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ABSTRACT KEYW ORD
: : P HAUHRE
Purpose: There have been more researches focused on eco-friendly construction practices in order to save energy Oj 4K 2294
consumed and these practices have been extensively applied for constructing buildings. However, researches on energy =12 A &
consumption saving and efficiency for hospital facilities have been still insufficient. This research aims to draw factors ~ M 27} A2 Z At

that affect energy efficiency of hospital buildings through literature reviews and perform an expert-survey using

AHP(Analytical Hierarchy Process) method in order to analyze the importances and priorities of these energy efficient
factors. Method: Using the AHP method, this paper suggests the importances and priorities of factors to affect energy

Hospital Building
Energy Efficiency Factor
Analytical Hierarchy Process

efficiency in hospital buildings. The survey of experts at a architectural design and a construction management  Expert-Survey

companies was conducted via e-mail and mail. Result: As a result, factors of window and door, insulation, ventilation,

and natural lighting turned out relatively important as respectively 0.104, 0.102, 0.101, and 0.095 n the energy ACCEPTANCE INFO
efficiency in hospital buildings, while factors of artificial lighting, geothermal, solar heat, and control did unimportant ~ Received Apr 27, 2017

as 0.027, 0.033, 0.043, and 0.053.
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Studying Literature Reviews

P Building Energy Reducing Factors

5B

Categorizing Energy Reducing Factors

» Hicrarchical Structure (Survey Form)

5 B

Selecting Practical Expert Groups for Survey
» Architects and Construction Managers

5B

Performing Survey to Practical Expert Groups

P Responses by E-mail and Mail

Drawing Survey Outcomes
P AHP(Analytical Hierarchy Process) Method

Drawing Energy Reducing Factors (Result)
» Ranking and Priority by AHP

Fig. 1. Study Flow Chart
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Table 1. Energy Reducing Factors on Designing Hospital
Applicability
Lit.1D | Lit.22 | Lit.33 | Lit44 | Lit.5% | Total
Solar Radiation O O 2
Einnl}l?gll_‘?yture and 0 0 5
Airflow
Green Space
Shape and Section
Design
Orientation
Layout
Space Program
Natural Lighting
Natural Ventilation
Solar Energy
Renewable Energy
Insulation
Window and Door
Air Leakage
Building Planting
Envelope
Awning

Factor

(@)

(@)

@)
@)

O] |0|0|0|O

O|Oo

Ol |0 |0/0|0

Ol|0|0| |O|0|0] |O0|0] |Of O
Rlwin(nnn|w|w lw|wo|—=w| &

AHP W& S W27 AZ2ARE Sloix z ]
7ta AR WrolA Aelskitt. diife & 194 Hehd 2 ¢
Fard Td, A3, AAAE, fFLeld ], &n] S& FEs5H]
AsiA A=, 71A, 27, AARYFEL 2 37 HrdleH, S
T ASFEOIA A, ofn], @, Fe, dAHE &, 7AIRE
oA G, A2H, Ao, Wb F2olA ZAAAFT 2, A
AR FZAA A, HYF 2 g D= Aot

Table 2. Categorization of Energy Reducing Factors for Survey

Level 1 Level 2 Description
Site [Eco-friendly site use, adjacent site use
Envelope (Green roof, window area ratio factor
Insulation Wall/roof insulation factor

Architectural [yindow and Door [Window/Door performance factor

Solar Radiation SHGC, louver, awning

Ventilation {a\ikrl—tllzaﬁlaoe oézrtl)tcl)lrateli(i)rrk:onditiolrrlliggranon,
Heat Source Fuel, device efficiency
Mechanical |System Heat exchanger, economizer
Control ?X/gtg;ﬁggtr(c)gn?gl)peraum control,
TR Natural Lighting [Natural lighting technique
Artificial Lighting |Artificial lighting technique
Geothermal Geothermal heat
%ﬁgfgyable Sunlight Solar power production
Solar Heat Solar heat production

D 22 9, A28 E I A4 AeollvA] A=k, A8 d+

2, 2009.
2) R AFATY, T 2 LY Jtol = A o] TRt A, oA e
T, 2012,

3) NREL, Large Hospital 50% Energy Savings: Technical Support Document,
2010.

4) ASHRAE, Advanced Energy Design Guide for Small Hospitals and
Healthcare Facilities, 2009.

5) ASHRAE, Advanced Energy Design Guide for Large Hospitals, 2012.
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Table 3. Scale of Pairwise Comparison

Scale Definition
1 Equal important
3 Moderate important
5 Strong important
7 Very strong important
9 Extreme important
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Criterion 4 Scale p Criterion
Architectural| 9 | 7 | 5 | 3 1 315 | 7| 9 | Mechanical
Architectural| 9 | 7 | 5 | 3 | 1 3051719 Lighting

. Renewable
Architectural| 9 | 7 | 5 3 1 3051719 Enerey
Mechanical | 9 | 7 | 5 | 3 1 {35179 Lighting

Mechanical | 9 | 7 |5 | 3| 1|3 |s|7]|9 |Renewabdle
nergy

s Renewable
Lighting O 75|13 |13 |[5|7]9 Encrey

4.2. 7VFA 243 4848 4%

£ 930 15 AL AHP 9 ol Bel o
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Table 5. Comparison Matrix of Level 1

