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A Study on Standard Heating and Cooling Load according to Design
Factors using Prototypical Load Model
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Abstract

Before newly-built building and building remodeling, it is important to predict and analyze building energy
performance through energy simulation programs. Nevertheless, simulation results widely vary depending on
individual user experience and input values. Therefore, this study uses prototypical building model, a versatile tool
in building energy modeling, simulation and research for researchers and policy-makers, and ASHRAE standards.
Then, it analyzed the changes in design type (roof type, number of floors) for the base case. As the result, it was
found that the gap of annual energy demand per between them is maximally 9.1%.

Key words: Building energy simulation(7& ] X A] & &| ©] 4), Prototypical building(¥&F 7 &), Building energy
model(FAE Y X 2d), Annual energy demand(H 7t oY x| Q)
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Woou A s Aol thel Adtsta ok AERSEA S AT R dEAYAAEG AL o] F
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Methodological steps |

Studyof:
.15 . v" PNNLPrototype
Building conditions “—|  Single Family Building

v’ ASHRAE90.2

Tool:
Building modeling and v Sketch Up
Load analysis v TRNBuild
Y v Simulation Studio
Energy Analysis and v Correlation analysis
Result analysis v’ Scatter plot

Fig. 1. Methodological steps

FHEE A, B2,

BA8), (2%, 15)°0 WE AolAE 73t ASHRAE Standard 7|&& 28t 4
AdAEE 24 P%“iq il
Fig
iE][.

@
o] Hild| &S 9|5lo] A& 5] TRNSYSE Edto] AE] st Wyt o
Uz e es AEgc 12 AFEAE Yehd Aot} 7] A (Newark)2] ASHRAE Standard 55-
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Table 12 7] A2 thg 7HRolH, Fig. 22 & 59 Aolad BIYS AT Aot T2 A
52 FEfoll Wt 4714 Alo] A2 7S PNNL EEFE AL ()9 &2 FHo|H, o]E 7|E2=
(D)2t 2ol 71&9] H3AE dAdS FATL=2 HATAL, (0% (e S5 ¥z

22 Zigny =2
221 Xofd 7|% =7

AL 6719 u|=o] A& ATt Table 22 X9 HF 97| 2=2} IECCE] Climate zone2 L}
el A o]t} IECC (International Energy Conservation Code)oll A= Bl 34 Y, A 715, F2A49, §

Table 1. Characteristics of base building

Parameter Assumption
Conditioned floor area 220.7m?
Height two-story, 2.59m
Perimeter length 42.5m
Window area Fifteen percent equally distributed to the four cardinal directions
Door area 3.71m?

Korea Society of Geothermal Energy Engineers
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(a) A two-story gable roof buil\éfiﬁg
( Base Building)

(c) An one-story gable roof bui\l(?ing

~
(d) An one-story flat roof building
Fig. 2. Modeling case

Table 2. Ambient air data

Region Average annual ambient temperature Climate zone
Chicago 9.74°C SA
New York 12.11°C 4A
Newark 12.15°C 4A
Los Angeles 16.66°C 3B
Phoenix 22.53°C 2B
Houston 20.05°C 2A

3 Az A 5 A9 AT Rt Yok o F HauEe] AR 7127k ul2E Newark 2|
& 71Ao|l a2 A5ttt 7)4kdlo B TRNSYSO|H AZsHs TMY Hlol8 S g3ttt

2.2.2 TRNSYS Input Parameter

712492l Newarke] ASHRAE 9022004 7|1 Zxsto] QA iah, 2yns}, 4w, A7F 5&
AT} Table 32 oS H2Th Foluf, Table 42 AZE 29 ARFEL Yehdl Holw, 49 g
valuegh2 46%0°]tt. Fig. 32 (a) AL, (b) 2%, (o) 7171 HEt 2A1ES Hebd Aot

23 Ao|a MH
PNNL F&FH R o] 7|2 »meElg o] o X @7} vl o X R AH(EIA, U.S. Energy Infromation
Administration)2] RECS(Residential Energy Consumption Survey) H|o|E|& H|u &, 7|&HA| 0|25 4AX Y

of Newark AHTh Fig. 42 A G429 oA AGH&L e agols, n2o) B2 47 35
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Table 3. Input parameter

Parameter Input Value

People 2.7/100 m?

