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ABSTRACT

Keywords: residential building sector, greenhouse gas emissions projection, building envelope
energy saving, mitigation

1. Introduction

Global warming issue has drawn great attention over the past few decades, and its impact
on human habitat has been a major concern to the public. Building energy consumption is
responsible for approximately 40% of the annual total energy usage in hot-and-humid Taiwan.
The daily energy uses of residential buildings contribute the largest proportion of this
consumption. Based on previous research, it showed that the changing climate would increase
the uncertainty and reduce the flexibility of building energy conservation efficiencies. Moreover,
as a consequence of the dramatically increasing temperature in the late 21st century under the
medium greenhouse gas (GHG) emission scenario, it revealed that the annual residential cooling
energy will rise almost twofold as compared to that in 2000s for hot-and-humid Taiwan (Huang
and Hwang, 2016). In consequence, it is speculated that such a considerable increment in
building energy consumption would eventually contribute to higher nation-wide GHG emissions.
From the perspectives of energy saving and carbon emission reduction, the primary aim of this
study is to investigate the possible variation trend of residential GHG emissions under the
influence of the future climate, and furthermore, to formulate adequate strategies for new and
existing buildings to mitigate the amount of GHG emissions.

2. Method

A building physics and statistical based bottom-up model was introduced in the study for
the purpose to project the future GHG emissions in residential sector. The model adopts socio-
economic factors such as population and household income as external drivers, and includes
different energy end-use groups (including space cooling and heating, water heating, appliances,
lighting, etc.) to predict the amount of residential energy consumption. In order to ensure that a
variety of building characteristics of typical condominium in Taiwan is encompassed, residential
cases were generated through Monte Carlo method based on global uncertainty analysis. These
generated models were simulated via EnergyPlus under three climate change scenarios to
estimate their future cooling energy use. Therefore, a model to predict and assess the variation
trend of GHG emissions in residential sector under future climate was developed based on the
simulation results. To restrain the excessive amount of residential GHG emissions in the future,
this study proposed several passive design mitigation measures and quantified their
corresponding benefits in application to residential buildings.

3. Significant findings

Xl
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The following findings have been achieved through the in-situ experiments in this research:

a)

b)

d)

b)

The result of bioclimates indicates that the growing cooling demand during summer is the
dominant and urgent requirement to be satisfied. In addition, natural ventilation and
mechanical cooling is still applicable to maintain the human thermal comfort in the future.

The bottom-up model is developed from disaggregated components on a hierarchical level,
and then all the components are combined to estimate for their corresponding impact on the
total energy use. As a result, the bottom-up model is sufficient and useful when formulating
mitigation for individual component.

The result reveals the annual cooling energy ultimately increases dramatically as the annual
AJC operation frequency increases. Although the increment in the peak cooling load is not
as much as that of the annual cooling energy, the climate change impact on the refrigeration
ton still need be taken in to consideration.

To improve the thermal properties of the building envelope, based on the result of the
sensitivity analysis, Solar heat gain coefficient (SHGC) of the glazing would be the priority
consideration during the selection of the window material. In addition, exterior shading
coefficient (K) and the insulation of the exterior walls (Uw) could be taken as effective
factors as well.

Due to the interaction among population, economic development and climate change, the
GHG emissions in all the scenarios reach a peak of around 34.58 Mt COze to 33.05 Mt COze
in 2030. During the period from 2030 to 2060, the effect of changing climate become more
significant. The GHG emission still remains at 33.25 Mt COe under the high emission
scenario RCP8.5, although the amount of population decays.

The study proposed four mitigations to the GHG emissions. The mitigations include
improvement of thermal properties of the building envelope, enhance the efficiency of the
HVAC systems, electricity equipment, and lighting equipment. The result shows that the
GHG emission will maintain at 28.40 Mt COze in 2020 if the four mitigations are integrated.

Recommendation

Under the effect of climate change, it is urgent to mandate and improve the building
envelope thermal properties through the new regulations.

