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Abstract

Key words: Energy-saving, Building Roof

Due to the rise of the Net Zero Emissions initiative, many non-governmental
environmental groups have called for the strengthening of enclosure insulation and
recommended that the government revise enclosure insulation regulations. In terms
of energy saving of the outer shell, although the area of the outer wall is larger, the
roof is directly irradiated by the solar heat and infrared rays, and the heating
situation is more severe than that of the outer wall. Therefore, the energy-saving
benefits of the roof insulation for the building deserve further confirmation.

This research first collects and analyzes domestic and international standards for
insulation materials, including CNS national standards, construction guidelines,
Japanese and Chinese mainland building roof insulation standards, cold roof
material standards, etc.After analyzing and discussing the benchmarks of insulation
materials, it is found that some benchmarks are based on thermal resistance (or
thermal insulation coefficient, R, which is also the reciprocal of U value), and some
are based on thermal conductivity k) . Thermal resistance is related to thickness of
material. The greater the thickness, the greater the thermal resistance of the material,
and the smaller the U value. The thermal conductivity is the essence of the material
and it is not related to dimensions such as thickness and length.

After analyzing the energy-saving benefits of roof insulation, it is found that in
Taiwan, because the temperature difference between indoor and outdoor is not large,
and the current regulations that the roof U value is already strict, the energy-saving
benefits of roof insulation is extremely limited. Therefore, it is not recommended to
adopt the strategy of lowering the U value of the roof, especially when the U value
is already very low. It is recommended to adopt strategies to improve openings,
such as the shading factor of horizontal skylights or external wall windows. It is not
recommended to adopt the strategy of reducing the U value of the roof. It is
recommended to adopt the strategy of improving the opening, such as the shading

coefficient of horizontal skylights or external wall windows.
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¢ (ASHRAE) 90.1 #-E2 > m B B2 4 45F BRI 228+ 220.70
5 & 52 f % 30,75 » ASHRAE 90. 2 #5283 * < 5 F S+4n %< (Sun
reflection index, SRI) *##ix E™8 »SRI F <75 » B ERER

2 & o
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#3.12 4 B M4 M AR
Rykim | BT | ATE | F S5 (Solar ig & % X FEE Bt
faxg | %% | Reflectance | (Emittanc | 4p#cSRI
/Albedo) e)
iRz .fl ‘i/" b ‘flr' 0.6b - H
Energy X {L 0.50 — 53
Star AL | A 0.25 — 18
X {L 0.15 — 4
b R TE AL A4 0. 65 0. 80 75
BE Al S
¢ FH | A7 0. 40 0. 80 41
CRRC
LEED ma | — — — 78
Ha | — — - 29
Sy AL & 0.55 0.75 64
Title24 Al | E L 0.20 0.75 16
ASHRAE90. 1 — 0.70 0.75 82

€.‘T_: MAERLEEEE . 2 1:6: 7
it Aag 3 £

X W] 2 A7 s F T FriE pE

S
—
ok
™
Bk
R

61




EAFETRAS L R GHFEFLFY

SATHEAEPN IR RER L A% s BB (AL
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A E BRI e B > S BEGERDY AP E R
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HiaP T2 20508, 2 UERLZF TR, BIEREL R
L, »r#z2 @ i 0% G, ¥k i Wn-k- &
AT R L BEDEERL 17T o
(2). #h e itk

PEE G FBoRE G- S AT S /ke B E D im KW
FGBRPRER T LA S - B4 T AR HE =5 (0l K)
/Wo bldep Fedtr 2 2 G lics 0015 #re i 5 1/0. 15 Fie *
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AP ETTRBES LR HFEH2Z AR

