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Life cycle assessment and environmental & economic benefits research of

important building external insulation materials in Beijing
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2 Beijing Municipal Administration of Quality and Technology Supervision, Beijing 100029, China
3 Beijing Building Materials Academy of Sciences Research, Beijing 100041, China

Abstract: As the idea of low carbon, green, environmental protection and ecology becomes the civilization symbol of
modern city, thermal insulation materials in buildings, as an effective way to reduce energy cost in architecture, have
attracted numerous attentions up to now. In the present report, DeST-h software was adopted to investigate the energy saving
model, which can save 75% energy cost, used in 6-floor housing in Beijing. The heat transfer coefficient ( K) was
calculated to be 0.40 W m™ K™', which means it can save about 42.31 kW h™' m™ per square meter. Based on these
calculations, it was found that 17.09 kg coal can be saved per square meter area in the building, resulting in reducing 42.19
kg carbon dioxide (CO,), 1.27 kg sulfur dioxide (SO,), 0.635 kg nitrogen oxide (NO,), 11.5 kg coal powder dust and
5.75 kg coal smoke dust emission per square meter area in the building. These reductions generate —36.66 RMB profit per
square meter area in building. In addition, the total energy savings of the four common thermal insulate materials ( rock

wool, XPS, EPS and Polyurethane) in 50 years was respectively calculated to be 6.55x10°, 6.63x10°, 6.58x10°, 6.77%
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10°kJ/m’ based the theory of LCA. Furthermore, the energy consumption proportion differs at different stage. The largest

one is operation energy consumption and followed by production energy consumption and transportation energy consumption.

In addition, the total capital payback period of thermal insulator materials, environmental benefits and energy saving of

these four kinds of materials are also different from each other. The longest capital payback period is found to be

polyurethane and followed by XPX and EPS, and the shortest one is rock wool. What's more, the scientific evaluation and

the developing trends on building’s exterior all thermal insulation materials were also outlined in this report.

Key Words: Thermal insulation materials of buildings’ exterior wall; DeST software; buildings energy consumption; life

cycle assessment; carbon trading; green buildings
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Table 1 Parameter climate in Beijing

KRR P E L KRR EI H AP E S H RPN EI
HHFRRRE T Jr:’%; g ¢ TOCTHRIREL/C O SRRk T
bl KR HH S H P H B Winter air- X i e Summer air- Summer air-
. . . o Winter heating outdoor . L
City Heating degree day  Cooling degree day conditioning . conditioning conditioning
X design dry-bulb X .
outdoor design . o outdoor design outdoor design
dry-bulb temperature emperature dry-bulb temperature  wet-bulb temperature
Jent 3066 50 -12 -9 33.2 26.4

x2 £FENAREIRIHER

Table 2 Annual Interior thermal environment design parameter

KRR MR = NIAIRBE B TR R B RPN E N AR TER TR
Winter heating Interior thermal Summer air-conditioning Interior
fib = Fik e environment Design Parameter thermal environment Design Paramete
Bed room and living room . SRH . SIRK
B B i IR
. Air circulation ratio . Air circulation ratio
Design temperature Design temperature
once per hour once per hour
18C 1 %/h 26C 1 %/h

£33 FAREHEBERLMIFERRE

Table 3 Area ratio of window to wall in different orientations and external window heat transfer coefficient

1] [EE3ea HMEERFRE/ (Wm 2 K™)
Orientation Area ratio of window to wall External window heat transfer coefficient
Jt North 0.35 1.8
7K East 0.4 1.8
P4 West 0.4 1.8
4 South 0.55 1.8

5 P 2 %% shading coefficient:Sc=0.5

1.3 ATHI ST m> KR ) (1 300 H SR B8 RN As I 6 fer 42 it
FABBTHBS LB (CRMEIMEMLERE 75% 5 RERLE 5 % BIRUAE 11, 2 4F I AEE fL = g
HH) 5 75% T BRI (SRR IRAE IR B 0.40 W U8 42.96 kW h' m 72, IR AR SRR N T IR 2 AE
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#£0.65 kW h™' m™ [HEAEAT 2 BREFE 42.31 kW b
m~ T Tm® PRI Y B4 T RE M3 129.39 kW b
m~*, MRYEE KGR E R R 2E oY B Ok
(2005 4F) BA52 1 FEHL, SUAH I 15 29 0.404kg P 1M
JE TR /0 75 Y HE AL 0.997kg — A AL B (€O, ) |
0.03kg %A 1L % (S0,) .0.015kg A EALW (NO,) .

