1090A] 345°C 856 A 348°C  1063A 355°C
20:30:26) 1174 A 32.0°C 84.1 A 328°C 56.1 A 37.0°C| 1093 A 345°C 850A| 353°C 78.6 A|  363°C
20:35:26) 1169 A| 32.0°C 845A 330°C 569A 365°C| 111.8A] 338°C 847A| 355°C 107.1A] 363°C
20:40:26) 1173 A 323°C 845A 328°C 573A| 365°C| 11L1A| 340°C 86.0A|  350°C  1058A 358°C
20:45:26)  1175A] 320°C 842A 330°C 572A 365°C| 1IL1A] 340°C 86.0A| 350°C 1054A 360°C
20:50:26) 1184 A 32.0°C 843A 328°C 577A 360°C| 1104A] 340°C B52A| 353°C  1045A 363°C
20:55:26] 1174 A 328°C 845A 330°C ST5A| 360°C| 111.0A| 340°C 851 A 355°C  1042A 363°C
21:00:26] 118.1A| 320°C 845A 330°C 57.1A 360°C| 1098A] 340°C 833A 36.0°C 78.1 A 363°C
21:05:26) 1193 A 320°C 846A 325°C 57.2A) 360°C| 1092A] 340°C 841A| 353°C 103.TA 363°C
21:10:26) 1188 A| 325°C 849 A 325°C 576 A 360°C| 1097A| 335°C 853 A 355°C  1044A 360°C
21:15:26 91.1 A| 328°C 848A 330°C S83A 360°C| 1112A] 338°C 86.3A| 350°C 1042A 363°C
21:20:26 91.1 A 340°C 1137A 335°C 60.1 A 355°C| 1114A] 338°C B7.1A| 358°C 1055A 365°C
21:25:26)  1179A| 33.0°C 848 A 330°C 59.0A| 355°C| 111.0A| 338°C 86.3A 355°C 1044 A 365°C
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With reference to variation of intake air temperature- - Conditions A (hereafter referred to

“A”) is the lowest on both Chillers. However, the appearance of the variation of current values @Chiller
No. 1 has lower current values on - - Conditions B (hereafter referred to “B”) and - -
Conditions C (hereafter referred to “C”’) compared to A. It can not only be considered because of the
affected of the Refrigerant as well as SPACON but the efficiency of the heat load inside of the room.

The chiller intake air temperature at B indicates a special condition. This probably can assume that it is
a Monday and there are few people in the building, and the cold air from 1F is flowing into 2F.

Chiller control also presents a different aspect. In A, the compressor of chiller No. 1 is controlled at
almost 100% operating state while No. 2 is controlled at 75% operating state, but when Refrigerant or
SPACON is used, the compressor of chiller No. 2 is controlled at 100% operating state and the
compressor of No. 1 is controlled at 50% and 75% operating state, respectively.

Despite the fact that the temperature is in a high range of the day, the operating status of Chiller No. 2 is
controlled during the tenants' lunch break time, and it can be recognized that the indoor heat load is
greatly affecting the compressor operation.

The above situation requires consideration of the effect of indoor heat load. Assuming that indoor FCUs
and AHUs are operating normally, the current value per unit return chilled water temperature that
reflects the indoor heat source situation is calculated and showed Table 5.3.3 and Fig. 5.3.3.
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Table 5.3.3 Current (A) — Returned Chilled Water (°C)