241 S HEFRE (FEREFFETH)

ko 7 o - ;8 %R0 A ik
5 [kg/m3] | ;&:E80%W/m « k]
17> %ﬁ% (EEH) 330 0.13
s ok (P 24) 480 0.17
A frg A ~thA s A (£H) 557 0.2
1 & 550 0.18
AR 200 0.093
Sk AR 130 0. 088
AR A R 240 0. 051
% ¥ 1950 0.8
¥ ¥ 710-1110 0.17
. B R 1500 1.20
'k BROR R P RRAT R 600-1200 0.15
ik KA L R EF 400-1000 0.12
= AL S 1100 0.24
= LA B R 450 0.12
| A TR 850 0. 21
o
it~ SEERRF 7860 45
& GEf GG £ 2700 210
% A 8960 375
EE X N3 7400 25
ekt (ALC) 600 0.17
RS 1600 0.8
Kk R 2200 1.4
ik spdgR s (PC) -k 2400 2000 1.5 1.5
iﬁl/ﬁﬁf
g4z wm (F ) 1380 0.51

TR KR FREX S T2 L6 SR & Q0 RR AL
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FrF ETRaR KR

4.2 EHEEE(SFEAETIETH)

24 LA e R L e R
g o 0. 043 ¥ 0. 0706

RoF (R e 1/9) 0.111 T 0. 003
RoF (R e 1/7) 0.143 H A g 0. 762
Bl 0. 008 T4 B AT i 0.167

KRB R 0. 007 53 0.714
KRR R 0. 01 BED R 0. 004

A 5590 5 0. 086 EH T 0. 009

A 5558 5 4 0.107 th 0. 004

o 0. 288 KRBk k 0. 007

$ R 0.125 5 0. 004

A 55 0R 2 TEARIR 0.12 3o R 0. 471
e E 0.139 PU 4= 0. 04

7 0. 01 i8R 2 0. 588

74 4 0. 008 b L pe 0. 091

L 0.1 E 0. 234

s 7. 62E-06 TFk(EER) 0. 086

e 2. 86E-05 ES 0.182

735 4 0.714

(FRRRFEXE T2 FFAERE N L) TR

). #@BFF (U)

Fore2 FETEAGES (V) > BE =3V (d. K - #73) 0
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B R X AT g Uar( BT L aE 84 )% Jaw( *h 4T 194
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qxaT
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ot B F Befe >
a=ka?t (4.2)
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T . T | 90T aT
K<aX2 +k)/ay2+kz azz _pcg (4 6)

Ae p5 %R (kg/m) »civ# (J/ kg=C) >

— B R

aT
ot

s (C/ s) o

68



AT G e £ X pARTRINTBEF 2 & B kAT
RETScreen(RET, Renewable-energy and Energy-efficient
Technologies ) » ¥ 5 2471 & - 4p & >*DOE ~ Equest ¥ # %8 -

RETScreenf#7 473 cnS i s @ Lt I L2 AL O3 BE L
FEGF F 5B ZA SR BHFIFIEILERVERFL T2
S-Hc o

FRETHEE RS M BE A bR B R R R L3
BERR K AT f A

R LR > T S RP AL SR AEANAEE

2o 22 BF THEHE L ERL 4R

e Ltk B¢ > S R P (heating degree days, HDD) % 7
FERMCTES G5 B G5 RN 2 f Y (FrErivp e

pan!

) RBEREEUEMBEREMTIEOEZ £ @ > 4o P TIEE
X 60°pF > Hp HDD @ 5 Ho = B2 2 HDD @& % 4c > P 5
0% R P B

=X 657 (HES 18 B)EF %8 RUTR - A EEE o F
FRPABIES G A PEBTRULF RERETPER
Fooo § FRTHMTES 65T A PEbE R o R F E

W
TS
L

S
Pim

™

AR R AR B LR SR R bl
e TR RGBT LLTES 657 R GERE 0 A £ A H

@565 1B R & HDD 4r (DD i L
Liﬁﬁéi/ﬁ%ﬁéj ZERpptR e F TR A N AT FTRE

AN AME R TRE SARR F AT RGERALA) -

69



Ay ETRBS LA HEH2F Y

Country - region | Taiwan hd |

Province / State

Climate data location [ Taipei > |
Latitude 250

Longitude 1215 Source

Elevation 9 Ground

Hesting design tempersture 10.8 Ground

Cooling design temperature 341 Ground

Earth temperature amplitude 8.0 NASA

Daily solar Heating Cooling
Relative radiation - Atmospheric Earth degree-days degree-days
Month Air temperature humidity horizontal pressure Wind speed temperature 18°C 10°C
[ = - % | wwhmid =] kea ] ms e -] cd ~] ccd -~