0. 272kg A2 0. 136kg M2, H: v 4R 2 HE B (B
275.2 5&/t, NO,631.6 Jo/t, — A AL B ( S0,) 20000
JU/t, AR (CO,) IR ME 160 T/ T5%
T REAEI 5 S AR [b |, 4 B8 50w AU, LR
TR EE ST L L3R 4,

R4 15VREESSERBERYGESHEYHER

Table 4 Energy efficiency and environmental benefits tables of Reference model and 75 % model of energy-saving project

T H SR
Ttems Reference model

75% model of energy-

75% i HERLTY Bty s
- WA T
. . Energy benefits
saving project

AAE B AR/ (kW h™' m™?)

. L 72.78

Total annual heating load indicators
SAE BT AT RR/ (KW h™' m™?) 05,47
Total annual coolting load indicators ’
i bR HE R (ke/m?) o0
Consumption of standard coal equivalent '
CO, #ERt/ (kg/m?

2 i '( g/m”) 97.96
CO, emission
CO, HERFZ TE 3425/ ( T8/ m? ) 15.67
CO, emission benefits yuan/m? ’
SO,k / (kg/m?

2R (kg/m') 2.948
SO, emission
SO, HEE 2 T3S/ (J6/m?) 58,96
SO, emission benefits yuan/m? )
NO, it/ (kg/m”)

. 1.474
NO, emission
NO, HERZ A sE/ (J06/m?) 0.931
NO, emission benefits yuan/m? '

WA LIS HEEL 2
BB AL (ke/m) -
Carbon dust emission
MR/ (J0/m?) 7348
Carbon dust emission benefits yuan/m? '
y k/l\ A o 2
SRR/ ( ka/m ) 13.36
smoke dust emission
M2 B4R/ (JT/m?) 3674
smoke dust emission benefits yuan/m> '
LA HE A 7/ m?
oA i/ (ot/m®) 86.76

Comprehensive economic costs of emissions

F A HEFE 42.96 kW h™! m™2

29.82

Energy saving 42.96 kW h™' m™>
26.12 IRTRAEFE 0.65 kW h™' m™?

Energy wastomg 0.65 kW h™! m™>
.60 AR 17.09 kg/m?

Saving of standard coal 17.09 kg/m?
5577 W HEL 42.19 kg/m?

CO, emission reducing 42.19 kg/m?
8.9 T 6.75 TT/m?

Saving benefits 6.75 yuan/m?>
1.678 @yﬁkﬁi.lﬂ kg/.mz

SO, emission reducing
33.56 T2y 3 A 25.4 Jo/m?

Saving benefits 25.4 yuan/m?>
0.839 W HEK 0.635 kg/m?

NO, emission reducing 0.635 kg/m?
0.53 % 6.82 T/ m’

Saving benefits 6.82 yuan/m>
15.2 WS HERL 11.5 kg/m?

Carbon dust emission reducing 11.5 kg/m?
4186 L% 3.16 T/ m’

Saving benefits 3.16 yuan/m>
. Wk HERL 5.75 kg/m?

smoke dust emission reducing 5.75 kg/m>
5003 WAL 0.771 7T/ m?

Saving benefits 0.771 yuan/m?
50.10 T4 2 36.66 JC/m”

Saving benefits 36.66 yuan/m?

IR FHE A 0.52 90 kW™ b g 7t

5 45 T LSRR AR UE BUA JE B A
9 50a [HICFEI, AP AR 2% 18 XPS M2 i 8
e, A BUAS KANRIR o 2R 2 g > 5 1 > XPS >
EPS, MR G084 AR R 7, SRR [T s 41 R e
KR 9.8a, JLRI R IE AL BE 43 RIS AF BRI /NI
W R AR > XPS SEPS >R, i AT ER 44
tn DA AR RS AR RR y 2.2a, JLFR R TR A1
REFREE R g IS FRR/IMI N R 2 R > XPS =EPS
>, FRRAC T 75% 15 RBAE P H A A LR IR S B