CHI CH2 CHI CH2 CHI CH2
Current | C.Temp. APC Current | C.Temp. ArC Current | C.Temp. ArC Current | C.Temp ArC Current  C.Temp. ArC Current  C.Temp. ASC
11:30:26) 1184 A 125°C 9.5 AF°C B5.6 A 120°C 7.1 AF°C| T35 A 13.0°C, S8ASC 1074 A 140°C 7.7 APC B15A 140°C 62 APC 1057 A 135°C 78 AF°C|
11:35:26) 1179 A “C| B35 A 125°C 69AMC[ 1013 A 13.0°C 78AMC 1101 A 135°C 8.2AMC 86T A 14.0°C 62AFC 1074 A 135°C 8.0 AF°C|
11:40:26] 1176 A B54A 125°C 68AMC|  TESA 13.0°C, 60AFC| 1093A 135°C| 8.1AFC 880A 140°C 63AFC  1066A  135°C 79 AFC
11:45:26] 1178 A B5.6 A 125°C| 68 ASF 532 A 13.0°C 41 A°C 109.0 A 135°C 8.1 A°C 86.1 A 140°C 61 ASC 1093 A 135°C 8.1 AFC|
177 A 857A  125°C 69AMC|  S540A] 130°C 42AFC| 1095A  135°C| 8.1A°C 87.1A  145°C 60AFC  1081A 135°C BOAFC
90.4 A B350 A 6.9 AS°C 530 A 13.0°C, 41A/°C 1074 A 140°C 7.7 APC 867 A 145°C 60APC 1074 A 135°C 8.0 A/iC|
90.1 A 86.0 A 6.9 A/°C 543 A 13.0°C, 42AFC 1082A  140°C 77A°C 855 A 145°C 59 A°C 1086 A 135°C 8.0 AFC
1186 A B5.5A] 6.8 APC 528A  13.0°C| 1098A 140°C 7.8 AFC B45A 145°C S5BASC 1082 A 13.5°C| 8.0 A/FC|
LIE8 A 863 A 6.9 AF°C 535 A 130°C 108.9 A 140°C 78 AFC 851 A 145°C 59 A°C 1074 A 135°C| 8.0 A/°C|
1185 A B6.0 A 6.9 ASC 538 A 13.0°C 109.7 A 140°C 7.8 AFC B42 A 145°C 58AFC 1083 A 13.5°C 8.0 AF°C
1189 A 859 A 6.9 APC 540 A 13.0°C 1M1L.9A 140°C 8.0 APC 856 A 145°C 59A°C 1065 A 135°C 7.9 AFC|
1185 A B5.9 A 6.6 AS°C 542 A 13.0°C 1ML4A 140°C 8.0 APC 858 A 145°C 59 A°C 1062 A 13.5°C 7.9 AFC
1182 A 859 A 6.9 Af°C 540 A 13.0°C 108.0 A 140°C 77 A°C 851 A 145°C 59 A°C 1037 A 135°C 7.7 AFC|
905 A 86.3 A 69AFC|  534A 135°C 10734 140°C 1.7 AFC 86.1 A S9AFC IMSA 135°C 7.7 AFC
90.9 A B6.5 A 6.9 AFFC 540 A 13.0°C 109.1 A 140°C 7.8 AFC BI6A SBAFC 1058 A 140°C 7.6 AF°C
LI8S A 86.1 A 6.6 A/°C| 537A 130°C 1098 A  140°C TBAFC B48 A 58AFC  1060A  135°C 7.9 AC|
1183 A 864 A 6.6 AS°C 13.5°C 1ML3A 145°C 7.7 APC 848 A S58APC 14O A 140°C 7.5 AFC
LIS A] B6.1 A 6.6 AC 13.5°C 10924 140°C) 7.8 AFC B53A S9AFC 1053 A 14.0°C 7.5 AfF°C
17T A BS.E A 6.6 ASPC 13.5°C 110.0A 140°C 79 AF°C B40DA 56 A°C 1037 A 140°C 7.4 A°C
1181 A B6.0 A 6.6 A/C 135°C 109.00 A 14.0°C 78 AI°C 841 A S58AFC 1028 A
1183 A B6.2 A 6.6 AS°C 13.0°C 110.7 A 140°C 79 A°C B5.1A 59ARC 1039 A
1IB7 A . 859 A 6.6 AS°C 13.0°C 110.8 A 140°C 79 A°C B47 A 58AFPC 1053 A