People Sensible Heat Gain 70 W/person

People Latent Heat Gain 45 W/person

LPD(Lighting Power Density) 10.76 W/m?

EPD(Electric Power Density) 2.69 W/m?
Infiltration Flow 0.7/h
Heating Setting Temperature 20°C
Cooling Setting Temperature 26°C

Table 4. U-value

e N

9]
=2

A
Lo

)
yl

Parameter Value(W/m?-K)
Wall 0.479
Roof 0.153
Floor 0.389

Ceiling 0.271

Window 1.5

{a) people
100% et 00— s
o 5% \
= 50% \ ¢
> o5 e s e e e 0 *
0%
1234567891011 12131415161718192021 222324
Time
(o) light
100% o
o PP .v' \
% 50% o 7 \
B e, *
‘S * o * @ o o @ o o .

1234567 8910111R2131415161718192021 222324
Time

(c} equipment
100% »—o

. »
5%
e

PR S .

Value
[ ]
[ ]
1 ]
*
.

12343557 821011121314 15161718192021222324
Time

Fig. 3. Occupancy&Light&Equipment Schedule

A g U] AL 524 kWhinto| ), J o UA] £7%FL 9.71 kWhimo|tH{16].
A A% B G UATHY AFE JUAELEF AFFFE G2W, AT o
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23% )
5,979kWh B Space heating
Water heating
m Cooling
B Refrigerators
Other
17%
4,425kWh

Fig. 4. 2015 average energy consumption data

Table 5. Modeling case

Case Roof Type Floor Region
1 Gable 5
2 Flat roof
Newark
3 Gable roof |
4 Flat roof

ARAG oM 25Fo] 60 kWhim? o4 90 kWhim? ¢l -8 1+ SFO2 Hska YrH17).
Table 5& A0 FeS WA RI BAR, 4L 257} 1508 BRI Holrh, B =BAE A%

o gejot o ulFY AR BE eHel NS oz sHe Aashar
3. Al=2lo[M &t
3.1 242 OlL{X| 272 1T

Table 62 Alo|2~¥ HF5+E Uep gict 250 150] vl3), 7|9t Aoz o go] et} wpet
A, 25X A Rs7E A AREEHAY 259 WE Y REE HY 14.7%, YEE YRS
14.9% Fth. 3, 9]7]9] FgFo] 2 B o HW—N%Oﬂ vlsf Hdj§sk7k 23.9%

Table 7, 8, 92 Alo|~¥ Y9 x| 27 et Aotk 23 Fe < Casel (35 75)2 Case2(H
) BE W oz @ 7o 2394 é% oA aFFo] A4 AEH U Casel> FHel 3
2 A 10.3%, Juke] AL A 15.3%, Case2-& W] A9 o) 23.7%, Wite] AL A 67.6% Ft}.

Table 6. Heating&Cooling peak load (W/m?)

Peak Load
Case Heating | Cooling
Ist floor 2nd floor 1st floor 2nd floor
1 40.9 42.8 19.1 20.1
2 40.2 46.1 19.4 223
3 40.1 - 17.1 -
4 46.2 - 212 -
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Table 7. Case 1 Monthly energy demand (kWh)

