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Abstract

Energy crisis and environmental protection are the focus of worldwide concern. As one of
the three high-energy-consuming industries, the construction industry has been expanding in
recent years and the energy consumption of buildings has continued to increase, which has led
to more and more serious environmental pollution problems. Green building is an emerging
development field of energy saving and emission reduction in the construction industry. The
study of energy consumption and environmental assessment methods for the whole life cycle
of green buildings is of great significance to reducing the problems of high energy consumption
and environmental pollution in buildings.

At each stage of the building life cycle, from the production, transportation, construction,
operation and disposal of raw materials, the resource and energy consumption during the period
are closely related to the environmental impact, and the research at each stage is relatively
independent. In addition, the traditional green building energy consumption simulation has
many problems such as poor accuracy, long time-consuming, and cumbersome work. In order
to solve the above shortcomings, based on the characteristics of BIM platform visualization,
parameterization and model continuity, this paper proposes a "BIM-LCA" combination of green
building energy consumption and environmental impact assessment model.

Based on the life cycle assessment framework, this research divides the research scope
into the raw material acquisition phase, construction phase, operation phase, abandonment and
recycling phase, and incorporates the recycling and reuse phase that is rarely studied and easily
overlooked into the research scope. In the early design stage of the green building, the
environmental impact assessment of the whole life cycle is carried out, the BIM physical model

is used to generate the engineering quantity list of the life cycle assessment and the impact



assessment, and the BIM energy consumption model is established for the operation stage with
the longest time cycle. In addition, the thermal parameters of the protective structure, the
performance parameters of cooling and heating, the illuminance value of the lighting equipment
and other parameters are simulated to improve the calculation accuracy of the building energy
consumption during the operation phase. This paper takes a 7-story green building in Qingdao,
Shandong Province as the research object to carry out a case study, uses the above methods to
establish a full life cycle model for environmental impact assessment, Apart from this, the
author conducts completeness inspection and contribution analysis of the evaluation results,
and three different scenarios of models Conduct a sensitivity analysis. The results show that
marine water eco-toxicity is the most affected environment type in the whole life cycle, and the
least is ozone layer depletion. In addition to this, the extended service life in the operation phase
can offset the environmental impact caused by the previous resource input, and it is determined
that the environment will be affected. The reasonable service life with the lowest impact is 55
years. Secondly, the parameters of heating, cooling and lighting equipment in the operation
stage play an important role in energy reduction and consumption reduction. Finally, the waste
and recycling stages produce favorable environmental benefits for the input of upstream
resources, and the use of green building materials is not only will reduce the environmental
impact, but also reduce the waste of resources.

This research shows that based on the “BIM-LCA” green building energy consumption
and environmental impact assessment model, the key impact types, impact stages, and impact
factors of the entire life cycle are identified and determined, providing feasible suggestions for
reducing environmental pollution, and improving the environmental benefits of the entire life
cycle reduce the environmental impact of the green building.

Key words: BIM; LCA; Green buildings; Building energy consumption; Environmental

impact assessment
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Table2-2 Comparison between BIM and traditional green building energy

consumption estimation process
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Fig3-10 Construction process of green building project life cycle model
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ARSL LA S e R AR AT H ORI TN R, F AT I H A AR Ay B RERE S 0
B € B PPN 0BT, AT 5 H AN IR BB BOW SRS (1 DTRR AL B2 I, R H 158
AR d5 R B BBl SEAN AT, BLACR] FH A Hh P 5 S0 oo a0 A= i Jo S 4% B B ) #1
Biso AT B T
522 MzseE

TS Y0 [ G AR RS R ST 0 ARSI B R B I8 B4R B DA AR 5
[l WS B B A A i RS AR B U AR RE SRR o TEAN ) 3 2 ) AR B A B
REAIEAT TR BRVR A HECE IR, RSN BTSN A . ThRES A B
BU, R A% 50 EiH 5L
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Initial Embodied | Operational Energy ~Recurring Embodied, Decommissioning
Energy | Energy | Energy
B H & YR M FE

