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Study on the elements affecting energy
consumption of general hospitals in Korea
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Abstract

Purpose : The purpose of this study is to analyze the elements that affect the energy consumption

of general hospitals in Korea. Methods : Factors affecting energy consumption in general hospitals

include facility elements and operating elements. The effects of these elements on energy

consumption of general hospitals were analyzed by statistical methods such as t-test, anova,

correlation analysis, and regression analysis. Results : Total floor area, number of operating rooms,

number of MRI, number of staffs, and number of outpatients can be said as useful variables that

can explain energy consumption in general hospitals. Implication : It is possible to save energy

consumption in general hospitals by adjusting major variables that affect the energy consumption

of general hospitals.

Keywords: General Hospital, Energy Consumption, Facility elements of general hospital,

Operational elements of general hospital
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1. Introduction

1.1 Research backgrounds & objectives
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2. Selection of survey items and target

2.1 Selection of survey items through case
analysis
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[Table 1] Cases of investigation (survey) or systems

Country Survey or system name Type

Commercial Building Energy Consumption

*
Survey (CBECS) !

Energy Star Portfolio Management system
us. | EsPM)

American Hospital Association (AHA) survey | 1

American Society for Healthcare

Engineering (ASHE)

Germany| Verbrauchsausweis 2

India | Building Energy Efficiency Star rating (BEES) | 2

Energy consumption survey 1

Korea | National integrated energy consumption

database L

* Case of building operation survey (including data collection)
** Cases in which operation survey results were used in the system

[Table 2] Type of survey item

Type Details

- Building name, address

- Building type (public, private)

- Survey respondents’ information

- Total floor area / Area for business activity
Wall/Roof/Windows thermal performance, etc.

General
information

- Type of service for business activity
(e.g. surgery, emergency center, etc.)
- Number of staffs, visitors, etc.

Operation and
occupancy

Equipments |- Equipment type for business activity
for business (MRI, CT, etc)

activity - Number of equipments for business activity
- Heating and cooling production
Equipment (system, source, control)

and energy |- HVAC, Hot water, Lighting system
use - Monthly and Annual energy consumption
data, Automatic control, etc.
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[Table 3] Specialized survey item of hospital

Equipments for

inf i . -
Space information business activity

Ratio of medical area (%)

Number of medical
equipments
(e.g. MRI, CT, etc.)

Space ratio for medical service (%)

Number of beds (licensed, operating)

Pool operating for rehabilitation [Y/N]

2.2 Preliminary survey
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[Table 4] Preliminary survey target
Hospital Number of Hospital Opening
name beds type year
S 580 University 1983
I 300 Public 1997
B 200 Private 2011
M 300 Private 2017
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2.3 Selection of survey target by stratified sampling
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[Table 5] Results of sampling by number of beds

100|200 | 300|400 |500 [600| 700 |800| 900

~ |~ ~| ~| ~ | ~|~|~| ~ [Total
200|300 |400 | 500|600 | 700 | 800 | 900 | 1000

Class

Population| 40 [133| 33 |36 |24 |16 |13 | 20| 8 |323

Planned

121421012 8 | 4| 4|6 2 | 100
sample

Surveyed
sample
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2.4 Selection of final survey items and
preparation of survey forms
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[Table 6] Survey items table

Category Survey item Category Survey item
Hospital name Main heating & cooling system
Address of hospital Main heating & cooling energy source
Survey respondents' information Hot water system & source
Built year, Opening year Type of HVAC system (central / individual)
1) General Hospital type (public / private) Electrical power system
information (contract demand, transformer)

Building management method

4) Mechanical &

Number of beds (licensed, operating),

Electronic (M&E)

Emergency power system

Hospital bed operation rate information (UPS capacity, emergency generator)
Total floor area, Total floor area above the ground, Lighting (application rate of LED in buildings,
Floors above the ground & basement, Total floors lighting control methods)
Ratio of medical area Transport (elevator, escalator etc)
Parking area in building BAS(Building Automation System) and
Ratio of cooking area EMCS (Energy Management Control System)
2) Architectural - - . .
information Exterior wall/roof/windows thermal performance &) Heating & Operating days and time of
Number of buildings in hospital ) Heating & heating & cooling system
Cooling operating
Laundry room in medical facility [Y/N] Heating & cooling set temperature
Retrofit history Total number of staffs, inpatients, outpatients
Monthly energy consumption 6) Operating Number of medical equipments
3) Energy information (MRI, CT, fixed X-ray, PET)
consumption : -
umpt Annual energy consumption Number of operating rooms
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3. Characteristics of energy consumption
in general hospitals
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[Table 7] Descriptive statistics & linear regression result _ continuous variable (N=48)