The research results reveal a promising benefits of the improvement and renewal in old
existing building and non-efficient equipment.
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OPHS LA 4 bR ERFHMES (A EEA o) gt i (Proportional cumulative

stress) o

CUECRARE S T 0 A M2 15 £ f¥(2000 £ 3 2015 &) = ¥

WA A 2 B
B* BB % 5B
BARERINH 8 b Bl B 5 TR Rentiz o = B

FOoHNEFEADEFE LI VAR

Bod AU EIY AT A . 2 & R 2 A B S
BT o B DR E R T AR o RO S fpd
AR RCP8S 5 ) # b4 Az BHE FE A Ipr A

oA AF RS R R Gt 6l F A

B B U PRERAE

FRFRARR RIS RN F G ROT R
FRER TS W 6|(PHS)E 97%1 1+ > 4

z\/

o dr i

EES VR
3-3 1o 0 #
o Hig A7 Arj

v )
b S

L2 2 ERFHES QR4 8-12%7

A

4. Z_

RGO T AN et

4 031 Sl 2ERVRILARS LR

B VB I A

-

£ 12-14% ; #

1 g 2x RCP2.6 i

,.“

v iE 7] 60%14

P ol ST RN B A F R

Bé':ﬂ}; ,I\ELP:- —%'& i ’F“L:‘ 4 FI% ‘_‘% (%) Iijf\:

- " ACCS ACHS PHS ACCS ACHS PHS ACCS ACHS
_ RCP2.6 | 10.2 90.5 | 89.9% - - - 0.102 | 0.271
(2000_12015) RCP4.5 | 10.4 90.1 | 89.6% - - - 0.097 | 0.014
RCP8.5| 9.6 91.7 | 90.5% - - - -0. 028 | 0.388

- RCP2.6 | 8.0 97.6 | 92.4% | -21.6 7.8 2.8 0.011 | 0.201
(20?6—2040) RCP4.5| 9.7 98.1 | 91.0% | -6.9 8.9 1.5 |-0.164 | 0.560
RCP8.5 | 8.4 100.9 | 92.3% | -12.5 | 10.1 2.0 [-0.083 | 0.572

oo o RCP2.6 | 7.9 103.1 | 92.9% | -22.0 | 13.9 3.3 0.014 | 0.130
(204:2070) RCP4.5 | 7.3 108.7 | 93.7% | -30.3 | 20.7 4.6 0.037 | 0.215
RCP8.5 | 6.4 117.8 | 94.9% | -33.6 | 28.6 4.8 |-0.123 | 0.948
S RCP2.6 | 8.2 102.0 | 92.6% | -19.6 | 12.7 3.0 0.098 | -0.305
(2071-2100) | RCP4.5| 7.0 114.6 | 94.2% | -32.7 | 27.2 5.1 |-0.044 | 0.152
RCP8.5 | 4.3 148.2 | 97.2% | -54.9 | 61.7 7.4 |-0.050| 0.968

(FH IR *7 5 FR)
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¥ OARF EAIT
3032 2Y 2 2ERPRIARI VR

B | 5 AR R g F () # 5
o "ol aces | AcHS | PHS | ACCS | ACHS | PHS | AcCS | ACHS
oo |[RCP26| 0.8 | 895 | 90.2% | - - - 0.077 | 0.282
(2000_5015) RCPA.5| 9.9 | 88.7 | 89.9% | - - = 10,066 | -0.031
RCP8.5 | 9.3 | 90.6 | 90.7% | - - - | -0.039 | 0.458
oy g |ROP2.6| 7.7 | 98.0 | 92.8% | -21.8 | 9.5 | 2.9 | 0.015 | 0.216
20162040y | KP4 | 8.3 | 98.6 | 9L 4% | 6.4 | 1.1 | 1.6 |-0.158 0.713
RCP8.5 | 8.0 | 101.6 | 92.7% | -13.2 | 12.1 | 2.1 |-0.068 | 0.696
v |RCP26| T.T | 1043 | 93.2% | -21.7 | 16.5 | 3.3 | 0.002 | 0.156
(204if2070) RCP4.5 | 7.1 | 111.3 | 94.0% | -28.9 | 25.5 | 4.6 | 0.037 | 0.247
RCP8.5 | 6.1 | 121.6 | 95.2% | -34.5 | 34.1 | 5.0 |-0.126 | 1.043
v |RCPZG| T.8 | 1025 | 92.9% | 205 | 14.5 | 3.1 | 0.09 | -0.353
(20%if2100) RCP4.5 | 6.8 | 118.0 | 94.6% | -31.6 | 33.0 | 5.1 |-0.045 0.227
RCP8.5 | 4.0 | 153.1 | 97.5% | -57.1 | 69.0 | 7.4 |-0.054| 1.026