January 16.1 78.8% 216 100.8 31 176 59 189
February 16.3 51.0% 251 100.7 31 177 48 176
March 183 80.2% 303 100.4 30 194 o] 257
April 220 78.3% 363 1001 29 222 ] 360
May 252 77.3% 443 997 29 251 1] 471
e 278 76.8% 457 99.4 25 271 0 534
July 295 73.3% 485 99.3 235 285 o 605
August 29.2 T4.1% 479 992 27 283 0 595
September 273 75.6% 396 996 32 26.8 0 519
October 24.5 74.9% 395 100.2 = § 245 o] 4350
November 215 74.8% 344 1006 36 220 0 345
December 179 75.8% 262 100.8 33 192 3 245
Annual 230 76.7% 365 100.1 30 232 110 4746
Source Ground Ground Ground NASA Ground NASA Ground Ground
Measured at | m v | 10 0

4. IRETScreenf % %#cit 24k v 4 #
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323 iiem 3 e 82 2| 7R »wF > —dam 3 o
EER( energy efficiency ratio )§=COP( coefficient of performance )
g aved o B0 CEERRASASH I F R TS 45
SRR fJ‘E%iﬂ'%i4—¥ (Kcal/hr) 5 % i¢ % 4 plo2 1 4=(W)
»# BEREA® 4 F WAFT EERTSIAFT # 4§
- o pETsoc 2 BB (ki 4 Dkeal i o H ot

EER & = F it 4 (keal/hr) / F#e# & (w)

33 COP R AR AR S8 2 i Trde > H 050 5

COPE =% (kw) / ijJ#&#F (kw)

d3sd Bz v 8@ it BFEpe | A
(cal)=4.184 &2 (])

Aoxae A enE =5 kW & kcal/h o Fpt o

lkcal/h=1000calx(4. 184J/cal)/[1hx(3600s/h) ]
=1.1622]/s
=1.1622W

F]t © COP=1.16 EER

AECONS BRIk 77375 © 414 ik g EREHR L
gy S ONSRTIRET N EEE P AT LR TR
oo #8200 BER & COP it Roe s v i end (iF 5 4 § £F 4 % i
%o % EER g A B A% 4 € o P o 3K i »x = & EER & 3. 93(W/W)
FLafairr che A S8 #E L COPEL 4.56 Hig* i d A

7

v 1+

-

(I3 5 4B 4.2) o 182017 E B 4o a0 h ke Kee* TCSPR
Ak F e Fliic) BT EER"F'L:‘-*?;/# ’l |24 F 48T
RTHRE > o7 TCSPF | 4 § F & i Flik (Cooling Seasonal
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Performance Factor ) - )I‘{“”}ﬁ A F R FEatFRRER
Bl B F WREZEAFTE W4

FER R A F /A Roed o BRI 408 v 1 COP i 7 A 49

WA g CSPF > 2400 BLsf ] ~ L il frsk v B B L s S5 %

B AEFEA LG ISR B AT R A2 )P
ReTscreen —

Cooling system Description

[ EEEE | l

Base case Proposed case
Fuel type | Fuel type 1 | Fuel type 1
Fuel Electricity Electricity
Coefficient of performance - seasonal | 4.56 4.56
Incremental initial costs WD

Incremental O&M savings TWD

2] o2 2] 2

B 4. 2RETScreen 7 3% %%k T3 T F &

tEFEFFEAVII-BEEZIAELTELTF > BHEEAE
FHOGAP T RARRE S ERYTL M G A TR
BAF T REGHESE o by MG e PRy RSV
* ACH#*L/s person fatkf 37 5 H 2o 35 % WA 5 F 1k (CDC)
% W #+5 ¢ (ATA) 2 ASHRAE (TAQ Standard 62—1989) % » # 5
AR g * & P § #F 5 ACH (Air Change Pre Hour) » =
e 22 B s MM B ¥V - AREREL/s
person® A & f i g £ AN HENFLIFERR AR KP

