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Measurement and Analysis of Energy Consumption of
HVAC Equipment of a Research Building
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ABSTRACT: In this study, measurement and analysis of energy consumption of a research
building have been conducted. The energy audit procedure includes monitoring of electricity
and LNG consumption over a period of three years from 2000 to 2002. Data acquisition sys-
tem for collecting energy consumption data of HVAC equipment such as chillers, fan filter
units, AHUs, cooling towers, boilers, pumps, fan coil units, air compressors and etc. has been
installed in a building located in Seoul. Data collected at an interval of 1 minute are analyzed
for studying the energy consumption pattern of a research building. Percentage of energy
consumption of all HVAC equipment is 51.0% in 2000, 55.4% in 2001, and 62.3% in 2002, re-
spectively. Electricity consumption of chillers accounts for 17.6% of the total energy consump-
tion, which is the largest. Annual energy consumption-rate per unit area is 840.5 Mcal/m® y in
2000, 1,064.8 Mcal/m®-y in 2001, and 1,393.0 Mcal/mz'y year 2002, respectively.

Key words: Measurement(Z7), Energy consumption(ol\]=] Z4#]2), Energy consumption-rate
(NFRA AE$]), Energy diagnosis(lUx] ), HVAC system(HVAC A]2 =),
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Fig. 1 Exterior view of the building.
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Fig. 2 Layout of equipment.

Table 1 Description of the building

Location Seoul, Korea (37.34N, 127.26E)
Completion July 1997
Structural system Reinforced concrete
Total 6655.4
Basement 1971.3 Mechanical room
1st floor 1886.2 Laboratory, office, cleanroom
Area [m%] 2nd floor 1258.9 Laboratory, office
3rd floor 1080.9 Laboratory, office
4th floor 396.2 AHU room, elevator mechanical room
Roof 61.8 Water tank
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Table 2 Quantity and rated power consump-
tion of equipment

Equipment Quantity | Power (kW1
Chiller 3 151.0°2
Boiler 3 97¢
Cooling tower 3 55%
AHU (air handling unit)| 4 480°
FCU (fan coil unit) 61 25°
FFU (fan filter unit) 348 0.145%
Air compressor 2 450°
Fan 22 148°
Pump 3R 1916°
Lighting 4,050 162.0°

a: each, b: total
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Fig. 3 Schematic diagram of measured variables.
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Fig. 4 Total electricity and LNG consumption
in building from year 2000 to 2002.
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Fig. 5 Total electricity consumption.

3,000

g 2500
=3
=
5 2600
a
E
5 1500
@
8
© 1000
=
k]
2
w 500

Year 2000 Year 2001 Year 2002
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Fig. 9 Monthly electricity consumption (2000~2002).



d78& AEY €9 2 FZV171Y A LuF 53 £ Y

273 A% AN I 2
£5E duA ¥&L 200080 51.0%, 2001d9
55.4%, 20023 623%E AXste ROZE E

FZ7171AM A

919

Sth dEY, 49717182 A7UAE 2He
Hgg AMnw 2000dd AN 7 B
A7 UAE awss

L

i
[e]

