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A Study on the Characteristics of Cooling and Heating Loads
of Building According to the Acquisition Methods
of Meteorological Data

Ji-hun, Lee

Department of Refrigeration and Air-Conditioning Engineering

Graduate School of Korea Maritime University

Abstract

As the buildings are consuming about 26 percent of the total national
energy consumption amounts annually, the research on the energy
saving technology for buildings will be very significant matter.

In this thesis, in order to apply the energy saving policy on the step
of the onset of building construction, the characteristics of cooling and
heating loads of building according to the acquisition methods of
meteorological data are analysed by using the commercial simulation
program of Esp-r.

For evaluating energy performance in the simulation program, the
meteorological data is one of an important variables. As the current
typical meteorological data in Korea does not consider the recent 5
year climate changes, it is necessary to compensate.

The purpose of this research is to compare the cooling and heating

loads between the typical meteorological data and the actual measured

_Vi_



one.

To get the actual meteorological data, the temperature, humidity, and
amount of solar radiation for the five-storied building with 1,665m® of
building area was measured.

The actual measured meteorological data, the data of Korea
Meteorological Administration, and the typical meteorological data were
compared and the result showed that the Korea Meteorological
Administration data was the same as the actual measured meteorological
data.

The Korea Meteorological Administration data, therefore, could be
used to evaluate the cooling and heating loads of all the buildings.

When the typical meteorological data is applied to the program that
1s obtained 30,369kWh as the cooling load and 86,049kWh as the
heating load. Also 28,477kWh, 95,913kWh for the cooling and heating
loads in 2006 and 24,121kWh, 74,677kWh for the cooling and heating
loads in 2007 and 26,357kWh, 94,150kWh for the cooling and heating
loads in 2008 and 20,026kWh, 89,199kWh for the cooling and heating
loads in 2009 are obtained by the Korea Meteorological Administration
data.

Consequently, by surveying the typical meteorological data and the
Korea Meteorological Administration data from 2006 to 2009, the
simulation program can be drew the cooling and heating loads.

Also, to assume a operating time of a building's air conditioning
system in summer and winter season, it can be calculated to operate

ratio of the system by using Maximum load calculation method.
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Sky Modal
Shading
Madule

Daylighting

Window Glass

Module

Describe
Buiilding
EnergyPlus
Simulation Manager |,
: =/
Heatand | : Third.Part
Mass i BUHE.F‘IQ s uzet
Balance | Systems " jongys Interfaces
Sln‘uulatuml Simulation ==
o Dieplay
Calculation Results Resuitis

<% 3.1> Structure of EnergyPlus

EnergyPlus
Simulation Manager

Zone Equip

Integrated Seo Module

Bullding
Systams
Simulation
Manager

Surlace Heat
Balance

Plant Loop

Balance
Modula

Manager

Man ager

Condenser
Loop Module

COMIS PV Module

<19 3.2> Total simulation manager
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3.2.3 ESP-r

ESP-r(Environmental Systems Performance '@ r< research® <J7])<
Aoro] Fefxaare] A% ~EgAaZEto]l= o)l ESRU(Energy Systems
Research Unit)ellA  #d 7l A& AlE#HoAH Z=T9(European
Reference Building Simulation Program)S.2 7= lom &z AA A o=
60978 o] el dWist, A4, AR ALl AREHIL Jlom, <I¥ 3.3>2
ESP-ro] & AR dlo|tt,

ESP-r& AA 235 AYsiA AlEdeldsta, 1 Agd=s d3d =44
At AE YAl

QA ATAUA AFeH Boke Hu FES FAL
GFS ML BE 828 FA 19T 5 YES 5ol 9lo], ESPre A
Aol A ABel B, o3, Avlsk Al Sel Aol ofs) washe 23t

gt AAE AbA ] dotelA s
w3 ESP-r& djAstnA} s A8 7]etetA doldH, B TAAE,
AT 2 SATd AA &8, J7|>nfiltration) 2 A7 F7] olF F A m

£ <19 3.4>°] Project managerthi= 55 53519 JHsHA At dEE A

H
v 71dEA g, ANz, FREY T/ 2 Ao By T A4y
of 4w Azt GE F3AF 2L ox] BES HWH oAZ Z4F Iy
25l o8 a4 €
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3.2.4 TRNSYS