BAzZ R d N AT ARG MG T

'*‘T

291'SLL 7'* F?ﬂ’ﬁi}é

"‘@

ERR RS SIS REE A A TN IR R R E5 S
PERZFT (e o REARIRELY o RHEFFAGERS
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0.35~4.71 ACH(h) » A7 5 &~ B ST P 24 it ¥
Flptde F FRW > ¥R AR ATERRI L T % H R
F 370205 ACH:2 FH#s > e AT X T F F 50.0 ACHE 74
¥7 0 ¥ AF %R EMAE 526.22(5. TR KD 2k T HREEN T F
PR LB G o btk AR WL B L s W Y g

(#3835 4-E4d. 3)

RETScreen |

~-.
N

Building envelope Description

L EEEE |

Natural air infiltration Base case Proposed case

Incremental initial
costs

Method | Air change rate ‘ 3 ‘ 0

volume ms 26.22 26.22

Afr change rate ac/h 0.5 0.5

Natural air infittration 3.6 3.6

Incremental initial costs WD 0

Incremental O&M savings TWD

Number of buiding envelope units 1 1
System selection Cooling Cooling

Cooling system Cooling system 1 Cooling system 1

Cooling system description

Cooling MWh 2 2 0.6%

Back Back

[®] o] 2] 2] 2]

®4. SRETScreen#t § 5 $-#ck T4k (T4 o
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PRAPSRME R B s
B3P RIp o TS s AR
R AFRETR BT R ET Y AT 2 T REAPM 0 P
TR E AN A6eEE 120 T D ERL63~ ;5 1218 2330
Bt ® R2.38% 5 331& 2500& =+ 23.52~ ;501ALT00R - &
F4.80~ ; 701& 2 1000/& : & &5.66~ ; 1001 A&+ =& &6.41
o MG HTR A AT L A TR R ok 2 vk Sl (4R
4.4)

—
==
e
<@
N
T =k
Tﬁr @k
*u?ﬂ*
«“fr
=3 ﬂ
o3
<

S NG

m

Fuel type 1 Fuel type 2 Fuel type 3 Fuel type 4 Fuel type 5
Electricty | Matural gas -m® | Diezel (#2ai)-L | Gaszdline-L | kerozens-gal |
[ m* L L gal
TN H T D™ DL T T Duigal
| 4 £00 | 16.000 | 20.000 | 32.000 | 41.500 |

®l4. ARETScreent# # # gi.gl r%

G A TR R fho- BT L0 REFE 2
RERRP TR HY - RT2COR%EFE pH 2D 2108

ERR A B GE %ER GG 0.5092 7C0/ B (55%4.3) >
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TR * T4 (P )RR ETFHE 2L LMY 4
¥alf 2 o
(DA ERFE AP ADE -
(A RRT A o ly™ b oSUE 2 GG #2 3 derk T A 1
Bos RGBT L R R B SR S R 2 B
BB R PG FRY SBT P L 2Bl
Sl SECACAERES Sl REE S b RE R P s o
AT LR - BTE AR 0.509 T F bE A R4S
ERL >~ BEEA > PO RYR PP ERY - AT F
ptpac g P v B AZiE0. 5090 T a5 5 T FALEE T 0 10
ERABATL S 54.0%
4.3 APEE TS P RGEK

R 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108

TA#0.52]0.00]0.51 |0.52]0.53|0.55 ] 0.53 | 0.50
e | 9 9 8 5 0 4 3 9

GHG emission

factor T&D GHG emission
Base case electricity system {(Baseline) {excl. TED) losses factor
Country - region Fuel type 1CO2WWh Yo 1C02MWh |
| Taiwran | Altypes 0.509 4.0% 0.530