1185 A 9.5 AFC| 86.2 A 6.6 A/SC 13.0°C 1MLEA 140°C 8.0 APC 849 A S5TAPC 1053 A
1185 A| 9.5 AFC BA.4 A 6.6 AC 13.0°C 1123A  140°C, 8.0 AC B42A S58APC 1063 A
119.1 A 9.5 AFC B6.5 A 6.7 AF°C 13.0°C 1LOA 140°C 7.9 AFC B42A 56 APC 1051 A
119.1 A 9.5 AFFC| B6H.9 A 6.7 A°C 13.0 °C 1122 A 135°C 83 A°C 849 A 59 AFC 1054 A
L19.1 A 95 APC 86.7 A 6.4 AF°C 13.0°C 1ML2ZA 140°C 79 A°C 854 A S5TAPC 141 A
1186 A 9.1 Af°C B7.1 A 6.4 ASFC 13.0°C 1122 A “ B52A STARC 142 A
119.1 A 9.5 AFFC 86.7 A 6.4 AF°C| 13.0°C 1ML6A 836A SBAFC 1MAA
1IE9 A 9.1 AFC B6.2 A 6.4 AFPC 13.0°C 1102 A BI3A STARC 1020A
1184 A 9.1 AFC|  BEAA 6.6 A°C| 13.0°C 110.6 A B40A SBAPC 1M3A
1191 A 92 AFC B6.6 A 6.7 AS°C 13.0°C 1129 A 84A 56A°C  1050A 140°C 7.5 AFFC
LIBT A 9.1 AFC B6.6 A 6.4 AFPC 13.0°C 139A 819 A STARC 1066 A 140°C 7.6 AF°C
1IBS A 9.1 AsFC 859 A 6.4 ASFC 13.0°C 114 A RI6HA 56AFC 140 A 140°C 7.4 AFFC|
1188 A 9.1 AFC 86.1 A 6.6 AS°C 13.0°C 1ML9A 3 860 A 59 A°C 1058 A 140°C 7.6 AFC
1195 A 9.2AFC|  BAZA 6.6 AF°C| 13.0 °C 128A  140°C 8.1 AFC B40A 56AFC 1060A 140°C 7.6 AFC|
1189 A 9.1 AFC B6.1 A 6.4 AFPC 13.0°C 110.9 A 140°C 7.9 AFC B50A S5TAFC 1024 A 140°C 7.3 A°C|
14:35:26] 1189 A 9.1 AFFC| B6.3 A 6.4 A/C 13.0°C 1104 A 140°C 79 A°C 863 A SBARC 1040 A 140°C 7.4 AFC
14:40:26) 1192 A 92AFC|  BLIA 6.5 A°C| 125°C 122A 135°C 83AFC 834 A 56AFC  1068A  140°C 7.6 AFC|
1IB8 A 9.5 APC 86.6 A 6.7 AS°C 12.5°C 1147 A 13.0°C 8B ASC RI3A 5TAPC 1085 A 140°C 7.7 AF°C|
1184 A 9.1 AFC 86.0 A 6.9 ASC 125°C 1M1L9A 130°C 8.6 AFPC 832 A S5TAPC 1061 A 14.0°C 7.6 AFC
1183 A 9.1 AFFC| R5.8A T2 AMC 12.5 °C| 1103A 135°C| 8.2AC B2 A 5TARC 1040 A 140°C 7.4 AF°C
90.6 A T2ARC| 5701 A 13.5 °C 13 A 140°C 7.9 Ar°C B40A 13.0°C 6.5 AFC TE8 A 6.3 AF°C
894 A T4 AFPC B4.6 A 13.5°C 110.0A 140°C 79 Ar°C B43A 13.0°C 65 A°C 1038 A B0 AFSC|
89.7 A T2 AFPC 843 A 13.5°C 109.7 A 140°C 78 A°C BIHA 13.0°C 64 A°C 1039 A 7.7 AFFC|
1188 A 9.5 AFFC 84.0 A 13.5°C 1099 A 140°C 7.9 AFC 835 A 13.0°C 64 AFC 1049 A 8.1 AS°C|
1189 A 9.1 AFFC| B5.0 A 13.5°C 1088 A 140°C 7.8 AC B44 A 13.0°C 65 AF°C TERA 6.1 AS°C
1199 A 9.2 AFC| 575 A 135°C 110.6 A 140°C 79 AFC 858 A 13.0°C 66 APC 1059 A 8.1 ArC|
1186 A 9.1 AFFC B45 A 13.5°C 110.0 A 14.0°C 7.9 AF°C 853 A 13.5°C 63 AFC 1053 A T8 ASC
1186 A 9.1 APC B49 A 13.5°C 1105 A 140°C 79 A°C 85.0A 135°C 63A°C 1058 A T8 AC