19759 A8 Zzaxo=w XS 2HEH TRNSYS(TRaNsient SYstem
Simulation)= #|&A el WAPoZ A ver. 15.29] 0|23 9o HAVCS

Z3HgE Az T GelydA siAe] Thsd LAl o =

I~

2L HFE A=Y F4¢ Aol H AAE A Aot H=
°] Wisconsintste] SEL(Solar Energy Lab.)ollA 7I'¢= 7] AlZFsiol o, &=
de] Transsolar, 229 CSTB, W59 TESS & F&/MUd1Ee o=
AA Zh=rell 4 \el gk AREAF Q1 H|o] =9} &k9] RES Eetar stk

o5 HAVCS XZehgh Algdelds 3ty 93 1. 4o =<l
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<Y 45> TAEAH 33
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4.2.1 72A 74 AR B4 € TR

}\é#

flo
)
Hl
2

>
>
o
gt
L

Zr A A 59 AM5o] AE(Conductivity), Bk
(Density), B]Y(Specific Heat)S <3 4.2>, ZF +XA19 B4 FAREE <F 4.3>

o YeERA ATt

J|m

<E 4.2> Fx2A 74 As 54

4 = Conductivity Densigy Specific Heat
(W/m - k) (kg/m’) (J/kg - K)
brown brick 0.96 2000 650
glasswool 0.4 250 840
breeze block 0.44 1500 650
perlite plasterboard 0.18 800 837
plate glass 0.76 2710 837
block inner 0.51 1400 1000
oak 0.19 700 2390
wilton 0.06 186 1360
chipboard 0.15 800 2093
heavy mix concrete 1.4 2100 653
steel 50 7800 502
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<E 4.3> 7xA AR

Construction (material) Thickness
Extern_wall 325.0 mm
- brown brick 100.0 mm
- glasswool 75.0 mm
- ailr gap 50.0 mm
- breeze block 100.0 mm
Intern_wall 162.0 mm
- breeze block 150.0 mm
- perlite plasterboard 12.0 mm
Glass_wall 10.0 mm
- plate glass 10.0 mm
Partition 226.0 mm
- gypsum plaster 13.0 mm
- alr gap 50.0 mm
- block inner 100.0 mm
- air gap 50.0 mm
- gypsum plaster 13.0 mm
Glass_win 16.0 mm
- plate glass 16.0 mm
Glass_Door 12.0 mm
- plate glass 12.0 mm
Int doors 25.0 mm
- oak 25.0 mm
Dbl_glz 24.0 mm
- plate glass 6.0 mm
- air gap 12.0 mm
- plate glass 6.0 mm
Susp_ceil 13.0 mm
- gypsum plaster 13.0 mm
Susp_floor 219.0 mm
- wilton 6.0 mm
- chipboard 19.0 mm
- air gap 50.0 mm
- heavy mix concrete 140.0 mm
- steel 4.0 mm
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<E 45> zEeh Ao dedAT 2ndE [w/m’]
A= A = 2
Amel 23 * =[] =848 [w/m’]
g i AL 3
=Y AR5 A | 400~500 700~800 20~30 50~55
e g dd | 750~850 | 1000~1500 60~70 70~100
4 A A4 =% df | 500~600 | 800~1000 30~40 55~70
Bebk | 1%, Ak 800~1200 80~100
A | 2% o & 600~1000 60~80
3 n | - 4 | 150~200 | 250~350 | 10~15 | 25~35
W o 7 A1 100~150 | 150~200 8~12 15~20
S X ® 4 | 300~400 | 700~1000 | 25~35 | 50~70
[F] 2udge sae Nds, eks 35 719
AT 2o A 19 7Fo w2 AR AT, a2k
5y A HAEHAD < 4.4>F st A& 26TA AL 60W 7L
SOWE <Gt 4.6>¢F £& A EE 2o glnt. aela 297]7]9 Fahs
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<3 4.10> Weather Station Vantage Pro A}

