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ABSTRACT

Keywords: residential building, GGemission, Common Carbon Metrics, whole life
cycle

The environmental footprint of the building sectocludes 30% of energy use.
The building sector is responsible for more thae timrd of energy-related GHG
emissions and, in most countries, is the largess®ams source. In the past two
decades, COemission in Taiwan have increased rapidly, but eedbr forecasting
the future trend of COemission in the building sector are still insu#fiat. In this
study, the Common Carbon Metrics (CCM) proposedb§P-SBCI-WRI is used to
estimate annual COemission in the building sector in Taiwan. £@mission is
estimated using Top-down approach based on thgemensumption of residential
building sector from 1990 to 2010. Then, threeesiiTaipei, Kaohsiung and Yulin
are selected to survey the real £®@mission by using Bottom-up approach,
respectively. Finally, the framework for estimatitigg future trend of COemission
in residential building sector is developed. ThellR method is used to estimate
the future Business-As-Ususal (BAU) carbon emmissiof the residential building

sector.

In order to develop the CCM for estimating annu@,@mission in the building

sector in Taiwan, this project concludes that:

1. According to historical C&emmision in building sector during the period
of 2001~2010, it is found that 84.7% of G@&mmision generate from electricity

usage, and only 15.3% is from other fuel combustion

XV



1 &

2.  The building type has a significant effect ore t8Q emission in the

building sector.

3. The framework for estimating the future trend @D, emission in
residential building sector includes the histori€4D, emission database, the future
Business-As-Ususal (BAU) carbon emmissions estonathodel and energy-saving

scenario model.

This project comes to the immediate and long-terategyies.

For immediate strategies:

1. It is feasible to use the Common Carbon Metpesposed by
UNEP-SBCI-WRI to claculate annual G@mission in the building sector in

Taiwan.

2.  The ARIMA model proposed in this study can beduto estimate
the future Business-As-Ususal (BAU) carbon emmissiof the residential

building sector.
For long-term strategies:

1. The framework for estimating the future trendQsd, emission in
residential building sector proposed in this stueed further demonstration
for validating the accuracy and applicability ofstimodel. It is necessary to
investigate real COemission in the building sector by the Common Garb

Metrics.
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6 Method 1. Top down approach. Data input.
This approach calculates the performance of the Whole based on high-level data on patterns of energy consumption, area and occupancy.
Note there may be several sources of energy serving the Whole, and relevant energy information may be obtained directly from local power
providers, electrical or gas utilities, or, where such information is not available, from permit records or energy reporting programs. These
providers may also be able to identify how much energy has been consumed by different categories of building types (residential, non-
7 residential, etc.).
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You must first complete this method before benchmarking the performance of individual building(s) against the Whole using the bottom-up
9 approach
10
11 @ Characterise the Whole
13 What is the total area of the Whole, in m*? 100000
14 What tier of accuracy best describes your data on area? Measured
15 What is the total occupancy of the whole, in number of occupants? : 10000
16 What tier of accuracy best describes your data on occupancy? Measured
17 Can these data be broken down by specific types of building categories? Yes
|18 Can the data on area be broken down by age of the building stock? No
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Mg~ B E (2010) 5 B0 i3 2 AP e i AR S i
FPRA A EOEALL R AT A LAY AR S EET Y a0 RE A S
BRTACTHNEALNFEFTA FE REVEPEAL L FA EUl A
AT RAME O RBEAYRZFFRLSAAULE A F KR PEE
Rl pRENEUIZ R P00y i fgp AR AT %A EUI
T ok (dok 3-6 3 % 3-10) 0 $ A f4e i A HEE IR OTHRLER o E-L

sts

DOE #= T f#47 & s A e L) 0 AR ¢ i A0 EUL 1R -

% 36 2EyEHYTEUl kB R EF £

15 EUI mAE w/IME
NSRS TR

(kWh/m2yr) |(kwh/m2yr)|(kWh/mZyr)

b5 U P i RE 292 122.47 425.52 28.80
INRIEERRMR A FT (ATSE T AP 540 76.50 278.30 24.30
1T B B Pt e 302 141.72 446.86 42.16

VR LN 20 124.92 230.74 82.26

N

e A L NN 96 205.52 566.97 110.89

(FA %R : e« HERLE (2010))
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£37 tF R PHEU kEREL

g EUI BAE &/IME

BHEESEERSE PARIILE TN
(kWh/m2yr) | (kWh/m2yr) | (kWh/mZyr)
Y0095 ) 15 525.20 635.00 415.00
TR0 (96 ) 12 205.90 298.00 35.20
BHE/\E(95 F ) 80 457.40 520.00 395.00
HE/NE] (96 FE) 48 382.70 542.40 249.80
=5 (95 F ) 54 586.20 649.00 523.00
= HRJE (96 F ) 84 327.80 738.10 81.20