90.3 A 6.9 AS°C 849 A 11.5°C 13.5°C 1107 A 140°C 7.9 A°C 85.1A 135°C 63 A°C  1060A 8.2 AS°C|
90.9 A T3 ASC 85.3 A 11.5 °C 13.5°C 110.0 A 140°C 7.9 AFC 85.0 A 13.5°C 63 AFC 1044 A 8.0 AS°C|
90.9 A TOAFPC B5.1 A 11.5°C 13.5°C 1103 A 140°C 79 APC B40A 13.0°C 65A°C 1041 A TTASC
176 A 8.7 AFC B45 A 120°C 13.5°C 109.0 A 140°C 78 AFC B56 A 13.0°C 66 AFC 1063 A 79 AS°C|
1174 A 8.7 Ar°C B4l A 12,0 °C| 13.5°C 109.3 A 140°C 7.8 A/°C 85.0A 13.0°C 65 AFC TE6 A 6.0 AS°C|
1169 A 8.7 ArC B4S A 1.5°C 135°C 1LEA 140°C 8.0 A°C 847 A 13.0°C 65A°C 10701 A 8.6 Ar°C|
173 A 8.7 ArFC 845 A 11.5°C 13.5°C 1MLLA 140°C 7.9 AF°C 86.0 A 135°C 64 AFC 1058 A 7.6 AS°C|
1175 A 9.0 AFFC BM2ZA  115°C 13.5°C MLTA 140°C T9ARC 86.0A  13.0°C 66AFC 1054 A 7.8 AFFC
114 A 9.1 APC BA3 A 1.5°C 13.5°C 1104 A 140°C 7.9 Ar°C 852A 13.0°C 66 APC 1045 A 7.7 AFC
174 A 9.0 AFC B4.5 A 11.5°C 13.5°C 1LOA 140°C 7.9 AFC B5.1 A 13.0°C  65AFC 142 A 8.0 ASC|
181 A 9.1AFC B4SA 120°C 135°C 1098 A 140°C TRAFC 833A  130°C 64AFC TRIA 6.0 AFFC
1193 A 92 AFC B4.6 A 120 °C 13.5°C 109.2 A 140°C 7.8 AFC B4l A 13.0°C 65 AFC 1037 A 7.7 AFC|
1188 A 9.1 Af°C 84.9 A 12.0 °C 13.5°C 109.7 A 140°C 7.8 AI°C B53 A 13.0°C 6.6 AFC 1044 A 7.5 AS°C|
911 A T0ASPC 848 A 120°C 13.5°C 1ML2A 140°C 7.9 AFC 863 A 13.0°C 6.6 APC 142 A 7.7 ASC|
911 A TOAFC 1137 A 125°C 13.5°C 114 A 140°C 8.0 A°C B7.1A 13.0°C 67 APC 1055 A 8.1 Af°C|
179 A 9.1 AFC  B4BA  120°C 135°C 1HI0A  140°C T9A°C 863A  13.0°C 66AFC 1044 A 8.0 AFC
Table 5.3.4 Comparison Table
CHI CH2 CHI CH2
Time Time
Current | C.Temp. APC Current | C.Temp. Current | C.Temp. APFC Current  C.Temp. AC
11:30 - 14:25 1154 A 12.5°C 86.1 A 129°C 11:30 - 14:25 100.0% 100.0% 100,05 100.0% 100.0% 100.0%
19:30 - 21:30 1089 A 13.0°C 835A  117°C 19:30 - 21:30 100.0% 100.0% 100.0%|  1000%  100.0% 100.0%
11:30 - 14:25 57T0A 131°C 44 AFC|) 1104A 0 138°C 11:30 - 14:25 50.6% -4.2% 52.5%| -282% -7.4% -19.2%
19:30 - 21:30 562 A 13.5°C 42A/°C| 1103 A 14.0 °C 19:30 - 21:30 48.4% -4.2% 50.4% -32.1% -20.0% -10.2%
11:30 - 14:25 85.0A) 146°C S8ASC[ 1057A 137°C 11:30 - 14:25 26.3% -16.1% 36.5% -22.7% -6.7% -15.0%
19:30 - 21:30 850A  131°C 65AMC| 1006A 132°C 10:30 - 21:30 22.0% -1.1% 22.7% -20.4% -13.4% -6.3%
CHI CH2 Averige
B/A -l47%] 184%
CiA -10.6%] 9.5%




