FRERTIEELE LT AL

LSRR S T RAITE IERIZFAY
FiasEL ([

FoE o B

% % % NSC 99-2221-E-041-018-

o f B D 99& 087 01 A% 100# 07 310
o ERFEpEATRATEFR)

Eall SN = S Y 4

S N L) 4

B %’;Q’@Aﬁ : _‘g}ﬁl__;q\,;rpémkﬁ =l }
S FeAEr QRN U1 AR N e 5 %
A B4 EHEAR P A
SRS (e -E PO IR Ne A
H —aL FEsIE A o RiFd
Hu - izphm@ L B o RE 2

fe B30 AP EHEERAEUOTEMAR 2 ELT 2R A5

o= A R O100# 107 12 p



EE £

IR LT AR R ST T ENVLOAD T e (AN NSC 94
—2218—E—041—001— ), W UIRSHRSEIE- LY P (REARER - NSC 97— 2221—E—
041—019—) ° iTI’F 11‘"%&*]‘ TERE F <R (EUL, energy use instensity, kWh/m’/yr) >
,’&F‘ﬁ*“JFq b ES*‘[‘P@% FERE 295 ~ BV HERE 238 ~ — 4EIFEE 186 B | #“I 144 > Fﬁmﬁ
gt {“ﬁJ;E—??F W”F{ EIMWh)ES 26 ~ 24 ~ 159 > Fhf TIELZE RIL I/F SRR CEED Jr:J[FF[
SRR 4% - frE'F—Tsnﬁ’Tﬁﬁzui%ﬂ%‘@raﬁ‘ » LT e SE I W SRR
g R et % BUI FEIRR © [ IR B UL EG M@ R SEE IR ~ iR
RERLF R T HEER ) gummwwt U7 ) L ALY SR adjusted R 928
& .612, both singnificant .000<.01) > %‘ﬁﬂﬁ’yﬁﬁfﬁ: LA IFIEFH IV EENT f’ M TFREAE T
Y~ EEE ST e ﬁfﬁ'ﬂﬁjﬂ%ﬁ'?ﬁﬁiiﬁﬁi’Eﬁ@fp °

B 4e 1 EAEE A S AR RS S AR S AR 3R EUD -~ iy

Abstract

A study on energy performance of hotel buildings in Taiwan

The study aims at discussion of energy performance in hotel buildings in Taiwan. Energy
consumption data, building information and other operation data were collected from 45
internation tourist hotels, 19 standard tourist hotels, 116 hotel enterprises and 20 home stay
facilities. The energy use intensity(EUI, kWh/m?/year) of the four rating hotels are 295, 238, 186
and 144, which are equal to 93, 75, 59, 46(kBtuh/ft2/year) respectively. Mean energy
consumption per guest room(MWh/room/year) at four rating hotels are 26, 24, 15, 9. Electricity
dominates the total energy consumption, which accout for 84% of total energy in average.
Pearson correlations between EUI and possible explanatory indicators revealed that some
building condition, operation and other factors are significant. 2 regression models were
estabilshed to predict total energy consumption and EUI, such as gloss floor area, number of
quest rooms, occupancy rate and building construction year were selected as independent
variables, the coefficient of adjusted R?is 0.928 and 0.612, which should be reliable. Finally,
some suggestions based on this study in order to improve hotel energy performance were

proposed.

KEYWORD: Hotel buildings; Hotel energy performance; Energy consumption; Energy use
mtensity(EUI); Occupancy rate
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.1 Average energy consumption for hotel buildings worldwide, kWh/m*/year

Country or region Energy use intensity Source Additional remarks

(data for the year) (EUI)(kKWh/m?/year)

Canada (1994) 689 [6] 19 hotels(located within Ottawa)

UK(1994) 715 [7]

USA(1995) 401 [8] Cited

German(1993) 239-300 [9]

New Zealand(2000)  159(hotel) [10] Samples distribution:
83(bed and breakfast) 30(hotel),
69(motel) 22(bed and breakfast),
171(backpacker) 20(motel), 35(backpacker)