K51 SERNTE LCAMRNRSELR

Fig5-1 The system boundary of LCA research of green building project

5.3 EF BIM B0 s B HAtR BRI ZE N

5.3.1 BIM 128 21

AT iZ B H A Autodesk Revit 2019 #E4T = #E A, £ EAE PR M 5450
AR EESL, WAL, WS SHPKEE 2L ARV K, SOR TR T L
R EE T, B 52 NS BIM B8, 8] 5-3 Sy it s AR RE AL 07 AR A

B 52 REIER BIMER

Fig5-2 BIM model of case building
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Fig5-3 Energy consumption simulation model of the case building
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Fig5-4 Export bill of quantities
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54 X EAHIREFE B R O
5.4.1 E#REREUNEL

MR 5.2.2 W€ BT ST L AT REREU B B AR HIM R BRI AL A
L REVE T #E o
(1) @R IR AR
JERT RV R BB B B IR AT 25 BRI . TR AKVE . bR LEEBCR
BRI, DL ESE P B AR R T BIM R et ) R RS A, BTSN R PR
R 51 JRAPRIRERE B IIER SRR B B U FE R

TableS5-1 List of building materials and resource consumption at the raw material acquisition stage

P55 4 Fx =RV K
1 N t 928.8
2 IKVER IS I t 1960.72
3 TREEL m3 8630.7
4 PR t 32.15
5 PPR 45 /K & kg 1856
6 p= 8 t 1573
7 IKE t 102.63
8 -t t 3.63

9 RO t 6

(2) BEURVHFEIR
HEVETH AL A2 LLERM R SR BB B ) v 70 2 TR e i 81 it 03 3o A2 v v B A
P8 REVRIHABMRE SEPr iz B . AR TR DL R b fE B AR R R F b S AT 1 5
52 JRATRIERER B BEVR N FEIRE

Table5-2 List of energy consumption during the raw material acquisition stage

F5 LR BT B
1 i 7 kKW h 531.92
pe ) t km 24841.44

£ SimaPro HVEE S JE A RESREUE B RO, B I BRIV AR I 5 S RE R T FEIE B
i NI FH 3 ) B
542 HETMER

(1) BRI TR FETE 5

Jits T3S AEAR T R RIRI Br, £ E5 p8 12 i LI 208 . —IRE I DL K fE it
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PP S R TIREAE, AT, B, TRBELSE BTN
R 53 HTHBREBFMEL R EIRHEAR R

Table5-3 List of building materials and resource consumption during the construction phase

e 4R FAAE HE
1 AR m?3 237.92904
2 JEF 4 t 12
3 ARk m3 1.52
4 TR+ m3 15923.74

(2) BEVEIHFEIS B
AN T AR, 3B R LA AR, LR L AL R AR AR AR
Uk, EAEK B BL RGBT RERE, b, B & K2 LR A RS B T,
FECRIUA BI85 ) 77 2
K54 HLHBAREEEAER R

Table5-4 List of energy consumption during construction

e £ Fx Le¥iva =
1 Wi kg 855.17
2 ML kg 147.50161
3 AR m?3 583.23
4 WA kg 2478.69
5 K m3 4011.39
6 H, KW h 3147.62
7 pEt ] tkm 284

1E SimaPro HP @t T B BEABEAL, 44 T TR FETH 5 L BEUR VY FEIS BN R
FH - 3 R 0 P
543 BITHE

HWiE BIM ReFERIIR A R TSR E S, 2 Ehaie (RAZEA TR
J5) (GB50176-93); (LRSI FRIE) GB/T50378-2014; (SR EF B H MRS
RAERETDY, 15 ZNS1TH B REIETEAE -