(FH %k Mg~ HERE (2010))
%&8%ﬁg&ﬂuﬁii§%

g EUI BAE &/IME

BhiEESEIE PARIL: TN
(kWh/m2yr) | (kWh/m2yr) | (kWh/mZyr)
i[5 BE[5E (95 ) 37 205.30 250.00 160.00
il B Be (96 1) 27 197.1 317.20 119.9
[ B 57 (95 4 1) 59 310.10 376.00 244.00
L1 BE[5E (96 ) 55 273.3 354.9 190.1
BLEEh0\(96 ) 17 260.00 322.10 207.9

(FA kik 2 g~ HEH* (2010) )
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15 EUI mAE w/IME
IREEFEERER T ME TR
(kWh/m2yr) | (kWh/m2yr) | (kWh/m2yr)
— iR EE (95 ) 124 190.60 230.00 151.00
— R REE (96 FE) 13 230.10 311.90 151.60
BEEREIREE (95FEFE) 29 239.40 356.00 274.00
BEEREIREE (965EFE) 31 314.90 307.30 188.30
(FHR KRR mEs - HERE (2010) )
£ 310 &4z EUl kg4
5 EUI =AE B&/IME
FEERESME TR
(kWh/m2yr) | (kWh/m2yr) | (kWh/mZyr)
BEREFE 1930 39.31 71.29 18.59
NEEFE 3728 45.58 80.34 20.74
NEFEL 17 18.12 25.79 13.26

(FHR Kk : e~ HRERE (2010))
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W Heating
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(F# %k#Hk © Xing, Ikaga and Strubegger, 2011)
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CCM A & B P24 *éi:}ﬁ“}%l TR
ﬁ%é‘ﬁ@f’:‘;{)‘?ﬁ;o]km ’ ﬂg_ ﬁ;ﬂ B#Eb/}%’/ﬁﬁﬁ‘ ,\ Ebﬁﬁ‘mSO/ 90/0’
Py e GRS

GENGEYFPEAF R g cCCM ¥ Nz A E &R T

_1
ik

R ACERDES %ﬁdﬁuimiiﬁﬁﬁﬁﬁéﬁﬁg’%%égaﬁyg
G- fgs TH AL R TR CEMER -85 T AT

Ao WA EAARG - BT -
(Z) #iFax

2010 # 7 * UNEP * ® % £ 3k ¢ #4=% - f# & £ £79)3+ 4 (CCM Phase
Pilot) » +F 9 Bt 52 (4rk 313477 ) - P APt & e 7 4OPEASF (B
B 1.48knf) 112 54 AR B QP 2 i %(total area: 176.60 ke % -
PR LA e (F R Gt 2 Excel f38  COM i » & 211 2 326 & iF
B WY EEAFEIEEIRD 7T CCM AT Rk lin s A k& Tk
B AR o £ 31482 4 31546 Tt a T fAIE Td Ta b i
AT T R R B o ¥ - PR A ERH 2011 E B A S8 o
£ 8 (404 3-19%7) » x4 ¢ 7 150 AF 1 E OB YBRFH 2

=

7

#2319 F-HEAEITE FEBE

Organization Typeof entry Region/L ocation
Hydro Bottom up Bellenberg Germany
Construction France, Toulouse
The Energy and| Bottom up India
Resources

Institute(TERI)

Skanska AB Top down and bottom up Solna, Sweden

Autodesk Top down and bottom up US, cities unknown
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Organization Typeof entry Region/L ocation
Lend Lease
Corp
UK Top down and bottom up Various cities
Australia Top down and bottom up Sydney
Building & Top down and bottom up Singapore
Construction
Authority Some data entered; no performanceSouth Africa, various
Construction metrics computed due to incompletecities
Industry dataset
Development | Some data entered in top- down N/A
Board(CIDB) approach
Urenio.org
ITC Limited, Bottom up ITC Green Centre,
India Gurgaon, India

(F# kom0 A7 L)

2320 $-prELEATE T A

Building category kWh / m? kg CO.e/ m? kWh / occupant I;%Cig;ﬁt/
Aver age performance baselines for specific building types, measured through the bottom-up approach
Office 222.8 151.9 8,387.9 5,568.1
Retail 221.5 147.0 7,859.0 5,217.0
Hotel 302.8 142.8 14,305.3] 6,745.3
Other 156.0 103.6 2,736.1 1,816.3

Non-residential

Performance baselinesfor the Whole, measured through the top-down approach

282.4

182.8

5,831.7 3,774.6

Residential

51.5

32.8

3,733.7 2,376.5

(F# kim0 A7 L)
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%321 $-BEAELUFE ThATA B BE