Hong Kong(1997) 542(147-981, std.=203) [11] 36 5* hotels

Hong Kong(1994) 406(250-844) [12] Electricity use only

16 hotels(quest rooms between 216
and 862): 5%(9), 4*(4), 3*(3)

Hong Kong(1995) 563(297-936) [13] Same with front samples
Hong Kong(2000) 342 [14] Electricity use only
17 hotels
Singapore(2008) 427(265-592, std.=96) [15][16] 29 hotels(quest rooms between 32
and 1200): 5*(11), 4*(13), 3*(5)
Hellenic(1994) 273 [17] 158 hotels with 140 in Athens
Vietnam(2000) 4*=141(80-237) [18] 50 hotels: 4*(9), 3*(25),
3*=143(41-426) 2*(12),resort(4)

2*=101(26-271)
resort=78(9-165)

USA(2008) 274(47-946) [19] Hotels and motels

Tunisian(2002) 171-372 [20]

Turkey 389(129-646) [21] Electricity use only

Antalya(2005) 32 hotels

UK Poole(2008) 213 [22] 2 hotels

Spain(2003) 4*=179(std.=28) [23] In the Balearic islands
3*=129(std.=24) 31 hotels: 4*(11), 3*(20)

Mediterranean 174-287 [24] 4 hotels

countries(2003)

UK(2009) 368 [25] Simulation, 2 hotels(representative

of 67% of hotels in the UK.)
Europe(2004) Hilton=364(129-859, std.=149) [26] 73 hotels(Hilton)

Scandic=285(124-568, std.=94) 111 hotels(Scandic)




% 2 Statistical summary of electrical / total energy percentage breakdown

Electrical / total(%) Maximum Minimum  Average Median Standard deviation
International Tourist Hotels 98 48 83 84 11
Standard Tourist Hotels 96 22 86 91 17
Hotel Enterprises 99 56 86 89 9
Home Stay Facilities 95 58 82 84 10
70" [ = Total Energy Consumption(BWh) 1 80
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ﬁiﬁ‘l' 1. Monthly total energy consumption of all samples investigated, mean outdoor temperature

and mean occupancy in 2010.
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% 3 Summary of the data collected from surveyed hotels in year 2010

Average
No of

No of No of Room Total  No of Guests  Energy

GFA(m’) Con building Occupancy
Hotel(n) rooms workers Rate Revenue inyear 2010 (MWh)

(n) year(n) stories Rate(%0)(n)

(n) ) (n) (USD)  (USD) (n) (n) (n)
(n)

<10000(7) =1969(7) =199(6) =9(13) =199(11) =499 (3) =99(19) =6999(6) =99999(11) =4999(13)
~2000009) ~1979(6) ~399(27) ~19(19) ~399(24) ~59.9(5) ~149(16) ~14999(16) ~149999(16) ~9999(16)
~30000(8)  ~1989(8)  ~599(7) ~29(11) ~599(5) ~69.9(16) ~199(8) ~29999(15) ~199999(11) ~14999(12)
Internation ~40000(7) ~1999(14) =600(3) =30(2) =600(5) ~79.9(12) =200(2) ~69999(5) =200000(7) =15000(4)
al Tourist ~50000(11) =2000(10) =80(9) =70000(3)
Hotels(45) >50000(3)
Avg: 30946 Avg: 1987 Avg: 325 Avg: 17 Avg: 326 Avg:70.1 Avg: 119 Avg: 22245 Avg: 139918 Avg: 8668
Max:117484 oldest:1956 Max: 856 Max: 45 Max: 860 Max: 89.9 Max: 228 Max:91637 Max: 327045 Max: 31978
Min:5258 newest:2009 Min: 76  Min: 5 Min: 80  Min: 35.5 Min: 53 Min: 4124 Min: 29081 Min: 1587
<10000(2) =1979(2) =99(2) =9(12) =99(2) =599(5) =99(15) =6999(5) =49999(2) =4999(12)
~20000(10) ~1989(5) ~199(3) ~19(13) ~199(12) ~69.9(8) ~149(2) ~14999(11) ~99999(8)  ~9999(5)

