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A Study on Envelope Design Variables for
Energy Conservation of General Hospital
Ward Area by Sensitivity Analysis
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Abstract

Purpose: Since the large hospitals are one of the most intensive energy users among building types

in Korea, it is important to investigate and apply appropriate energy conservation measures. There

are many researches on energy conservation measures for HVAC system in hospitals, but only few

useful guidelines for envelope design variables were existed. The building envelope is one of the

important factors to building energy consumption and patients' comfort. The purpose of this study
is to suggest the most influential envelope design variables for each end-use energy demand.
Methods: 100 samples were generated by LHS(Latin Hypercube Sampling) method. After energy
performance simulation, global sensitivity analysis was performed by the regression method.
DesignBuilder, Simlab 2.2 and JEPlus were used in this process. Results: The most influencing
variables are SHGC, SHGC and VT for heating, cooling, and lighting, respectively. However, the most
influencing variable for total energy demand is WWR(Window to Wall Ratio). The analysis was

conducted based on the coefficient of variance results. Implications: The six envelop design

variables were ranked according to the end-use energy demand.

Keywords
= " of

1. Introduction

THHQ 7=zt goto| thSotr| fIsto] UM =
2030E K| 2AITFA HIZEMAX|(851EHDHE) CHH| 37% U=
g oKX AHE™ ZAF Z21HE HHE
o= oA 2| B 2H7tA AF YH JjHS flet 7|
ZA=2E MSotn ACHMOTIE, 2015a). HE FEHME £
5| OAX|0|8 2al=tol w2l Zk 2000toe 0|4 CAH
d5ES HUHXAEE HDYH=Z XFSA2H, 0|2
=2 FEot 225t ok = F2 & SR
7t ERIEAY O X|AHE 2H(364.0x10%cal/m’) 2 2
x10%kcal/m)0f O|0f & HRj=Z Riom, A7t Cheld=

s i
SHEES 4HD, 2 BE

* Graduate Student, Department of Architecture, Ajou
University (Primary author: tem1541@ajou.ac.kr)
** Vice President, Professor Ph.D, Department of architecture,
Ajou University
*xx Associate Professor, Ph.D, Department of architecture, Ajou
University (Corresponding author: kss@ajou.ac.kr)

Envelope design variables, Energy demand, Sensitive analysis

gelo gAex, duXesE, UdE 24

g OHXIAE R £t o E ez &2 LR
QUCHMOTIE, 2015a: 650-731). £3| Lz A
St SRS oA K70
M ol MH|AS EE
2012: 29), 2tXto|
o= X3 2
Et 8= H=0f HI9

=29l g% 0|2g
Design Guide for Large

M
gt
o

ki
[~
mjo 0
[N}
N
=
[~
=

x

J

HiT
i)

| 5835t7] =0 (Choi,
£ ot =2l o= 7[7] AHE 2
71719] 7ts S22 Qlsk
X|AHEO| BE 5o gict
A2 12{8}0] Advanced Energy
ospital(ASHRAE, 2016)1t Z+2 o
X B&2 flet 4542 710| =212l M| S3til, BREEAM,
LEED, CASBEE & T2t RS QASHEMME HRAS E
L2 FE51Y QE5t {ACkYoon, 2016). BFHH = L0 A
= &8 8kt otd =ZH 90| HEO|HX| B 7I0|=
SO| HAIEO A =MAZ ISHZME "1 5
Oh, 2016; Yoon, 2016) H2l
of EMof et na7t BEsk AFo|Ck whaty Lo

o R
oirﬂm

. 21

[ U T

40 Hu

I

]
0

Mo mx re
Hu
A
=il
m
<2
=
i)
rir
on

=2(233 15 20174 38 7



et ASOHX| 2 Yeto] D&/ 0{of
=

7|E AFoME SHIALEO E ofHX|aB S8 Ee
= ]

Y

1o
ot
0%
K]
2
)

of e ofLx| 2Hof

H7KChoi, 2012)2} HE &

(Sim, 2015) S0| /UUL}

= =
AS0| 3 HTN BuRY o

o
2

st d(Cho, 2015; Sohn, 2016; Moon,
2015)50| F=Q5tA TH

=900, %7 S0l A7
o T2 WAl Cielol XY A
foll (2 kst B mE

E
gLt 74%°I O1I'—JI7<I*HI e

= A ojH|g Ol %'\Eh
ojof & AFoME ofHX| E&E n2fe G U=A
2E8E 7 UEE, 4 AEEEE oHAXeT0 Sgs 0
e F2 om 2ARLSS EE5t0Xt Sttt 0| 23l &
SHY A0 U0 YCHFHoZ Chtet Qm HAH Q0] A=
50, =t 80 meh YHIPE S| BESL Vst 8
SEE ez Qo 24247t dHX| ek ojX= &
HE=E 2M5AT
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[Figure 1] Schematic workflow diagram for analysis
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2.1 Description of modeling in DesignBuiIder
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[Figure 2] Feature of ward area for evaluation
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[Table 1] Monthly min. and max. temperature data