Casel
Month Heating ‘ Cooling
Ist floor 2nd floor Ist floor 2nd floor
Jan 1748.9 1892.2 - -
Feb 13239 1451.1 - -
Mar 1038.1 1136.6 - -
Apr 588.4 643.7 - -
May 88.5 96.9 39.4 42.8
Jun - - 108.2 121.8
Jul - - 2959 334.8
Aug - - 266.9 307.9
Sep - - 279 32.1
Oct 239.2 263.9 1.96 1.97
Nov 883.9 964.5 - -
Dec 1476.7 1603.8 - -
Table 8. Case 2 Monthly energy demand (kWh)
Case2
Month Heating ‘ Cooling
Ist floor 2nd floor Ist floor 2nd floor
Jan 17333 1994.7 - -
Feb 1307.1 1511.9 - -
Mar 1024.9 1184.5 - -
Apr 581.2 676.9 - -
May 87.5 107.4 394 554
Jun - - 105.7 1454
Jul - - 288.6 359.7
Aug - - 2579 320.9
Sep - 0.3 26.77 36.5
Oct 2384 294.9 1.79 3.00
Nov 875.6 1017.5 - -
Dec 1461.4 1681.4 - -

15 FEj 9] Case3(FA6)ET Cased(FA6)7F € Wby oA 847Fo] tiii A A=A

o e e o 2014 kWh, ¥ ¢ Hdi 64.5 kWh it}

3.2 CIXfQl HEHE ofliX| 27 Hlw

3.3.1 Xi32| HE{H Of|L{X] 273 vl

Table 109} 11-&

£ 248 SUsH Hgsta A%

FHE LA w, Alo]AE A%t Bt 9
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Table 9. Case 3,4 Monthly energy demand (kWh)

Month . Case3 ' . Case4 .
Heating Cooling Heating Cooling
Jan 1822.1 - 2023.5 -
Feb 1467.4 - 1545.7 -
Mar 1137.1 - 1216.4 -
Apr 610.9 - 700.3 -
May 63.9 0.03 115.8 43.7
Jun - 50.7 - 115.2
Jul - 311.7 - 318.5
Aug - 326.9 - 276.1
Sep - 36.7 0.67 25.8
Oct 112.2 0.69 310.7 1.53
Nov 903.8 - 10432 -
Dec 1600.5 - 1713.7 -
Table 10. Casel, 2 Average annual energy demand
Energy demand (Unit : kWh/m?-yr)
Case Heating(rate) Cooling(rate)
1floor 2floor 1floor 2floor
| 66.93 72.92 6.71 7.62
(100%) (100%) (100%) (100%)
’ 66.22 76.73 6.53 8.34
(98.9%) (105.2%) (97.3%) (109.4%)
Table 11. Case3, 4 Average annual energy demand
Energy demand (Unit : kWh/m?-yr)
Case Heating(rate) Cooling(rate)
69.92(100%) 6.58(100%)
4 78.54(112.3%) 7.07(107.4%)

Yz 873 7|& v 2 (%) YEPH Fo|tt. Table 1094 Casel(8F3-A|5)X.t} Case2((3 A 5)7F 217]

9] FFo] BT, 2F oA AZF B YA o] Y BF IA
o] A 9.4% Foh £, BASY B5 25049 oA 2ol
Yy agsFo] 3 AE Hrh Fad AL & 4 ok

Table 119]4] Case 3(23-A|5)Rt} Case 4(FAE)7} A7 H+

YA el 74% o B AL L & Tk

3.3.2 &7 OlLA] 27 H|1

AEE T e B39 52%,
F7heke] grjaoz 159 o

Wb oy R @ Fero] 12.3%, Wit o

Fig. 59] ¥rg X 5-& 9] Case 12%)d} 3(1%), BAEFH Case 22F)9 4(15)E ¥ E o, 2%

FE7F W old A 8372 IA, W v A 8FF AA AAEE U
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Fig. 5. Average annual energy demand

15 Fei7} 9]¢k Fohes vl 23 Felof vja] 282 o] WA Tk o 2] atFo] A 9.9%
A AEHEAS. Y YA 27FL2 AFS} Hoh= B0l AER 15 FEHIF A 9.1% HA A&
= At

3.3 27|14 OLX| 2718 Hlw

AT 62 MG 9)7] Hole S Heste] 971 met Arbepel thgsHs Wik o vl x| e of
stol stk o2 AHE THTR el D RS B3} ABAS Uehigich RS 03 1Akol9] gt
o2 Uehe, 0o 77424 Aol olAT 1o 77he48 Aol Erhal SA3th 0.7-1 Abo]