Building name kWh / m? kg COe / m’ kWh / occupant ';ici(;;en{
Building 1 128.1 71.6 3258.8 1820.5
Building 2 358.0 137.1 8831.6 3382.7
Building 3 438.1 244.8 5457.9 3049.1
Building 4 221.9 87.1 5541.8 2174.4
Building 5 799.5 442.3 13551.2 7496.2
Building 6 403.4 188.5 15446.6 7216.2
Building 7 124.9 69.8 3179.4 1776.2
Building 8 288.9 126.6 13109.1 5745.8
Building 9 393.0 187.8 7114.9 3400.2
Building 10 188.7 105.4 3081.0 1721.2
Building 11 211.8 118.3 5811.3 3246.5
Baseline for portfolio 323.3 161.7 7671.2 3729.9

IS ERNCER 2D

232 $omBEAEFIEFE B

Organization Region / Location
Consultora de Projetos Sustentaveis Brazil
Jones Lang LaSalle United Kingdom
Building and Construction Authority Singapore
Lend Lease United Kingdom
SKANSKA AB Sweden
Building Owners and Managers Canada
Association (BOMA) of Canada
Tishman Speyer Properties United Kingdom
Autodesk, Inc. USA

(FH kiR 2 £ FT)
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Sr g ARLZZHCOE A (Tpta™  #H3Y)

—
4

Sr g AROLZZHACO R (Taptta™ | #5Y)

¥ - & ARN RIS CO it Ep

IR ARG R E 2% (United Nations Framework Convention on
Climate Change, UNFCC@) & @ #r3 & )= ok B8 3 # 18 & @ i JTk
IR R 0 M EGET B BRI REF BRI DTG R [k

FEFZAEAFAR RGP AP 2 PHE T FHEI KT F &

q_/b.f\;‘lz,,b ,};q ﬂg:f—, :»\,r]J,h,fl J;hl% COZ #H{ .A)‘L o

FATR R R £ SRR e COp iy Bl R £ B T EIOF
%8 % 7L R € (IPCC), 1996 =4 # 2 MIPCC MF<E 3 # WiF# f15 | 3+
F 0 2 Pon R AP M REE A R RBATAS BR R B ehg s > T iR
MEA R GRS TAL L AR (R - 100 £ B 4R ks 99 & 24 2 1990 #

3 2009 & iR frd St ldpie 3R 0 B P FIRRA SR AT R R AT

ARFREBD 0 ¥t 1996 EFF 2 TIPCC MR E 4 WiFd £18 , #8
A RS R0 SR L

AR ALY CO #x g Y 0 4 & (R4 * 1996 £ IPCC R 7l % #
G Apw o ¢ % - B E(Tier 1) 3R F > % (Sectoral Approach) » ¢ "

’ﬁ TR 3 —Er—nﬂb/&/ﬁ?""l’)ﬁ“* CO, &% & -
IO Y AT

L B3P iR § & ¢ 45 2010 & 2 2 GRT gk (BB H )%k
1990 # ~2010# % ¥RF® & 4% 4 i/hzliﬁ"}i’j SRR U £ R ST P S

2R B IPGE*» Rt o a 2bil A ¥ B P35 ARG ERVEBFN -
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L2 COPREN AL G IS 2177 ]
o AR TR E BRI AT ARERIZAATEE AR

COETEFEY 3 U~ o

24 % IPCC 1996# "IPCCH g % # %+ dpw g POREEE CO

% B(tCITIFE X & -

BA-ii R § R KL COp#ciidic > 7 18 & 0/ 4L utse CO £ £ Qny
(kton CQ) -

A 4 B LIV R R G AR P2 R E S
(D E# T4 2 CO T 4 53 % E Quec(kton CQ)

()% 4 %2 5 COB*RXE PP FREW o1 AgRA S 357
42 CO#%E Qeecs® T2 CO R TE Qelec X [(%KF&L/#% T 2/ ik

WME A2 PR RAEEG 2T TE)]

(3)& 207 5] CO gt s B =4 31 S vt 2 COp 2 Qfin +4 31/ § 4

/}J %-‘" 2 CO# ’33:;& Qelec—s°

Fo4-12 B3NP SR CO R B A 1T(F ¢ 36T 4 3 F 2N T 0 AR
19904 425 FF = i3 25 B 2 bl vt CO 2 5 110,830+ 2w CO, 2000
£ 4 E 5 215449+ e > 2007 # & £ 5 262,811+ 2w 0 #% 2008 # frg b 1
252,025+ 2w CO,» & 2009& { & 3 239,526+ 2w CO, > 2010 & ) 1§ =

i1 254,484+ 2w COp o

EAE & 0 1990 1 2010 2 & WP i i CO 2 B A 47(F ¢ 42T 4
WP RoR)E TS E S L 42% H Y 2008 & F£ Pl f B ROEE S U2 4
b g2 B ERAEERE R EE K BREE CO #F R