FEL PN, PR T A ) 1) A 7 96 AR HE 3—10a AT 1]
Wi, BRI 6 fr B 2—6a A BE R,

F IR T g R R AR U, AT 2012 4R
LR TN 1522.7 J7 m® SR TIHE $i ik 5]
75% 5 ReFa bR, AUE A JE SR AR AR T LAY 24 26.02
T3 va b, B> CO, HEL i 64.24 T1 vVa, /D
SO, HE & 1.93 J1 t/a, 187> NO & 0.97 71 va,
DB R HE R 17.5 07 va, Wl B A 2B HE i i
8.76 Ji t/a, /0 R H 2 3.42 {270/ a, W HE 3
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Sislisi 5.58 4Co0/ a, WA R BV RO 75% 5 B4R,
SERAMOR R AR ST B8 A BT 1 28 T A A M A

R5 LEREMBHRERAZTE®EH 50a EHEH
Table 5 Several types of building insulation materials life cycle cost of investment payback period of 50 years

PR AS R IR [FAR R/ a

Thermalinsulation /‘:Eftﬁkzk/( ﬁ/.mz ) Tfﬁﬁf\f’njﬁf/a Yﬁéé{[ﬂlqﬁiﬁhﬁﬁia Environment benefit
material Cost of production Service life apital paybac recycling age Timit
285 Rockwool 80 50 3.6 2.2
EPS 60.5 25 5.6 3.4
XPS 63.7 25 5.8 3.4
WA g Polyurethane 108 25 9.8 5.8
2.1 HMRORIERAA R AR i FE DAY Ay JERE (m) E R S b LR P RERE (KI/m?) .
ASC BT AR i SR A BE AR AT R <K RIEAEHZ H Y B BEFE E,,,. :
i+§: (2.4 1416) H Elrans = Elmns mat + Elrans renov + Elrans dis ( 5 )
ETol = Emanu + Eerecl+ Eoccup + E(lemo + Edis ( 1 ) Etmna mat :p5< 1 +w/1 00) DTr ( 6)
:T»K:EFI’ ETolﬁ@ﬁ%éﬁ%%’é‘ﬁé*%(kJ/mz) ;Emanu Etransdis :p6(1+1'0/100)d T(‘ (7)
FHERE P BOSREFE (K)/m®) S B, A EE I b TR E e e =P8 (1410/100) (d+D) T, (8)
B RBEE(KD/m®) 5, I (08 TR B 2 G (17 TSRS JEL 00 5 (5 2
m?) 3B, B R IRRR M B AR RE (kI/m?) s E, g VTRRIE, 50a Zair i) 30 13 %5 18 T AE H 45 i ) Dl
IFIEERA A B B R BEHE (K)/m?) PRHE AR FE
A BT A K ELA i R TR E o =Y/ Youp(140/100) (d4D) T, (9)

TR b 17 BB T, A s fm bt oF SN w0 AR I S v O el R B2 5 A
S TR R AT A B AL AL 3 e (%) o AR RO (ky/m) 8 MR
PP AR R A P e R SR e, gz R (m) D S ORIR AR AR R iz 3 A 5T 4 Y
EATI, BARIE RSN T AR A R e TRIEEES (k) d s IR GRIR RIS T A 1 R
FET BRI R ST R B 2 S AT AR R 3 2y TP EUER SR I S (k) |, T, Dy iz i L0

4k, B PRARAT R REFE (KJ kg™ km™)
E'I'ot = Emanu+ Etrans +Euse (2> gﬁ@ﬁﬁ:% Hﬁﬁ?“ ‘{/‘?\ﬁgﬁ Euse N @é\ﬁ% %:}é{ﬁi‘ﬁg

Aoh B, R RE AR A P B B REHE (K)/m? ) fudf  ACRIRIRISATHERE, AT ORI B H AICH 3066, 1M
(R B4 10 B AFE AL 7 P B — KRB UR T A HAO 50, 7EAR SCHR il Ve REAE 55 R e REFEAN
R GBH, DUBER E— RO RERE . B, iR L WO RERETT LU AT

BORHE SN B AEFE (k)/m®) s B, KR 55 32 17 E,.=86.4HDDy Y,/ [ (R, +6/B))nyn] (10)
Fe(k)/m’) . S OEIRSEEFTECHR , R, A B 2414