%

Variable %%%glgfg Resolution Range ﬂ%?;gg;
0 Ol!vI_Ig. 16" to SZSI_Ig OOSHI_]g
Barometric 0 1mm;7 140 to 820mm 0.8mmHg
Pressure 0.1hva: 0. 1mb 540 to 1100hPa 1.0hPa
- 1P L. 540 to 1100mb 1.0mb
Ronnge Rales | BAow Positions:
: Included in 1.5mm Hg Rising Rapidly
Barometric . Rising Slowly
Console 2 hPa, 2 mb;
Trend . " Steady
Slowly:=.02"Hg Falling Slowl
0.5mm Hg g SIOW.Y
0.7hPa, 0.7mp | Talling Rapidly
. 3% RH;
pside 1% 0 to 100% 4% above
y 90%
. 3% RH;
Outside ISS or Temp /
Humidity Hum Station 1% 0 to 100% A% above
. ISS or Temp / o 19 -105° to +130°F; - 5
Dew Point Fum Station 1I°F; 1C “76° t0 +54°C 3F 15T
Daily & b to 99.99"; greater of 4%
Storm Rainfall 001% 0.2mm 999.8mm or 1 tip
Monthly & GOUs 02mmn | 16199.99% | greater of 4%
Yearly Rainfall | Rain Collector over 2000mm) 999.8mm or 1 tip
WA greater of 5%
Rain Rate 0.01"; 0.2mm -~ or 0.0
Solar , , 5% of full
Radiation Solar Sensor 1W/m 0 to 1800 W/m cale
Inside Included in 2 o +32° to +140°F; o 4
Tenperature | Console O.IF 0.1C 0 to +60TC I'F 0.5C
. ISS or Temp 5 -
Outside . . 5 -40° to +150°F; . q
Tenperature %friogta/tion 0.I°F; 0.1TC Z40° to +65°C 1I°F; 0.5C
ISS or Temp / . o -40° to +165°F; . o
Heat Il’ldeX Hum Station 1 E 1 C _400 to +74°C 3 H15 C)
Time Included in 1 min 24 hours 8 sec./mon.
Date Console 1 day month/day 8 sec./mon.
Wind Direction 1° 0 to 360° 3°
Compass Rose 22.5° 16 compass pts 0.3 cg?pass
Anemometer 2 to 153 nph; greater of
Wind Speed 1mph; 1kt; 2 to 130 kts 2 mph/kts;
(large cups) 0.5m/s; 1kmvh 3 to 241 knvh, Invs; 3kmv/h
1 to 67 my/s or 5%
Wind Chill 1SS I'F; 1C “H0%to +139°F | oo 10

—79° to +57°C
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4.4.1 EF 7]4dHoly A&
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of tiste] &= WHlE-sl= 30,369kWh, 3= 86,049kWh= WyHlE-al B o
WL a7 Wol whAERS ok 4= gl o]: Z|AtHolE gt ¥ ghvks W

2R3 RS shglvlel 91719 Fao] olF F Aol AzhHr).

Load kW

F100.00
Bo.00

F 60.00

- 40.00

[ 20.00

[ 0.00

[=20.00

L-40.00

(‘> ‘ 3;36 I 6:72' 1o|oB.13|44I z.élaov 2(;:6‘ 2552l 26IEEI 3(;24 33‘64; 359.‘; 4o|32' 43:68I 47.04. 5olqo' 53:7557‘1; 6<;4Eil 63:84' 57‘20‘ 7<|>56I 73|gz; 7'}28; Eoléql Bc;loolﬁ7|36

TimeHrs

<ILE 416> EE7PdHlolH ol 87k Al g st
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W33 (kWh/'d) G E-at (kWh/'d)

w3 2,564 2,422

5 3 2,781 6,167

1% §-A = 1,891 2,335

365 839 1,180

R 905 2,873

2% S 3,397 12,695

2 7 3,731 12,049

) A A 989 7,687
35

dF A 2,120 2,335

A} 2] 1,440 1,583

Mk 3,913 6,367

- of ] o 930 1,459

e HAA 590 4,407

A 785 4,666

5% A g 3,494 17,824

g A 30,369 86,049
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4.4.2 71743 doly A&

a2 7t mE7)AdolE e Hasly] Hibs gWss JEe e
of FH 4z 2006W@H-E 2009W1¢] 717+ dolHE 7HA 1 WdEReE

4.4.2.1 2006'd 713 o] E
2006 71747 dlolHE A-&3lo] Esp-r= AlE# oS A
T A <GE 413>l drebdukel o] F 1570 3§
&= 28,477kWh, YH¥E-3k= 95,913kWhz W)

e & 5 e

=
1
o}
o)
=2
2 g
ol
ol
&
ofje
o
ol

1
Ol
o
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L
oZ
1
Ol
o
N
N

o
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o
3

Load kW

F100.00

- 80.00

- 60.00

- 40.00

- 20.00

= 0.00

F-20.00

—-40.00

T T T T T T T T 7T vV T T T v T v T T T T T T T 7T T T 7T T T T T T 7 T " 7T T T T T 7 T 7 T 7T 77T
o 336 672 10081344 1680 2016 2352 2688 3024 3360 3696 4032 4368 470450405376 5712 6048 6384 6720 7056 7392 77288084 84008736

Time Hrs

<I2¥ 417> 20069 % 714 dloly o] &3k AlZPE Wks)
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<IE 4.13> 20061 % 7] A3

w3t (kWh/d) R (kWh/d)