#14.5 RETScreen®. 4 gt fhfcx SUIF 5 85 ~ %
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Bov Az p BRAFE T L0 > TP AT RFFPN PR
BRETZ LT E o B EDBREIT 20 B O E PR il
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x|
— Building envelope Description ————
R EEE |
Base case Proposed case

Building narth b o i) [ Base case = proposed case

Schedule Schedule 2 || Schedule 2

Descripkion ] 1]

Base case Proposed case Incremental initial

Building envelope North East South West North East South West costs

Walls I Base case = proposed cass

frea m? 4.6 10.14 4.6 10,14 4.6 10,14 4.6 10,14

U-value (it fm2)feC 2.78 2.78 2.78 2.78 2.78 2.78 2.78 2.78 TWD ‘ 0 |
[ window I Base case = proposed case

area m? 0 2.97 0 2.97 0 2.97 0 2.97

Uvalue (wma)jeC [ 6.31 i 6.31 [ 6.31 i 6.31 WD ‘ [ |

Solar heat gain coefficient o 0.83 0.83 o 0.83 o 0.83
[ Solar shading - season of use
[~ Doors
¥ Roof I Base case = proposed case

Area m# 11.4 11.4

U-value (wfmz)fec 0.8 05 TWD l:l
[ Floor
[T wall - below-grade
[ Floor - below-grade
Next Next

(2] 8| 2| 2| |
®l4. 6RETscreen ¢t 2+ 5t %]

AATRERET 0 A T RIS DFRT 0 A & ey 10,25
W ATy HF»E d v ERUEFH0. 8% 2 10.5> ¢
PLEER 2 Kk o p BTF50.8UE e KEIXEFHETEIRRH
%%%&Eﬂiﬁﬁ’g%iﬁﬁ\ﬁ%%i‘Fi ¥k fad
- RGP EUE 297 B A E s aE s
LA gagerns > UE 56.31> SCiE pﬁw’ﬁ%ﬁliﬁa%&m
BAER otk o XA RRT - BEE O RARET 5 BT R
ez SCEVBEEHF R & n A E50.35 UEY %3
4 e BENAL - wUEH0.8 ¥ - 2X0.0(B4.7) ~ 85k

e B R R A E AR BOR K SR A e — 12 (0. 56%)° B 1

<!

AR (E SR HL ) A frid p]48)%
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AFETHAS L R HEHLF]

|
— Building envelope Description —————
RN |
Base case Proposed case
Building north - 1] 1] ¥ Base rase = proposed case
Schedule Schedule 2 H Schedule 2
Description o o
Base case Proposed case Incremental initial
Building envelope North East South West North East South West costs
vralls [ Base case = proposed case
Area m 4.6 10.14 4.6 10.14 4.6 10.14 4.6 10.14
U-value (W fm) e C 2.78 2,78 2,78 2,78 2,78 278 2.78 2.78 TWD | 0 |
7 Window [ Base case = proposed case
Area m? a 2.97 o .97 o 2,97 o 2.97
Uvaz fmeC [ 4 0 4 0 4 0 4 TWD | 0 |
Salar heat gain coefficient o 0.35 0.35 o 0.35 o 0.35
™ solar shading - season of use
I Doors
¥ Roof ™ Base case = proposed case
Area m 11.4 11.4
U-valug (WimzeC 0.8 05 TWD :l
I Floor
™ wall - below-grade
[ Floor - below-grade
Next Next
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tk  0.90 WEMAEE > 2FEER
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International Energy Agency, Key World Energy Statistics 2012.

National academy of sciences, America’ s Energy Future technology
and transformation,2010.

Low-energy envelope design of residential building in hot summer and
cold winter zone in China,Jinghua Yu, Changzhi Yang, Liwer Tian,
Energy and Buildings 40 (2008) 1536-1546.

Jinghua Yu, Changzhi Yang, Liwei Tian, Dan Liao. (2009). “A study
on optimum 1insulation thicknesses of external walls in hot summer and
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