(RIRFT R - BLRERE E,,,, - PRABLZ N, Y, ARG BRLG B A

By =p8(1410/100) E, (3) 2.2 REREMES BB

SR SR A i 00 4 0 (R0 B 2 (AT A0 L w0 BRI S , (IR S
FUHERE: M3 2T SR 2 B SRR bR BA {8 i
B, =p8(1410/100) E, 4 ¥, /Y, ~1] p3(1+w0/100)  HESUT 0PSB D A1iz 6 Gk b1 B0 £

E,=Y,/Y,.p8(1+uw/100)E, (4) BRSNS A d B S0km , 44

S, A G o R P (R R AR R e g L BEDM SR, G2 B BEAE U7 AU T, O 1. 84184K] ke
(%) ,p FHRERR I EE (kg/m®) 8 RARIEAEE k™7 ERUHTR S AR g WRE 0,85, K,
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B.p.8 MEEH IR 6 FATHUE, %7 41 T JLF
PRI RS AP BERERE . T AT 50a, 245 T
MU IR B4R 75 4y 50a, A LA IR B4R F 75 6
25a THE., A A A A T 26 7 B B BEARE 1 R/INIBUT S
RG> XPS= EPS>A 4, 1z iy By B REAE 1) /NIt
SR> XPS > ME>EPS, K 15 47 Wy B E#EAH
[, 4 A= i J 0 G BB AR 9 S /NI Sy 2R 240 18R > EPS >
XPS >, 3R 8 45t T ORI AR 2 5 A= i A 1)

50a N A>T BEREFE T o JELIULELREAE LU, %) T (Rl —
MGG RN , Haa T # h EFe iR K, A2 7= B
BREARIRZ iz b BLRERE SRV, iz By B Y RERE S
s AT R A 7 B B REFEAR EL AT LA 20 AN T, X T
FERE B SR IE AT REFE N2 (A B0 T, S it A4
et i R U BEFEAR R AR E b bk T PR A1 R
A7 B B BE
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Table 6 Several of insulating materials the value list

PRI

Bl
J AR REIR Y 8 PR /m

_ /a  {HFE/(M)/k
Thermal insulation AM(Wm K™ B p/ (kg/m*) ¢,/ (J6/m*) {ﬁﬁﬁﬁ‘:lﬁ . B {ﬁ*ﬁ (MVke) Thickness
K ’ Service life Primary energy .
material R of using
consumption
i Rockwool 0.040 1.10 150 850 50 15—20 0.10
XPS 0.030 1.15 30 550 25 85—95 0.11
EPS 0.039 1.05 18 850 25 95—110 0.075
Mg Polyurethane 0.024 1.10 35 1800 25 115—120 0.06

HRAEIEAIR DB11/891—2012( Jb 5t AR B HL AT RE B T HRHE Y B 5% C

x7 JLHBHREMBERE® S0 ESVMERRE
Table 7 Energy consumption of 50 years for each stage of thermal

insulation materials for building life

BT

|m\nu/ Eu-ans/ Eu~«>/ ETm/
Thermalinsulation ) ) ) - 5 )
material (kJ/m*) (kJ/m*) (kJ/m*) (kJ/m*)
A1 Rockwool 3.15x10° 2901  6.23x10° 6.55%10°
EPS 3.95x10° 765  6.23x10° 6.63x10°
XPS 3.95%10° 870  6.23x10° 6.58x10°

aii

AR 5.30x10° 812 6.23x10° 6.77x10°

Polyurethane
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Table 8 Energy consumption ratio of 50 years for each stage of

thermal insulation materials for building life

PRI

Thermalinsulation material man Evan

A Rockwool/ % 4.80 0.044 95.156
EPS/% 5.96 0.012 94.028
XPS/% 6.00 0.013 93.987
RAE Polyurethane 7.82 0.012 92.168
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Table 10 Energy consumption recovery period of

several kinds of building insulation materials

REAEITTULAF R/ a

PR R [—e E./ Eyye” " onsumnti

Thermalinsulation material (kJ/m?) (kJ/m?) (kJ/m?) OBy (,()ns.ump ton
recovery period, year

A Rockwool 3.15x10° 7.52x10° 1.504x10° 2.09

EPS 3.95x10° 7.52x10° 1.504x10° 2.62

XPS 3.95x10° 7.52x10° 1.504x10° 2.62

R4 Polyurethane 5.30%10° 7.52x10° 1.504x10° 3.52
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Fig.2 Scheme of building insulation materials life cycle processes and related subject
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