Standard
Touri ~30000(3) ~1999(7) ~299(14) ~29(3) ~299(4) ~79.9(3) ~199(2) ~29999(2) ~149999(9) ~14999(1)
ourist

>30000(4) =2000(8) =30(1) =300(1) =80(3) =30000(1) =15000(1)
Hotels(19)

Avg: 21747 Avg: 1991 Avg: 207 Avg: 14 Avg: 181 Avg: 64.6 Avg: 89 Avg: 11384 Avg: 94651 Avg: 5175

Max:61669 oldest:1965 Max: 288 Max: 34 Max: 470 Max: 83.6 Max: 178 Max:42411 Max: 149740 Max: 16986

Min:5021 newest:2008 Min: 78 Min: 6 Min: 34  Min: 30.6 Min: 47 Min: 1421 Min: 19240 Min: 1208

<3000(75) =1979(43) =49(85) =6(25) =19(35) =49.9(85) =74(74) =699(75) =9999(75) =499(74)
~10000(34) ~1989(44) ~99(29) =9(48) ~49(49) ~59.9(15) ~99(38) ~1499(22) ~19999(23) ~999(21)

Hotel ~20000(5) ~1999(21) ~199(10) ~14(45) ~99(20) ~69.9(9) ~124(4) ~2999(12) ~29999(12) ~1999(15)
Enterprises >20000(2) =2000(8) =200(2) ~29(8) =100(12) =70(7) =3000(7) =30000(6) =2000(6)
(116) Avg: 3521 Avg: 1985 Avg:45 Avg: 10 Avg:39  Avg:483 Avg: 71 Avg: 1041 Avg: 11971  Avg: 658

Max: 26044 oldest:1962 Max: 300 Max: 23 Max: 198 Max: 83.5 Max: 122 Max: 8622 Max: 74353 Max: 6210
Min:472 newest:2008 Min: 8  Min: 2 Min: 5 Min: 33.3 Min: 41 Min: 110 Min: 2270 Min: 59

Home Stay Avg: 326  Avg: 1983  =5(20) Avg:3 Avg:7 Avg: 445 Avg: 69 Avg: 224 Avg: 1957 Avg: 47
Facilities =~ Max: 454  oldest:1963 Max: 5 Max: 10 Max: 60.2 Max:92 Max:369 Max: 3335 Max: 127
(20) Min:120  newest:2007 Min: 1  Min:3  Min: 33.2 Min: 51  Min: 89 Min: 1560 Min: 18




% 4 Statistical overview of the energy consumption indicators in the hotels investigated

Total energy per

Total energy per Total energy per .
ayp ap guestroom-night,

Satatistical Data of Hotels(n) unit area, EUI, guestroom,

Total energy per
guest-night, Kwh/no

kWh/m?/year MWh/room/year )I:Wh/(no Of* of guests
room*occupancy*365)
International Tourist Hotels(45)

Average 294.9 25.9 102.2 59.3
Maximum 712.1 54.1 171.1 106.1
Minimum 191.0 11.6 52.5 23.1

Median 272.8 25.1 92.7 60.7

Standard deviation 86.5 8.7 30.4 18.7
coefficient of variation 29.3% 33.5% 29.7% 31.5%
Standard Tourist Hotels(19)

Average 237.7 23.9 101.1 50.3
Maximum 375.8 59.0 205.4 113.4
Minimum 159.3 12.1 50.3 23.4

Median 228.7 17.5 86.1 40.9

Standard deviation 51.9 13.3 47.2 23.4
coefficient of variation 21.8% 55.5% 46.7% 46.5%
Hotel Enterprises(116)