———— W W
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Ambient Temperature(°C)

Fig. 6. Heating energy demand by ambient temperature
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Fig. 7. Cooling energy demand by ambient temperature
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Fig. 8. Heating energy demand by solar radiation
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Fig. 9. Cooling energy demand by solar radiation
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Table 12. Correlation analysis of energy demand by regions

. Ambient temperature  Solar radiation — Ambient temperature  Solar radiation —
Region Roof — Heating energy Heating energy — Cooling energy Cooling energy
(IECC Climate Zone) - Type demand demand demand demand

) Gable -0.969 -0.831 0.647 0.547

Chicago(5A)
Flat -0.968 -0.856 0.747 0.658
Gable -0.962 -0.843 0.695 0.595

New York(4A)

Flat -0.963 -0.849 0.709 0.615
Gable -0.969 -0.856 0.747 0.658

Newark(4A)
Flat -0.968 -0.853 0.663 0.551
Gable -0.857 -0.722 0.625 0.251

Los Angeles(3B)

Flat -0.855 -0.736 0.628 0.249
. Gable -0.773 -0.747 0.936 0.767

Phoenix(2B)
Flat -0.773 -0.747 0.936 0.767
Gable -0.862 -0.801 0.861 0.799

Houston(2A)
Flat -0.868 -0.812 0.868 0.811

3.4.3 X|9E O|1X] 272 HZEAIEN
Excel Correlgr9] AHHA= +1 = 19 75 4884 7F 29 Equation ()& AMSHA X,
Y F 479 AHAsE B4R A2 o 2k

Correl(X, Y) = M )]
NEZ(x=X)Z(y-y)
Table 128 X2 498 97], AAksh YE Wby Ui 87O shel AT Comeldt4o] 4o

22 Rel molt.

PNNL EFe o] 2 2o Fej2E, BA5)E 251 69 Ao BRsqrt. grpe
x| eo] it o x| aero] 2j7)ete] AAo] Hon], Wi U a7 Aol £ Xoo] &
RIS}, Houston} Phoenixo] o, B#7]&-0] %31 AAfgFo] 2 x| elolet Wb o] ayekal o)7]eat
Aol ot AFRAl AE Ao AmEch W, tAtel Feje} |AkeolE ske] Aol B
A BolAE ggten, ol7]eEet QA oo Wik Halo] asd AERY, 49 57} 2=
WyEofof & Folt. 2% Bt AT BAS 8 a4 FFE B4 AN oot

8o HHANE aokste] Ystd thet 2t
L AgaE] et ux] aTake] xolzh WIS HehRahe % Fe), 13 FeolN 22 109%,
23.9% Aol g Vhehyth. E5, ABF W X a7%L 2%

ol Urehych.
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2. Base case B3t 252 FeE A G2 HAYPS Al, A7 Fd oA a75Fo] 4z Tt
2.8%, Y 2.3% Z=7}5F9th 22 1202 HAPLE A, G oy X Q382 0.13 kWh/m*Z 0.14%2] 2}
o] "o o]z oFout, WHk o] &7 9.1% FA3H3

3. ¢ oA e YARFRET 97| 2= oko] AuIA7E =odth 97| 9ke] Wt v o] E2
13 Fejo] AET BA5 Feirt o2 ARl Feol vlal] v Aado] ok gl FEvt 59
o, Climate zoneo]| whe} &8 W =7} v]8HA] &= At

£ dolAs BF FoF RS o83 Bt s qlo] a4 mdo AA 24 ¥t Wi oy
A g E FA] 2 eat2 Yed = S EIGEeH, 9d 71§ 249 oyx] a4kt
o] FHAAE "etetgtt FUg 2E ZEE o &g YAME A Bl 5 ol uet F2) ¢k
2 25 BT S glow HFof o] WUst AEVF Bastch &, FUHHQd A QAkeke] At
A BAste Y BE ¥t Bd L5 T 712 ARE vl A F ot
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