Average by

number of bed Dependent variable

Total energy Uil Gy

Category Variables freq |Average|100~300(300~500| Over : consumption per
consumption per
be bed |500 bed total floor area
year (MWh) (KWh/m)
N=30 N=9 N=9 Coeff. R2 Coeff. R2
Building use period (year) 48 21.1 20.8 254 17.7 -98.8 0.016 2.37 0.040
Total floor area (m?) 48 | 28,569 | 14,783 | 32,789 | 70,301 | 0.343*** | 0.850*** | -0.001 0.018
General Total floor area per 48 | 740 | 666 | 785 | 939 |180.6**|0284**| -0.968 | 0.036

licensed bed (m2/bed)

information = or of licensed beds (bed) | 48 | 3602 | 2258 | 4213 | 7470 | 360 | 0699~ | -0.074 | 0.013
Number of staffed beds (bed) | 47 | 349.0 | 2106 | 4080 | 7359 | 3594 | 0716 | -0.061 | 0.009

Bed operation rate (%) 48 | 833 | 827 | 81 | 858 | 785 | 0006 | -3.11 | 0.041

M&E | Application rate of LED in buildings (%)| 48 | 524 | 538 | 532 | 471 | -5801 | 0031 | -164 | 0.001
information Number of elevator (Unit) 48 | 82 52 | 102 | 163 |1,377%*|0782%*| -1.02 | 0.002

Number of buildings in hospital 48 24 1.8 34 3.6 | 2500*** | 0.249*** | -0.000 | 0.005
Roof thermal performance (W/mK) | 48 04 0.3 0.4 0.3 -3,120 0.001 3435 | 0.064
Architectural| Exterior wall thermal performance
information (W/mK)

Windows thermal performance | o |, g 26 24 38 | 8610 | 0288 | 18 | 0000
(W/m’K)

48 0.5 0.5 0.5 0.5 2,870 0.000 97.1 0.003

Total number of staffs 48 | 6609 | 3582 | 7947 | 1,536 | 147*** | 0.670*** | -0.004 | 0.000

Total number of
emergency room patients per year
Total number of outpatients per year | 48 |342,016|198,733 |366,074 | 795,566 | 0.026*** | 0.645*** | -0.000 | 0.013

48 | 21,945 | 15,183 | 25,741 | 40,687 | 0.350*** | 0.347*** | 0.000 | 0.000

iﬁg‘:r:]aat't?c?n Total number of inpatients per year| 48 | 86,552 | 42,786 | 88,468 | 230,521 0.061*** | 0.398*** | -0.000 | 0.001

Number of operating rooms 48 6.5 43 6.4 14 1,649%** | 0.624*** | 1.92 0.004

Number of MRI 48 | 16 12 17 27 |8125% | 0.504*| 226 | 0017

Number of CT 48 | 18 12 26 32 | 4586|0347 | -116 | 0.010

Number of X-ray 48 | 76 47 | 119 | 131 | 585 | 0.191* | 0.377 | 0.000

Total energy 48 | 9,800 | 4912 | 11,714 | 24,178 - 0.003 | 0.035
consumption per year (MWh)

Energy TOtt?)lt;nﬁcr)%yr ‘;fg;“(fm‘j;l)per 48 | 3504 | 3653 | 3564 | 3430 | 124 | 0035
consumptio Total energy consumption per
n 48 | 25851 | 32,834 | 28,382 | 31,998 | 0.437%** | 0.333%** -

licensed bed (kWh/bed)
Total energy consumption per
staffed bed (kWh/bed)
* p<0.5, ** p<0.01, ** p<0.001

47 | 27,506 | 23,407 | 27,852 | 32,484 | 0.370*** | 0.257***
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[Table 8] Descriptive statistics _