0 > FUKUMITSU Pte., Ltd.

50 Raffles Place #19-00, Singapore Land Tower, Singapore 048623
Mobile : +65-
E-mail :

Based on the monitoring data by the temperature logger and current logger, the average reduction of
consumption for electricity on Chiller No.1 and No.2 would be confirmed as follows.

B/A-18.4% - Refrigerant

C/A- 9.5% - Hybrid System (Refrigerant + SPACON)

We can only set the temperature logger on the surface of the stop valve in line of chilled water pipes and
corrected data were adjusted as per the set data only, and the temperature logger would also be
sometimes affected by the temperature of the chiller itself. So we assume that the value of the returned
chilled water temperature would be varied.

According to the result of the verification above, Conditions B shows a better reduction percentage than
Conditions C. But, it would not normally be happened for these facts because the heat dissipation of the
refrigerant by SPACON is remarkable, and it is confirmed that the temperature of the refrigerant In and
Out of SPACON drops by 5°C to 7°C. Since the pressure in the refrigerant pipe decreases, it is
impossible for the power consumption to increase under the same conditions. These are very different
from the heat source conditions in the room being compared, and may not be fully reflected in the per-
unit return cooling water temperature comparison.

For the reference purpose, as per the test result of the SPACON and Hybrid System verified in the
constant-temperature room, the reduction ratio was confirmed as follows.

SPACON - 12.4% (Test by the |l Head Office, Japan)

Refrigerant — 17.4% (National Industrial Research Institute of -, Japan)

Hybrid System — 25% (Industrial Technology Development Institute. Republic of the Philippines)

In this verification, SPACON was installed for Chiller No.2 only. So, the operation of the Chiller No.1
and No.2 influenced each other and the reduction of the electricity consumption was obviously
confirmed at Chiller No.1. And, the usage of the electricity by Chiller No.2 was increased.

6. Conclusion of Investigation
Applying our proposed SPACON and Refrigerant (Hybrid System) can reduce the power consumption of
Air-Conditioning units by more than 15% based upon the verification result as well as the test result
confirmed in the constant-temperature room.

7. Assumption of Investment-Cost Saving-Pay Back Period

Electricity fee is unexpectedly priced up in Singapore. We, FUKUMITSU Pte., Ltd., would like to suggest
applying our Hybrid System for ﬁ as detailed shown in Annex A, which was committed and
proven by our investigation for the investment amount, cost-saving amount and depreciation period.
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We sincerely hope that our products can perform a part in contributing to a sustainable society in Singapore.

We would also be more than happy and proud if our eco-friendly products are installed in a historical
building owned by PERENNIAL, a leading developer in Singapore.

Thank you very much for your consideration and look forward to hearing your offer soon.

Kenichi FUKUOKA
Director

FUKUMITSU Pte., Ltd.