IBATHY BUA WK, T Tt 4E 40 T 75 OADRE, W25 18 B B 1) SRR B T A

(1) ZHERFS

ZIREFIME LR QL RS B ER TR briE) (DB375026-2014)
(5RE 65%) MBARIRBIIUE, FBTH@FTSME T R IR PEREXT L F R s
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®5-5 HPEHRLISER R

Table5-5 Comparison table of thermal parameters of envelope structure

(ALY S Wi T 245 SR TSR
&1 K=0.46 W/( m2.K) K=0.6 W/( m*.K)
K=0.51 W/( m2.K)

Hh Lk LT K=1.0 W/( m*.K)

o3 7 B K=0.79 W/( m2.K) K=2.0 W/( m?.K)

A E AR K=1.23 W/( m2.K) K=2.0 W/( m2K)
7R ) K=19W/(m:K) , SC=0.4 K=3.0 W/(m:K) , SC=0.4
e 4 IF) K=19 W/ (m2K) , SC=0.67 K=2.8 W/(m2K) , SC=0.3
i K=1.9W/(m2K) , SC=1.0 K=3.0 W/(m~K) , SC=0.4
Bl K=19W/(m2K) , SC=0.63 K=3.0 W/(m*K) , SC=0.5

(2) BRIE RS
R (G EEFIFHARME GB503708-2014) fEHHATLEAREREHER, WITEHAES
MR GUR F Ml — PP R GEe DR AE X HASE 2R Hp 1) R AR T30 I )R W S+ B 40037 IR+ 5
WM ARG REMAEE 5-5 FiR:

|i:lf,
e ﬁ

Bl 55 BRERGHE
Fig5-5 Diagram of HVAC system
BT BRI B4 R W KB I RES S AR T H W% B3R . S IR il
RGMRZSHSE (ALEFT R IRME) GB50189; RIERSMERSHSI (LR
B AT SRR BRI BE Vit bR ) (DB375026-2014); Hilc 5 4t 1 8 S HULE T 506 L i
TRFE—3. RESHOT MERER WK 5-6 A%k 5-7:
K56 RGBS HETHR

W

Table5-6 Comparison table of Refrigeration system performance parameter
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R
B 448 WE HAR S BIER
E (kW)  COP CoP
(kW)
RIAHIEALH 2 1376.6 230 5.99 4.6
B RGN 2 1069.5 179.7 5.95 43
B R A HLA 2 1238.5 239.7 5.17 4.6
HOEAE A IR 4 — 42 - —
T T MR G IR R 1 — 15 - —
VN KB 4 — 45 S —
BRI FA 2R 3 — 40 - —
P EEIR IR 3 — 33 - —
RYi454 COP 3.92 3.32

R 5T KRERRGHERSET R

Table5-7 Comparison table of Heating system performance parameter

R
B 448 LT ugim SIS
CoP CoP
(kW) (kW)
RAPFGENLA 2 1377.7 299.1 4.61 2.1
B RFAGEHLA 2 1066 228.9 4.66 2.1
H YRR IR 4 — 42 S S
T RGN AR 1 — 15 S —
RAIEI R 4 — 45 S —
BRI PR 2 3 — 40 - S—
P HEIA IR 3 — 33 E— S
AR5 COP 2.08 1.68

(3) MR &
WRYEATE (R DA% BETHE A, AT AL AL X% JE IR BT R, 5 it pritk
(B 2 S 3k 5-8 s
®58 LNEXIBHRIAIERZE

Fig5-8 Lighting power density of public area

— WA DY 2% FEfH (W/m?) FEREME (1x)
PR Wit BATE BArE  @iHE bR
7 3.4 4 3.5 94 100
HR T 2-3 3.5 3 75 75
Pt 8] 2 25 2 50 50
AETE . BRI 1.2 2.5 2 46 50
WLBh %P 1.8 2 1.8 29 30
KL 243 4 3.5 106 100
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T3 @SS A UL AL o A 2, HEREBUN, BIETRI>
Prsf it @M 5 A L@ M I D R B A Z AR, Bt @R U Th R % A
TW/m? 2 {2 SR 1) % FEAE HL 8 W/m?,