FOIRR U ARS > #2007 & B0 4.1%; 2009 & 4 & ¥ u|F g iR AR b R T
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Fri AFOLTERCOEWLY (T§raT  f5)

E% o=

FORFE A &0 4050 RO § A gF 2 K CO % £ 1. 20084 i > 5.0%;
2010 # X AP R F FF R F > CO % E e w2 1 2008 & k& - £ 4 >
11 1990~2010~ # & % £ F % 5 >2000# 2 10.3%. % > = 5 1991# 2 8.2%>

@ 2 2007 # 1.4%3% B4 o

=

;iﬁ D RYR A RSO SR A v B T E ) 1990 4 354 CO,
PR (3 e 3T PP ER)YE552M COY 4 FELHFH A 0 2 2000 %
9.7 2 ¥ COY/ 4 »2002# % L 10 29 COy/ 4+ 3 10.2 2 CO,/ * - 2007 5 11.5
2o COYJ 4 - 2008# F]id i B k% £ Fh f B8 > "8 5 11.020¢ COy/ - 2009
Z{"% 5 10429 COJ % »2010# § 5 wos >~ w2 1 11.0 2w COJ 4 »1991

2 2010 # £ 3o E T £ F G5 3.4% 2 ¢ 2009 & & 2008 & -

5.3% 2010# 4p i 2009 & fr3f 4c 6% & % § 45+ 2 £ JE -

Fd 2412wk~ % ‘iﬁﬂi%] S A NPRIZEZ P EEINPEEFAE T
T BN R e 4ET A F ERZ R T o RN 2010# CO 2 5 167,320

+ 2 e( 4% e 65.7%) fi 2009 (157,961 2 &) 3 +c 5.9%; 1 £ 3% 2010
& COp#t3c i 42,775+ 2wp( ) 4221 16.81%) # 2009 # (38,169 2 w3
e 12.1%; 2P 2010E CO 4B % 4,741+ 2e(d & #tic 1.9%) i

2000 (4,749 2 )5 0.2%+ 3 F|X X5 P ik 2 0 HER LW F TR o

241 EPRPRE COBRE (R E T R %)

H = 4+ 268CO,

| FER T3 o | BR | RBE | = iy

B mem (oo |80 |00 | 808 | % |08 | % |80 % |88 % | BE | %

1990 50,697|45.730,20127.319,44717.52,9162.63,5813.23,9833.6110,83(0 100.0
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e A COB RN BBt 1N A1 §

| FER T it BE | RBE | EE “EET
il

BE % | BE | % | BE % BE % BE % BE% BE | %

1991 57,178|47.7131,69026.420,67617.22,6742.23,4902.94,2153.5119,920 100.0

1992 61,26147.833,14125.8§23,78818.62,6452.1{2,9532.34,4223.4128,21(0 100.0

1993 68,935|50.133,38324.325,83718.82,6411.92,4641.84,3353.2137,602 100.0

1994 73,922|50.834,347123.627,26118.72,6931.82,9852.04,43713.0145,643 100.0

1998 79,914/52.234,95622.8§28,52918.62,7481.82,4181.64,5733.0153,138 100.0

1996 85,537|52.935,91822.229,49818.32,77591.73,1441.94,7282.9161,599 100.0

1997 96,466|55.437,57521.630,22617.42,4491.42,4571.44,8252.8173,998 100.0

1998105,76157.138,23220.631,52117.02,0201.1{2,9161.64,9252.7185,37% 100.0

1999113,25(68.039,17220.032,43916.62,0191.03,1241.65,3812.8/195,382 100.0

2000129,72360.242,00719.532,87015.32,3371.13,1871.55,3262.5215,449 100.0

2001134,86161.340,94618.632,90915.02,4291.1,3,5261.65,1532.3219,82% 100.0

2002138,90061.043,75719.234,19115.02,4331.1,3,4571.55,0792.2227,818 100.0

2003149,16462.942,30917.834,15914.42,7821.23,9201.74,8432.0237,177 100.0

2004155,16063.342,61017.435,49614.52,9461.24,0711.7/4,9202.0245,209 100.0

2005 161,931%4.441,425 16.536,47214.52,5991.04,2031.7/4,9982.0251,636 100.0
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| FER T3 o | BR | RBE | = “EET

B mem (oo |80 |00 | BB | % |80 |0 |80 0% B8 % | BE | %

2006169,33%65.342,75016.536,40014.01,6300.64,2321.64,8341.9259,18( 100.0

2007173,04065.844,59217.035,06413.31,0800.44,1851.64,8501.8262,811 100.0
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1993 20,995,416 - 0.7709 -
1994 21,177,874 - 0.8014 -
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2004 22,689,122 908,131,767.71 1.3852 0.0346
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