T‘(inc")p' JAN|FEB [MAR|APRIMAY/JUN/| JUL |AUG| SEP|OCT|NOV| DEC

Avg. |-2.2|-0.3| 4.8 |10.8]15.8|20.5|23.6| 25 |20.8/14.5| 7.6 | 1.2

Min. [-9.9|-9.4| -5 |3.1|9.4 |13.6/17.9|19.7|10.7| 1.5 | -4.2 |-11.7

Max. | 8.7 {10.213.322.5|24.7|31.3|32.6/32.2|28.9|23.5{ 16.5 | 11.6

[Table 2] Description of simulation condition

Parameter Value

Location Incheon (37.5°N, 126°E)
Lighting density 9.36 W/m?
Lighting control Stepped control
Equipment level 7.21 W/m?

Occupancy 0.054 people/m2

HVAC system Ideal load system

Set-point temperature Heating: 21°C, Cooling: 25°C

Infiltration rate 0.05 cfm/ft?

Min. Outdoor Air 2ACH
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[Figure 3] Occupancy, lighting and equipment schedules

2.2 Input variations

[Table 3] Range and distribution of the 6 variables

No. Variable Range Unit Distribution

X1 | Orientation | -45 to 451 | angle

X2 WWR 30 to 70 %

X3 SHGC 0.35 to 0.65 - )
Uniform

X4 VT 042 to 0.78 -

X5 Uwin 0.8 to 1.5 | W/mK

X6 Unal 0.15 to 0.26 | W/m’K
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[Figure 4] Difference between local and global sensitivity

2) WWR : Window to Wall Ratio
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3. Result and Discussion

3.1 Evaluation results

JEPlus v.1.6.32 Edll ==& EnergPlus sijAd A= A2
L0 mat g, d, 28 oiXeFEez FE5t
Of EAotUn, 100742 ANE oF =0f Hwmdst7| 2[5 |
A/2|0) % 4294 AE ZIIS HIYOR REE BMY

Ct(Figure 5).

=

900

CV=2.0%
800

v @ ~
=} S =)
S 1S3 S

(MJ/m2yr)
5
S

CV=4.8% CV=8.9%

E% CV=0.4%

w
=3
5]

~
1S3
S

=
1<)
S

Heating Cooling Lighting Total
[Figure 5] Energy demand and coefficient variation(CV)

results by end-use
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[Table 4] Ranking of 6 variables for each end-use energy demand

Heating Cooling Lighting Total

Rank Variable SRRC | Rank Variable SRRC | Rank Variable SRRC | Rank Variable SRRC

1 SHGC -0.705 1 SHGC 0.760 1 VT -0.764 1 WWR 0.709

2 Uliiy 0.502 2 WWR 0.543 2 WWR -0.573 2 SHGC 0.527

3 WWR -0.156 3 Uwin -0.107 3 SHGC -0.055 3 Uwin 0321

4 Uwall 0.135 4 VT -0.047 4 Uwin 0.025 4 Uwall 0.121

5 VT -0.014 5 Uwall -0.034 5 Uwall 0.022 5 VT -0.112

6 Orientation 0.003 6 Orientation | -0.032 6 Orientation 0.010 6 Orientation -0.004
= ol X|of| Chet =8 dAe4s H2o YAMESH S EEEACE =Y o|HX|2] 4L F OfLfX| CHH| 24.9%2] H]
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[Figure 6] Heating, cooling and lighting monthly results for
base model
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[Figure 7] Frequency of total energy saving percentage as
compared with base model

MY =R S HIYOR 10071 #H0|A2 & ofHX| H
St 0.0%5E{ Z|C] —4.1%71X| 687} 7|

7t 2 2apt AR, 3271 HolAE JIEEE CH|
O|{X| @ 720| O A LIEFHCHFigure 74, O K] ZtA &
ap7F AAE H21 1071 HIOIAQP g2 X270l T
7tet 5t9| 1071 Ao|x9| Ha== 8l Alb= [Table 6] &
[Table 7]1f ZCh A A EF AHE M 2, H oHX|
of & o HX[of DX 2u ZAKea0 F2 HHfl A