(FH &R : 227 )
33 B2 2ERFEHfARS VR

py | s 2ERT I g () %
o "] aces | oAcHS | PHS | ACCS | ACHS | PHS | ACCS | ACHS
g | RCP26 3.2 |120.0 | OT.4% | - - ~ 1 0.053 | 0.185
(2000_5015) RCP4.5 | 3.3 | 120.1 | 97.3% | - - = 10,023 | 0. 167
RCP8.5 | 3.0 | 123.1 | 97.6% | - - - 0.013 | 0.464
s |RCP2.6| 2.1 [ 1312 | 98.4% | -34.4 | 85 | 1.0 |0.000 | 0.1%
(90162040 | RCP4:5 | 2.9 | 120.6 | 97.8% | -10.7 | 7.9 | 0.5 |-0.065] 0.903
RCP8.5 | 2.4 | 135.1 | 98.3% | -22.8 | 9.7 | 0.7 |-0.030 | 0.863
by |RCP26| 2.1 | 1380 | 98.5% | -34.0 | 14.1 | 1.1 |-0.006] 0.101
(204if2070) RCP4.5 | 1.9 | 147.1 | 98.7% | —43.1 | 22.5 | 1.5 | 0.016 | 0.240
RCP8.5 | 1.5 | 159.1 | 99.1% | -50.0 | 29.3 | 1.5 |-0.046 | 1.387
s (RCP2.6| 23 | 136.4 | 98.4% | 28.0 | 12.8 | 0.9 | 0.045 | -0.491
(Zo%if2100) RCPA.5 | 1.8 | 154.4 | 98.8% | —44.9 | 28.6 | 1.6 |-0.019 0.271
RCP8.5 | 0.8 | 199.8 | 99.6% | -72.7 | 62.3 | 2.0 |-0.016| 1.138

(FR %k : 225 FR)
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Bl 3520 3-7 45k il FF MERE AR HRCPES 5T » it LAt
cPfrR i FRAEN LRSS LG FLAGFY SHCRATARY ST
2000 # 7 2100 & cHFE A (o o B 3-5 7 12 2000 £ kW f- ¥ I - P g iE

RGN T LA BREERPS) AT AL A Bt X 2 d g S F Y ARE N A B R
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EF;L”“%, ; l’f"‘—"‘ A »i‘ A F'&’ Elé‘um;ﬁ ]I;: l% i< efllf%ﬂ-ﬁ,\m_?_‘/k—}’. _,Ez\gF(CZ)—L 4

-

114
D AR FNV)E Y 2§ 28 F(AC) » 3 Aiglt ¥ 7 iRz g & f2* 3
ARBEAMAEGEE o Ra > f GREPET 2000 E 355§ GREPEZ >
ERLFENHRAC) ke B R AAE AR kA SER o L d B 37 AHE
Hr B S Rk B S 0 62000 & F U RRA hF ARG X A 4Re T (PS) 0 4 30
AR g R R RNV)ELF 2R RAC) 7 f GREBPFT > @4 F 7

ARAC)NRE S L hH o d W SR ARFTELRTFBER P ROF F AR

FEAFER AR A rEC) ARTEHM)E BFE B HFHMV)E > 23 F

oy

% 34 pr2LEHE RGBS FR

=3 Scenario| = §F (%) CHaHEEG | pRER (%) A F %)
. RCP2. 6 4.0 32.0 33.9 30. 2
= RCP4. 5 4.0 32.2 33.9 29. 9
(2000-2015)
RCP8. 5 3.8 31.4 34.92 30. 6
RCP2. 6 2.8 30.8 33.2 33.2
SAR s 3.7 31.1 31.4 33.8
(2016-2040) : : : : :
RCP8. 5 3.2 29. 6 32.5 34.17
v RCP2. 6 2.6 30. 0 31.7 35. 7
- RCP4. 5 9.3 98.3 31.7 37.7
(2041-2070)
RCPS. 5 1.7 927.6 30. 1 40.6
by | RCP2.6 3.0 929. 6 32.1 35. 3
- RCP4. 5 2.9 97.3 30. 7 39.8
(2071-2100)
RCPS. 5 0.8 99. 4 29. 7 47.1