Average 186.3 15.3 86.2 52.0
Maximum 382.9 34.5 194.7 108.7
Minimum 89.7 59 42.4 18.0

Median 175.0 15.0 81.7 48.7

Standard deviation 60.0 5.9 27.7 20.9
coefficient of variation 32.2% 38.5% 32.1% 40.1%
Home Stay Facilities(20)

Average 143.6 9.4 57.6 21.1
Maximum 317.3 25.5 116.6 52.1
Minimum 94.64 4.9 21.5 8.7

Median 128.9 8.6 51.2 21.1

Standard deviation 56.1 4.7 23.2 10.4
coefficient of variation 31.2% 50.0% 40.3% 49.3%
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The pearson correlations of secondary energy drivers for energy use and energy use intensity

. L Pearson correlation
Variable name Description

Energy consumption EUI

GFA Gross floor area 0.921" 0.165"

STORY Number of building stories 0.684" 0.252"
CONYEAR Building construction year 0.236" -0.151
RATING Hotel rating 0.738" 0.415"
ZONE Hotel location district -0.258"™ -0.265"
ROOM Number of guest rooms 0.925" 0.296"
GFARM Gross floor area per guest room 0.508" 0.006

PTDINING Percent of GFA for dining facilities 0.140" 0.133

PTRETAIL Percent of GFA for retail shops 0.148" 0.125

OCPRATE Yearly occupancy rate 0.638"" 0.712"
ROOMRATE Average room rate 0.465" 0.623"
ROOMRVN Room revenue 0.918™ 0.282"
F&BRVN Food & beverage revenue 0.818" 0.2617
TOTALRVE Total revenue 0.854" 0.270"
WORKER Number of workers 0.901" 0.315"
WORKERDST Worker density -0.039 0.132

GUESTT Number of total guests 0.929" 0.321"
GUESTFIT Guests of foreign independent tourist 0.860" 0.250"
GUESTGROUP  Guests of group 0.776" 0.322"
GUESTDMT Guests from domestic 0.488" 0.175"

GUESTSCHN  Guests from China 0.552" 0.183"
GUESTNA Guests from North America 0.849" 0.219"
GUESTJPN Guests from Japan 0.717" 0.340"
GUESTEU Guests from Europe 0.827" 0.234™

" Correlation is significant at the 0.05 level (2-tailed).
" Correlation is significant at the 0.01 level (2-tailed).
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%< 6 Multiple Regression Analysis of Energy Consumption and EUI

Dependent Variable: Yearly Energy Consumption

o ) Coefficient of ) )
Priority of  Coefficient of o R F Standardized
Determination F value )
Independent R ®) Change(AR) Change Coefficients
ROOM 925 .856 .856 1177.9 11779 263
GFA 955 912 .056 1016.7 124.0 474
ROOMRATE .960 922 011 774.7 26.6 .054
TOTALRVE 962 926 .004 611.4 10.4 161
OCPRATE .964 930 .004 514.5 10.3 .080
STORY 965 931 .001 436.4 4.1 .056
Dependent Variable: EUI
o ) Coefficient of ) )
Priority of  Coefficient of o R F Standardized
Determination F value )
Independent R ®) Change(AR) Change Coefficients
OCPRATE 12 506 .506 203.1  203.1 .657
GFA 748 .560 .054 125.5 24.1 =221
ROOMRATE 779 .607 .046 100.8 23.2 273
CONYEAR 187 .620 .013 79.4 6.6 -.120

Yearly Energy Consumption of Hotel (kwWh)

=—2196814 + 8982xNumber of guest rooms + 127xGross floor area(m®) + 236xAverage
room rate(USD) +0.0495xTotal revenue(USD) + 2901240xYearly occupancy

rate(%) ...... (1) R’= .928

Energy Use Intensity (kWh/m?/year)
=1630+373.76x Yearly occupancy rate(%) —0.00104xGross floor area(m®) +0.0246xAverage
room rate(USD) — 0.829xBuilding construction year(A.D.) ......... (2) R*= 612
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