2 b

4) [Figure 5]°| BZE2 7|EZE CfH| ofHX| B=E HIE%E
LIEtH He =, () #=27t 2 217t s ER0H (+) #=
=2 CiH AR TE0] 2 FROICh

M
21

12 oz

mjo

S S 9§

AT

OE ZEL[UCE HE ol4X|Ql 29 2
g o4 X|ofl= Y2 O[X|X| Rt e l—h =1 01ILJI
X0 B5F FR3t 24021 SHGC= F7K t
L, Wk o X Btk 45EE EMI% 21 QU 7é
P‘*OE & 01|L1X|8-?LE*01| 7t FR5HA dEgg 0/k|e
£ WWRE L}EFSICE
0|E13J EMZANE HEOE [Table 6] 8! [Table 7]2| #[0]
= £ MmEH, A5t 1O7H9I Ao|A & WWROf|
of Helst Xto|E 20| UCt 429|el AHo|AE 50% O|gt,
?lo| HO|AE 55% 0|4 ZZO|RACE 3k SHGCE CiM| 2
otel Ao|aTt 2 U2 ZJJ_ AR
B 06422 o9 0.56%CH 2 HE o
Ofl4X|of CHe 392 03219 BILUEE
4 CjH| 25 22 HO|UOLt, &9 A
HA 1.03 WmKZ o 243 %
A9 AHolAEC BxY oK BYE2 4
-5.16%, 0.30%0|0, 52| #H0|ASO| A
2043%, =% -0.10%= LtEtLICt Znt
7t 2 HIEE KX e o] =
ot WWRE ZAA|IZ|HA oI HAMs
E o4 X| MZof ZatEo|
HUS 2loh SHGC X WWRE B7HA|7|& 42, et ofHX|
Hzhof Hlslf 32 L X7t 3AH B7t5t0] B of K]
ZHOM S2|ot Ao 2 BA /AL CiEH &9 1071 Ao|A

+>

Ol UyinQ| A< Ul

7}t

b
_'r_
ot
2 0
o
z

_'EJ_-'Z
R
o ot
glr|r

>
+ %
¥0

T
;'gg
R e

N

un rr
&
rlo
N

or mA
o

[>
10
n
ne
0x

0
0
LT
r =
m
3
a
°
=)
2
i

or I3

g -4.32%,
-9.16%, ‘A4t
2 % olux 3
M50 SHGC

52, VIS 5

= Y ([P

o

-

I_
12 Ho
[¢]

N
J m|0

mjo O

Al

2

r;sz
|0 o

ofAf =toleh = RARO0|, WWRO| 548 & o|HX| 2&E
O 2 A2 otHAcn, §Est WWRS FX|5HEHA 1 &t
of dARAE =YL EM FSF2| oA B Lot
Azl80| 758 Aoz FEHEICH

M WWRO| CHsli ASHRAE(2016: 115)0|A= 40.0%E A
wota QloLf, HSF= oHYE T-32+ T-10 #0j&~ ZIHE
H W82 Q= [If WWRO| 40.0% O|AO|2} st = &S9O Et
Y5 NS Sl FAR OlHX| 458 #= A2 &5
E|RACE £ BH9| 1071 AHO|A & X2~ WWRS = B-71t
Z|of WWREI B-9 AHO|A9| B2 Al Qm|ef HEYSs U
SHGCO| &S Z WWRO| 69.3%91 B-9 #0|A9| OfHX|Q
T0|  EQUCE Ol= WWRO| JARSE 7[&EZE(50.0%),

A%
T-3(48.3%) % B-
Ch 2 gfoil T-
ool x| =
St = UAe=

Q|| **71I a9 E's*afoﬂ EEkEf %7*% HO|lz - ol
sk Q401 VT, WWRO|

(55.0%) #HO|A HIE SSHME & £
|0|A= WWRE 30.7%22 MHSOZ M,
| 5H 7§;o+ SHGCZ Olsf| Het of L X| 7}

o x 4

0Q N
gl
o
e
E
El
30
ul

HBHO| = +10% O|LY2 Sotn UCt & 70| B Ci4
% OIERESel 1Y BEII ohl TUCournard
20| 38370 RHAMTS R + UL OIE Y52 ¥