(FHE %k : 275 FR)
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% 35 o¥ 2 ARG FR

i

AR F GEA AT

P Scenario o & (%) *HaEFERG) | pRER %) % x (%)
RCP2. 6 2.9 26. 9 1.8 98. 4
i RCP4. 5 3.1 927.0 A1.7 98.2
(2000-2015) : : : : :
RCPS. 5 2.9 96. 4 42.0 98. 7
T e oy 5
(2016-2040) : : : : :
RCPS. 5 2.9 924. 9 39.7 33.2
v RCP2. 6 1.8 95.92 38.3 34.8
- RCP4. 5 1.5 93. 6 37.5 37.5
(2041-2070)
RCP8. 5 1.1 99.9 34. 4 1.5
s | RCP2.G 2.1 924. 8 39. 0 34,92
T RCP4. 5 1.5 99. 7 35.5 40. 4
(2071-2100)
RCP8. 5 0.5 18.6 29.8 51.0

(FHR X 2 g R

4 36 B2 LA RS FE

PR Scenario|  ®F (% THaEEG) | B ARER (%) %% %)
» RCP2. 6 0.3 15. 3 4.3 40.0
N RCP4. 5 0.4 15.5 4.5 39. 6
(2000-2015)
RCPS. 5 0.4 14.8 4.2 40.5
T s o s
(2016-2040) : : : : :
RCPS. 5 0.2 13.4 0.5 45. 8
v RCP2. 6 0.2 13.0 40. 4 46. 4
- RCP4. 5 0.1 12.0 38. 1 49. 8
(2041-2070)
RCPS. 5 0.1 10. 8 35.5 53. 6
L. | RCP2.6 0.2 13. 1 407 46.0
- RCP4. 5 0.1 11.5 35. 8 52. 6
(2071-2100)
RCPS. 5 0.0 7.3 29.5 63.2
(FHE %k : 275 FR)
L F i kg o Bz AR AR ST g o B it % vk R

*

TpARERNV): 7 Faugam o

2 X AS 54 o N N ke 5 22 12
PR AW L o B g se g
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Frd ARFRTHEEZA N RS

% 4-1 sr2zasFesds

ELML S AT | 2ET AR R Eoagni
4 - - 2 fim | 2E % % R >EZ zjzt
(W/m*) (%/#) (kWh/m")
‘o RCP2. 6 53. 90 A7. 83 13. 66
)
RCP4. 5 53. 83 47.52 13.58
(2000-2015)
RCPS. 5 54.53 49. 78 14.22
RCP2. 6 55. 54 57. 87 16.75
A% RCP4. 5 54. 97 57.17 16. 56
(2016-2040) : : : :
RCPS. 5 56. 51 60. 36 17. 62
v RCP2. 6 57.18 60. 70 17.91
- RCP4. 5 57. 50 64. 00 19. 09
(2041-2070)
RCP8. 5 60. 59 74. 38 23. 00
s RCP2. 6 56. 11 60. 65 17.75
T RCP4. 5 59. 75 71. 60 921.91
(2071-2100)
RCP8. 5 67. 32 95. 26 32.31

(FH#50m : 2F ] )

5042 SR ZARESPAENE AL BE

R (W)

4 W EAGLG R | rEZTARYER| rEZAKE
(W/m) (%/8) (kWh/m’)
T R X s
(2016-2040) : : : :
RCPS. 5 3.6 921.92 23.9
v RCP2. 6 6. 1 26.9 31.1
- RCP4. 5 6.8 34. 7 40. 5
(2041-2070)
RCPS. 5 11.1 49. 4 61.8
RCP2. 6 4.1 26. 8 30.0
v A RCP4. 5 11.0 50. 7 61.3
(2071-2100) ' : ' :
RCPS. 5 93.5 91.4 127.3

(FHE %k : 275 FR)
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AR KRF GO 2R F WM AR R A Kk
2 43 cP 2ZBFESN

TRy YT

TEZDRYER

2P

5 ) s
i 45 (W/m’) (% /%) (kWh/m?)
‘o RCP2. 6 49. 99 34. 37 10. 05
)
RCP4. 5 49. 94 34. 05 9.95
(2000-2015)
RCPS. 5 50. 48 36. 55 10. 67
TN T T 5o
(2016-2040) : : : :
RCPS. 5 52. 85 50. 06 14.72
v RCP2. 6 53. 33 51. 34 15. 18
- RCP4. 5 53. 50 56. 48 16.75
(2041-2070)
RCP8. 5 56. 83 72. 24 21.79
s RCP2. 6 52. 96 51. 03 14.99
T RCP4. 5 55. 91 67. 64 20. 38
(2071-2100)
RCP8. 5 62. 87 108. 63 34. 60