(CI=0.0168) | Architectural | Mechanical | Lighting R‘g‘f:rvggle
Architectural 1 2586667 | 3115431 | 1962599
Mechanical | 0.386598 1 1537463 | 0.968541
Lightng | 0320983 | 0.650422 ! 1129831
Renewable | o509s28 | 1.032481 | 0.885088 1
nergy

o g o FE5Y 0%, 7
A, 9 B AAGRRAA FIsHERE A vlngEe) ghe
E 14 E 7Nt o] Uehton AmAAS EF 247
0.0303, 0.0005, 0, 0.02822 UetA Satty7b A|Qtet 2|4 o
$F 45 Ut W9 ) GolA AFHOR Aol Uty A
A% % Ut

Table 6. Comparison Matrix of Level 2 Architectural

(CI=0.030)| Site | Envelope |Insulation| W/D | Radiation |Ventilation
Site 1 1.259921 | 1.030853 |0.636773 | 1.44225 | 0.793701

Envelope |0.793701 1 1.200937 | 0.90856 | 0.727416 | 0.832683

Insulation | 0.97007 | 0.832683 1 0.890899| 1.414214 | 1.698381
W/D  [1.570418 | 1.100642 | 1.122462 1 1.321802 | 0.87358

Radiation |0.693361| 0.707107 | 0.707107 |0.756543 1 0.588795

Ventilation | 1.259921| 1.200937 | 0.588796 | 1.144714 | 1.698381 1
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Table 7. Comparison Matrix of Level 2 Mechanical

(CI=0.005) Heat Source System Control
Heat Source 1 00861299 1.085169
System 1.161037 1 1.149697
Control 0.921515 0.869795 1
Table 8. Comparison Matrix of Level 2 Lighting
(CI=0) Natural Lighting Artificial Lighting
Natural Lighting 1 3464102
Attificial Lighting 0.288675 1
Table 9. Comparison Matrix of Level 2 Renewable Energy
(CI1=0.0282) Geothermal Sunlight Solar Heat
Geothermal 1 0.557158 0.590384
Sunlight 1.794823 1 2.155229
Solar Heat 1.693814 0.463988 1

EollAe] vz a&S 9IeF &
@} , AR o] 47K =] tiet &
102} Zo] Z+z} 0554 0.171, 0.122, 0.1542 1}

BHgTh ol AA 5] F8E do] 10]7] gl 15, 714,
A ol 2wt A7 554%, 17.1%, 12.2%,

15.4% HlS& A= Ae 941110*4 74? 4 J|AFEo]
= ZAHE e ol AR %%*1}7} e FolA @4,
4 gl 8*7} vz &&

T2 JFE vA= Ao 1%6}1 glom Eh ¥
o

AURES oYz T&A

Table 10. Importance(X) and Ranking of Level 1

Level 1 Importance(X) Ranking
Architectural 0.554 1
Mechanical 0.171 2
Lighting 0.122 4
Renewable Energy 0.154 3

FER 9¥asel 4 929 FAEWE E 13 20 7
ZREO| g3 FERAA 2 240 ARA FoES AuH
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Q57 77.6%%0 AAAFo] 22.4%9] dFyZzPHL} oF 3HHUr
t Q3 g aAz Vet ooz /K‘le JH Lol A

219 21.5%, %3 49.6%, HFE 28.9%= YERFA kol
HAE o] &3t AN AES Zitoh= HYEe] M 58
o JF AR UENT

AHP 1ol ot tiiw d59 FaE(X)e TEF = 3
o FRE(Y)9] ghe Hote] 2 JFaae] A T4 T8
A

E@Q)E At 2 2= B 129 g ASFE F=
10.4%, @4 10.2%, 7] 10.1%, H3HF
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Table 11. Importance(Y) and Ranking of Level 2 AHP E4& 58 £ A9 A= a3 Zot
Level 1 Level 2 Importance(Y) Ranking (D) A%, 714, 2et3 2 AT F28 dafolA
Site 0162 4 L AZREO a5} 554%2 Y FaE dFas e
Envelope 0.149 5 W}
Architectural Insulation 0.185 2 P~ - ) o
chitee Window and Door 0.187 1 2) AZHEY FEF Og—c}:—g——/l\—(tﬂx], Qﬂ, %%, 7§'§_, A
Solar Radiaion | 0.135 6 A, B7) FANE BdT FERE Faws 47 187%,
ilati .182 _ _
Ventilation 0.18 3 18.5%% OF2 SJgFa A BT 203 202 e
Heat Source 0.356 1 B
Mechanical System 0336 2 (3) 7IARRY] FEF FFaa(FY, A2HE, Aol FolA
Control 0.308 3 E QYRR FRE7} 36.6%2 7MY F8 GFRAE e
L Natural Lighting 0.776 1 .
LIghting 7 ificial Lighting 0224 2 S ] )
o Geothermal 0.215 3 (4) A RZY FEF T IAE, dTxH)F
R - -
Energy | | Sulight 0496 1 AE AAANRR] FAET T7.6%2 ATEFFR F8
Solar Heat 0.289 2

Table 12. Composite Importance(Z) and Ranking of Individual

Factors
Level 1 Level 2 Importance(Z) Ranking
Site 0.090 5
Envelope 0.083 6
. Insulation 0.102 2
Architectural Window and Door 0.104 1
Solar Radiation 0.075 8
Ventilation 0.101 3
Heat Source 0.061 9
Mechanical System 0.057 10
Control 0.053 11
L Natural Lighting 0.095 4
Li
ighting 7 e ial Lighting 0.027 14
R " Geothermal 0.033 13
enewable -
Energy Sunlight 0.076 7
Solar Heat 0.043 12
5. 42
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