L 2,403 2,551

X 2,617 6,564

1= S 1,824 6,969
365 753 1,245

RS 829 3,002

2% A g 3,100 13,510
A g 3,370 12,823

. A A 1,044 8,225
T e g 1,930 2,490
AR 1,318 1,676

-] 3,583 6,793

. o ¥ - 826 1,536
e w7 623 4,677
Ed | 782 4,958

5% 2 g 3,475 18,894
g A 28,477 95,913
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4.4.2.2 20073 714 ol g

2007 7144 dHolHE #&3lo] Esp-rE AlEdo]AS Aafs ®oks
AN <GE 414> dERdmbel o] F 157 siAlgztel diste] & R
3t 24,121kWh, dHH-EE 74,677kWhz 20061 Hohs JuabRsirl 3
A HASAA R wp7FA 2 st Gk Rs st Wol WAy kel

Load kW

I 70.00

I 50.00

I 30.00

[~ 10.00

‘ -10.00

................................... =-30.00
o 536 672 1008 1344 1650 2016 2352 2653 3024 33603696 40324368 47045040 53765712 6048 6384 67207056 7392 77288064 84008736

Time Hrs

<II¥ 418> 2007 71437 HlolEl o] &3 AlZPE Wydist
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<HE 4.14> 20079 % 7174 dlolE] o]&-3k 34 )

YRs (kWh/d) W3 (kWh/d)

L 2,288 1,730

X 2,249 5,005

1= S-A = 1,550 5,526
365 731 903

RS 717 2,349

2% I 2,402 10,487
A g 2,697 9,861

_ A 707 6,697
R 1,847 1714
A2 1,306 1,176

ke 3,277 5,020

. o ¥ - 739 1,104
Rl ey 405 3,789
Ed e g 566 3,947

5% 2 g 2,640 15,369
g A 24,121 74,677
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4.4.2.3 2008 7]t o]

2008 7144 HolHE 2 &3to] Esp-riz AlEdoldS Ads] Bk u)
T AT <KE 415500 vrepbdhukel o] F 157 A gitel] diste] & W
3= 26,357kWh, W= 94,150kWhz A Wikslng Wisir @

o w4 st

Load kW

I 90.00

- 70.00

I 50.00

- 30.00

F10.00

N WEUHTEEY

[-10.00

LN L B LA L S B S L BN S S B S R U B L B B I L L LIS LA B AL EL N SO L | —-30.00
o 336 672 10081344 1680 2016 2352 2688 3024 33603696 4032 4368 470450405376 5712 6048 6384 6720 70567392 77288064 84008736

Time Hrs

<19 4.19> 2008% 7]/ dely o] &gk AlzhdE yyhilie)
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<FE 4.15> 20081 % 7] A+

H3F kWh/d) | -3 kWh/d)

o A 2,444 2,507

s 9 2,463 6,438

1= S 1,707 7,039
365 789 1,264

RS 794 2,972

2% A g 2,778 13,114
A g 3,124 12,473

_ A A 710 7,999
A 1,088 2,478
AR 1,365 1,692

) 3,576 6,774

. o ¥ - 825 1,502
T A 413 4,543
EagA ] 620 4,733

5% 2 g 2,761 18,622
g A 26,357 94,150
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4.4.2.4 20099 714t o] €

2009 71743 dlolE & #83lo] Esp-r& AlE#Ho|AS A HoS o
T AT <KE 4.16>00 vrebdhukel o] F 1570 A g itel] diste] & W
sk 20,026kWh, W31 89,199kWhz A Wikpelng Wiisir @

o W shelv,

Load kW

I g0.00

F70.00

[ 50.00

I go.00

[-10.00

[F=10.00

e e e o e e e B e LA A s o 2 e s s s ey B s s S B RO L L-30.00
o 336 672 10081344 1680 2014 2352 2688 3029 33603696 4032 4368 470450405376 5712 6048 6389 67207056 7392 77288064 84008736

Time Hrs

<19 4.20> 20099 % 7] doly o] &3k AlzbE Wy E)
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<FE 4.16> 20093 % 7] A+

w3t (kWh/d) R (kWh/d)

o A 2,261 2,366

T 9 1,958 6,180

1% A = 1,203 6,459
365 700 1,130

RS 587 2,833

2% AT 1,799 12,557
A g 2,172 11,919

_ A 335 7,577
A 1,777 2,317
A} A 11973 1,557

kel 3040 6,384

. ol H] < 720 1,407
e w7 173 4,345
Eageige] 287 4,473

5% 2 g 1,741 17,695
g A 20,026 89,199
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4.4.3.2 FLE3; Zol
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idelel B et Blate] Beke W 200619 WEE= 9,864kWh F7F
R 7 Be Zo]lE Holi= 20079l 11,372kWh #HAskelth 20084
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