(FHR KR 2 g ER)

£ 44 2P AL AR E AR E
I RD
4 W EAGLG R | rEZTARYER| rEZAKE
(W/m) (%/8) (kWh/m’)
RCP2. 6 4.7 34,9 34. 6
gk RCP4. 5 2.8 35. 8 35. 8
(2016-2040) : : : :
RCPS. 5 4.7 37.0 38.0
v RCP2. 6 6.7 49. 4 51. 1
- RCP4. 5 7.1 65. 9 68. 3
(2041-2070)
RCPS. 5 12.6 97.7 104.3
s RCP2. 6 5.9 48. 4 49, 2
- RCP4. 5 12.0 98. 6 104. 7
(2071-2100)
RCPS. 5 24. 6 197.2 994. 4
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5 S ﬁi%&?ﬁﬁ iﬁ;g%?%@ iﬁiﬂfﬁ
(W/m*) (%/#) (kWh/m")
‘0 RCP2. 6 53.22 56.30 16.25
I
RCP4. 5 52.99 55.34 15.98
(2000-2015)
RCPS. 5 53.47 59.23 17.09
RCP2. 6 54.58 73.43 21.26
gk RCP4. 5 54.76 72.44 21.06
(2016-2040) ' ' ' :
RCPS. 5 55.83 78.78 22.89
v RCP2. 6 56.70 81.15 23.77
- RCP4. 5 57.04 89.41 26.32
(2041-2070)
RCPS. 5 59.90 107.97 32.62
s RCP2. 6 55.44 80.89 23.53
- RCP4. 5 59.52 103.32 30.98
(2071-2100)
RCPS. 5 67.10 151.06 49.04

(FH#50m : 2F ] )

46 R IARE LA A2 RE

I RD
peF 2 F5 ERML ST | 2ELTARY | 2ETAN
(W/m) (%/8) (kWh/m’)
RCP2. 6 . 30.4 30.8
gk RCP4. 5 22 30.9 31.8
(2016-2040) ' ' ' -
RCPS. 5 44 33.0 34.0
v RCP2. 6 6.6 44.1 46.3
- RCP4. 5 7.6 61.6 64.7
(2041-2070)
RCPS. 5 12.0 82.3 90.9
s RCP2. 6 4.2 43.7 44.8
- RCP4. 5 12.3 86.7 93.9
(2071-2100)
RCPS. 5 255 155.0 187.0

(FHE %k : 275 FR)
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	1. 報告書P.37，透過RCP2.6情境下之ETTV結果，是否可作為未來推估住宅耗能之基線，宜再詳加考量。
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	1. 關於RCP定義部分請於內文詳細說明，俾利於了解及增進可讀性。
	2. 本案請研究團隊於9月中旬前提出具體研究成果及調適策略，俾供本所邀集相關單位召開座談會。
	1. 本研究之主題著重於溫室氣體，故對於各個專有名詞，諸如溫室氣體的定義、國際上對於氣候變遷情境（各項RCP）的描述，將於期末報告書中詳述補充之。
	2. 本研究採用之研究方法係參考聯合國之預估模型，其中並未將人口高齡化納入考量，然本研究仍會依照台灣之現行與未來社經狀況對溫室氣體預估模型進行調整。
	3. 研究內容中RCP2.6的溫室氣體排放情境無法作為情境假設，因氣候變化的不確定性太高，無法直接以單一情境假設作為基準線，且各情境發生的情況是相互獨立的。
	4. 截至目前期中簡報的進度，是以不實施任何調適策略的前提下進行預測，以作為各調適情境比較時的基準線；本研究後續將逐步針對法規規定之各項外殼設計標準進行調整，並代入模擬軟體進行驗證，新舊建築汰換的過程亦將納入調適過後的預測考量。
	5. 有關模型驗證部分，本研究所使用之溫室氣體預估模型會以2000年至2015年之歷史資料來進行校正，以使其更符合台灣之現況。
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