S5 ofHx| BY 2u 2Hex EF



[Table 6] Top 10 cases for total energy saving

Ranking |Orient.] WWR | SHGC | VT | Uuin | Usal Energy demand (MJ/m’yr)
Heating Cooling Lighting Total
Base model| 0 | 50 | 050 | 0.60 | 1.50 | 0.26 | 308.99 | 0.0% |266.27 | 0.0% | 18867 | 0.0% | 763.93 | 0.0%
T-1 298 | 351 | 040 | 050 | 0.83 | 018 | 295.00 | -4.5% |247.22 | -7.2% | 190.24 | 0.8% | 732.46 | -4.1%
T-2 44 | 415 | 041 | 072 | 100 | 020 | 29944 | -3.1% | 24841 | -6.7% | 18848 | -0.1% | 73633 | -3.6%
T3 10 | 483 | 043 | 075 | 0.87 | 019 | 29076 | -5.9% | 258.34 | -3.0% | 188.06 | -0.3% | 737.15 | -3.5%
T-4 185 | 375 | 044 | 047 | 080 | 0.25 | 29519 | -45% | 251.77 | -54% | 19022 | 0.8% |737.18| -3.5%
T-5 175 | 309 | 057 | 077 | 103 | 0.17 | 287.15 | -7.1% | 261.53 | -1.8% | 18867 | 0.0% | 73735 | -3.5%
T-6 | -140 | 302 | 040 | 074 | 139 | 021 | 31419 | 17% | 23426 |-12.0% | 18898 | 0.2% | 737.43 | -3.5%
T-7 52 | 307 | 0.59 | 049 | 0.90 | 0.18 | 28059 | -9.2% | 266.71 | 0.2% | 19048 | 1.0% | 737.78 | -34%
T-8 | -200 | 329 | 036 | 066 | 146 | 016 | 31402 | 16% | 23532 |-11.6% | 18931 | 0.3% | 738.65 | -3.3%
T-9 | -101| 353 | 056 | 0.55 | 093 | 017 | 28207 | -8.7% | 267.80 | 0.6% | 189.61 | 05% | 739.47 | -3.2%
T-10 | -131| 405 | 046 | 073 | 1.07 | 020 | 29817 | -3.5% | 253.71 | -4.7% | 188.37 | -0.2% | 740.25 | -3.1%
Avg. | -0.20 | 3629 | 046 | 064 | 1.03 | 019 | 29566 | -432 | 25251 | -5.16 | 189.24 | 030 |737.41| -347
[Table 7] Bottom 10 cases for total energy saving
Ranking | Orient. | WWR | SHGC | VT | Uwin | Uwall Energy demand (MJ/m2yr)
Heating Cooling Lighting Total
Base model| O | 50 | 05 | 06 | 15 | 026 | 30899 | 0.0% |26627] 0.0% | 18867 | 0.0% |76393] 0.0%
B-1 273 | 681 | 065 | 0.68 | 1.20 | 026 | 274.88 | -11.0% | 339.26 | 27.4% | 187.73 | -0.5% | 801.88 | 5.0%
B-2 241 | 686 | 063 | 065 | 116 | 023 | 27314 | -11.6% | 334.18 | 25.5% | 187.84 | -04% | 795.16 | 4.1%
B-3 322 | 636 | 063 | 050 | 097 | 022 | 26615 | -13.9% | 336.89 | 26.5% | 188.80 | 0.1% | 791.84 | 3.7%
B-4 315 | 578 | 064 | 043 | 1.13 | 025 | 276.08 |-10.7% | 325.73 | 22.3% | 189.58 | 0.5% | 791.39 | 3.6%
B-5 409 | 608 | 0.63 | 0.67 | 0.85 | 025 | 266.20 | -13.8% | 335.75 | 26.1% | 187.99 | -0.4% | 789.94 | 3.4%
B-6 429 | 676 | 054 | 065 | 110 | 023 | 28913 | -6.4% | 311.53 | 17.0% | 187.90 | -0.4% | 788.56 | 3.2%
B-7 439 | 550 | 061 | 046 | 113 | 022 | 28118 | -9.0% | 317.87 | 19.4% | 189.40 | 0.4% | 78844 | 3.2%
B-8 06 | 644 | 062 | 0.54 | 136 | 024 | 28242 | -8.6% | 31596 | 18.7% | 188.53 | -0.1% | 786.91 | 3.0%
B-9 378 | 693 | 047 | 048 | 121 | 026 | 30459 | -1.4% | 28942 | 8.7% |188.75| 0.0% |782.76 | 2.5%
B-10 | -253 | 646 | 055 | 0.57 | 127 | 024 | 292.90 | -52% | 300.04 | 12.7% | 188.33 | -02% | 781.27 | 2.3%
Avg. | -231 | 6398 | 060 | 056 | 114 | 024 | 280.67 | -9.16 | 320.66 | 2043 | 18849 | -0.10 | 789.82 | 3.40
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