=

Table 3 Monthly electricity and LNG consumption

7171 WE7IEA

Electricity [kWh1 Ratio
Air Cooling . LNG Total of
Chiller | FFU | com- | Pump [ %8| AHU | FCU | Fan |Boiler| others | Total (kWh] | [kWh] H[‘g/f}c
pressor 0.
Jan 9954 16846 10534) 2,871| 165/ 10620] 1,223| 3571 2519| 106817| 165120 43,109| 208229 487
Feb 7942 24857| 972 2116 122| 8085| 1,169 3226| 2249] 101,084| 160560 38329 198889 492
Mar 13,195 29760 11,427| 3152 181| 9414] 304| 3571| 1599 74037 146640 26838 173478 57.3
Apr 16,028 28800 10,706] 3226| 185 3617 0| 3456| 73| 74367| 141,120 11550 152,670 513
May | 24516 29760 11,133| 6749 38| 5463 543] 3571 650| 78028/ 160800{ 10051| 170851 478
Jun 37487| 28800} 10087| 8554| 696 9691 710[ 3456| 678| 74559 174720 10555 185275 543
Year| Jul 51,290 29760 8859 11,100| 1,021 14553| 922| 3571 804 77080 198960| 12772 211732 594
2000 Aug 64,258 16007} 10311} 14,193; 1,178| 14748| 1,179} 3571| 1,109] 95256| 221,900 18178 240,078| 56.0
Sep 42,269 19436| 10813| 10922] 583| 7,780 907| 3456| 918| 83716] 180,800 14,788] 195588 517
Oct 22,008| 22758| 11,334| 13577| 2201 13019| 320| 3571 467| 62666 151,920 6812 158732 534
Nov 9,322 17417 12,013| 13,180| 1,309 5344| 1458 3456| 1.353| 77.420| 142272 22487 164759 457
Dec 6,191| 20863 13548 10281| 478| 22907| 1561 3571| 2080 60551| 142032 35347\ 177379 582
Total | 304,460|285,152|130,476| 99.923| 8506| 125241 10,296| 42,048|15,159| 965,583| 1,986,844] 250,816|2,237 660
{%) 136 127 58/ 45/ 04[] 56| 05/ 19 07 432 88| 112| 1000 510
Jan 4714 22374 11,240| 11,183| 61 4636 512| 3571 2977 84943] 146220 51211] 197431 513
Feb 679| 26938 11,079 9599 115| 5585 554/ 3226| 2,121 80389 146400 36065 182465 499
Mar 8383 24152| 11,562| 8749 164] 3207| 399] 3571 1,357] 89526 151,070 22562] 173632 418
Apr 13933 27,703| 11,762| 14542| 386 1567| 30| 3456 807| 74523| 148710 12831 161541 466
May | 25839 19130 12251| 26970| 572| 2876 104| 3571 s18| 83040| 174870 7715 182585 478
Jun 34803| 16726 7450| 10655 1,254 3931 397 3456) 1,040| 111639 191,450 16955 208405] 429
Year| Jul 67,391| 29571} 10504| 19309 3881| 4963 394| 3571 1651 90271 231,506 27,753| 259259 611
2001 Aug 62,750 20594| 10545| 21428 3095 6771 721| 3571 1,838 121,177| 197771 31,416 229,187 536
Sep 66,880 27,903| 13855| 21,129| 2,387| 5030 505 3456] 1908| 89556| 232608 32208 264905 610
Oct 60945 27942 9058| 21285 1287| 573 62| 3571 2283| 81367| 208373 38938| 247311 634
Nov 52820 27564| 13191) 20712{  613| 4666 392 3456| 3595 80063| 207,072 62120 269200 654
Dec 49344| 25456| 15415| 14545{ 154| 14260 475| 3571 4200] 89436| 216857 72828| 289685 638
Total | 454,688|296,053]137,930/200,105 13968 58,065 4,544| 42,048]24,31411,075930| 2,307,644 412702|2720346
(%] 167 109 51 74 os| 21 o2 15 09 396 848 152 1000| 554
Jan 28,778 25867 12,369] 18,609 3| 7,003] 539 3571 4256/ 84,136 185231 73824| 250085 627
Feb 2,150] 25796| 12.879] 25466 265 4908| 433 3226 3753 63345| 166222| 67648 233869 674
Mar 46940} 28132| 17,051] 257271 710| 2778 252 3571| 3669 84.274| 213104| 5827 278931 637
Apr 57041) 24953| 14621] 20626 1,196| 287 18| 3456 2599| 84974| 210672 s2158| 262830 621
May | 69,032 28350 15566| 21,192] 2442| 1508 135\ 3571| 2788 99757| 244350 47667| 292016] 605
Jun 68,135 20,320| 10,141| 11,692| 2,305| 13084] 312| 3456| 1,753| 107,509| 238688] 39863 2785850, 57.8
Year| Jul 81,685 27,724| 18494| 23035 5320 7435 615 3571 2437| 92939 263255] 39491| 302746| 632
20| Avg 84,232 25709| 17,332| 22586 4909| 7810| 663| 3571 2440| 101955 271206] 40744| 311950 618
Sep 70049| 24,419| 16863| 20920 3,155 3801 332| 3456| 2405| 95638 241937 41209 283145 603
Oct 63942| 25841| 17204 20417| 1471| 155 62| 3571| 3135 99412} 235211 59,001 294212 604
Nov 59650| 25887| 16753| 19762| 919] 6,656| 5370 3456 4841 97557] 236,018 81,992| 318010 641
Dec 59,387| 25987| 16402| 20905| 791] 5842] 504] 3571 4,804] 100695 238.887| 86769| 3256%| 640
Total | 716,820| 308,994| 185,675(250,935| 23.487| 61,347 4,402} 42,048} 38.878!1,112,191| 2,744,778| 696,193|3,440971
[96} 20.8 9.0 54 73 0.7 1.8 0.1 1.2 1.1 323 798 20.2 10001 623
Total 1,475.968| 890,198 454,081]550,963| 45,962 244,653] 19,242(126,144] 78,351 (3,153,703 7,089,2661,359,7108,398 976
Total ratio [%] 176] 106 54/ 668 05| 29 o2 15 09| 375 838  162| 1000| 570
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2 FE77NA AAEEE YA blee 20008
o 51.0%, 200149 55.4%, 20024 62.3%E =X}
AdE Aoz veygd,

E3 B2 QT dd AEY duyx g9a9=
200040 8405 Mcal/m* year, 2001'd] 1,001.3
Mcal/m’ year, 2002139 1,292.5Mcal/m®- year
Yelt o Fue ALFEA AR JquA dad
o vims) B u Ak 18~23u o & Aoz
vebstch, =23 HdY ALY FUlgol dIo
175%2 474 A8 Ayt AB H|std o1
A LIt Ay ALEF FIHEo) o =)

1)

2 Qd7: 44 £A491 Q= A2 T2
271714 dFd FH AN2Y9e FEET o
A2 o] AnFE 2HFoR AA
T4 A2 R Av Fejo) & AF go
HE A28 4 AUt 2 d79 An= mE
AT E AEY UR AH HE JehfE= o
FEAQ dE oYX gow fAe AR o
WA dzte 8 dd JleeN 88< st
o ool 1 997t Uokn Azbgc.
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