discrete variable

Category | Variable Type freq | ratio A(;\;egijgl*e
) Private 40 | 83% | 343.1
Hospital Public 8 | 17% | 4410
type :
General Total 48 |100% -
information Under 300 beds| 30 | 63% | 356.5
Hospital
size Over 300 beds | 18 | 38% | 364.3
Total 48 |100% -
Absorption | 4| 3000 | 3684
chiller-heater
Mai Steam boiler 11 | 23% | 370.3
ain
heating EHP 17% | 3427
system | District heating 10% | 316.7
Others13) 13% | 370.3
Total 48 |100% -
Absorption o
chiller-heater 19 ] 40% | 3735
Main | Absorption chiller| 11 | 23% | 3527
cooling
system EHP 11 | 23% | 3403
Others14) 7 | 15% | 361.8
Total 48 |100% -
Central 26 | 54% | 370.3
Individual 13 | 27% | 345.9
M&E HVAC Mixed 5 10% | 337.0
information No AHU 4 | 8% | 3610
Total 48 |100% -
Gas (LNG) 29 | 60% | 3635
Main Electricity 13 | 27% | 369.1
heating | District heating | 5 | 10% | 316.7
source LPG 1 2% 3294
Total 48 |100% -
Gas (LNG) 25 | 52% | 357.3
Main Electricity 22 | 46% | 369.1
cooling — - 0
source | District heating | 1 2% | 200.1
Total 48 |[100% -
Gas (LNG) 38 | 79% | 365.0
Hot Electricity 5 110% | 364.1
water | District heating | 4 | 8% | 3083
source LPG 2% 3294
Total 48 |100% -

* Average of EUl is Average Total Energy Consumption per Total

floor Area (kWh/m’)
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3.2 Analysis of M&E information

587 s 'S OHR| ALEEFOfl i3 78.2%2 28
Of ALt S7| =7k 10 B2+ WOtLE & oA X| AL
0| 1,377MWh B7I5t= A2 LIEIHCE

‘LD =3 HE'2 E¥ UM =% T LED =YO| H|ZO0
Ch oMo 2 Wl W ZFO| 52% Y= LED ZYE AHE
Stz Q2 LIEFHCE 'LED =Y H|8'2 O X| 221 B0t
sAHSZ Relolst 2AZF LIEFLEX] GERULCH.
Z A0 HE ofHX|ds Bl

S IfEH o2 FEOIAH, -0 wE THE A
A SYA'E LHFO 2Ets B '28YH 2R ZRIIY
Ct.

% (8%)
24 t Mol HTF

He X AFEE2 22} 370.3kWh/m’, 345.9kWh/m*

4.4kWh/m* BtZ XtO[7F QLOLt, Fo|=FE 95%0A S4|

o|ofgt xrom LIEFLEX] QfQkCH

|

°4=°| ¥2 UE g 445 ua

o
=2
>
rir
nx
C
pia
ofn
E
Am
0x
=2
B
Iu
Ot
i
H
i

=
=

o 0
Mo
|0

2
o N
N
Rl
rir
o L2

ob AL
RO o

ok x

tu

3

-
y e
mo

N

M

|o

tu

c M
F-E
e
o
=

T Hd AUAEG 0K AL
| 2 2 2{(370.3kWh/m) 0|, 7}&

OI
NI
§ oF
N
o
o

03
Hir
rlo
ro rC 4y

oo
(18
o & om

oL rlo
°

15) Q2 Hoj| what T2 30082 2 Tz 150 59
L, St EX[7t 7tsdtn Qzd el S5 =7 =OtEILt



= L
2 wiemg oA Aol 7P< e 2

(373.5kWh/m’)O| O, 7Hat 2 242 EHP(340.3kWh/m?)O|Ct.

Tl H Yoz EHPE AM8dHe YRS B ¢
HHY OHX| AFBEO| d2+7|E M83ts YRS ¥
o AUHY || ALE-Of HlE] RoLt fRolsE 95%0
M SAMSE {olOfeh Xt0|7} LIEFLER| GEQICE. '3 -t
[e: ] dC

ZEo OHE dEs0ME 23 TR0 ME Eo ABHG
Ol X AFB O] Fol=F 5% M SAXLZ [ol0loh At
Of7} LtEFLIX| QAQUCE.

L B ST | BT

[ FE)-

15000

10000
5000

mREds B R B

an

[Figure 1] Box plot_quartile of primary variables

[Table 9] Quartile of primary variables

Minimum| 1st Q | Median | 3rd Q [Maximum

Variable |freq)”™ ho, | 2596) | (50%) | (75%) | (100%)

TOtZ're‘;'loor 48| 4,951 |11,830| 20,067 | 34,752 | 136,674
Licensed | jo 1 100 | 222 | 290 | 428 | 965
beds
staffed 1 21 g5 | 207 | 272 | 414 | 996
beds

Outpatients| 48 | 1,752 |162,214|245,677 |419,184(1,591,851
Workers | 48 140 292 444 826 2,300

Elevators | 48 2 4 6 11 37
Operating | 4o | 4 375 | 5 | 925 | 19
rooms

MRIs |48| 0 1 1 2 4
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3.3 Analysis of architectural information
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