(4) ENWITSH

Bt M SR AN SNBSS A RIEFR T EARE B ot B s, B
SRS N 5-9.

x59 ERHITSH

Table5-9 Interior design parameters

ENREE
PrIRLER JoES XZFE
i E = 26 C 18 C
ENE= 26 C 18 C
B E 26 C 18 C
A= 26 C 16 C

i Y (R U REFERRLAU S5 RN SR 5-10 Poms
R 510 BITHBRMRFRAENER

Table5-10 Simulation results of building energy consumption during operation

W W
v fig 19976.54 50 998827
KR REFE 24689.12 50 1234456
Il RS RE 1362.92 50 68146
M RE 40099.64 50 2004982
Mt 86128.22 50 4306411

BATH BRI REVRTEAE EE AR AT
R 5-11 BATH B REIRIH A6 B

Table5-11 List of energy consumption during operation

75 B <R vA HE
1 H, kW h 4306411
2 7K m3 365000000

RIE (BAME K ETHHTEY (GBJ13—86), IE T WAH & A VE /K e, 23k
fERS . Ve W U AR R K35, BN HAEEHKEE (e H) 4008
170L-250L, A<SCHY 200L, A BZ5FEFEL 100 A, 50 FE/KBIETEFEZI N 365000000 m?.
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EURE Sy,

7£ SimaPro T IZAT R B AORR Y, B IR BRI RETE B K BE VR FEIE Sk N Tk
FH A 38 B0 2
544 BEERSEWEME

FESTIRH R B 75 B R AR 7 s HRR AR AT RIS 3] o AR LG T oAb B B
IR S REVEVAFE,  LLP BOG L FE NS AR N R — A [0, RIAT [T R AL L

(1) BIFTHFE

SR FEI AT IS, AR IR AR AR RE, AN, R bR S
TEH B AT VRS T AT R BRI, BT B R ISR

B BOW 205 R 1) 5 AR SR RR AL | 544 L 7K UE . B SIE  TREE R Bk
AN (HREPRIAEE T mIcE, At A56F . AT EE AR, IR AR R R T A
o D 2012 R LRI RIS o R A AR 35 1) I WS AP R Y 380537 B s S e v, 1 A2
TIE e R ml s HA A b, TR R AR I H Y BERAGER, BRI AN S R Sk AN B
fry TSR F o

512 EF5EH BRI UM RL K B IR TR

Table5-12 List of building materials and resource consumption in the phase of abandonment and

recycling
Fr 5 EN LA B
1 W ER t -464.4
2 1z % tkm 19873.15
3 S t -4.8t
5 PR RN t -28.94

(2) BEJRVHFE
£ 5-13 RHFSEH B HI e RTEFEF 2

Table5-13 List of energy consumption during disposal and recycling

55 2R FAAT =
1 =2} kw h 2832.86
2 K m?3 3610.25

fE SimaPro HESLIAT I B, o b3 B U5 FE I L L Re YR T FETH B A A\ Ik
P 3 i 2
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REAMRE (FB2R) TRt 22 A8 5

5.5 IMESIMTTEMN 555 RERE
5.5.1 MBI

(1) #37 LCA f&A

WRAEE DA E S B, RSB0 L, SRA SimaPro 9.0 X BN
R4 2R i R EAT (R A5, 4 BB BREARER I B i LI B 18T BA A R R 5
IS Bodb AT 55, M A 4 A dn S IR (CAn N B P7R )« R A CML-T1A baseline 5%
MAPEA 925, TF AN A i R PR B R e 4 2R

ff1 ] SimaPro HEAT AAERT, HHs R B B HE

® 514 FW/EXEFRLEIE

Table5-14 Database and background data process

Fr5 A Kot e SimaPro9.0 Z S {8 F ) 75 SR B il 18
BEe . Aluminium alloy, AIMg3 {GLO}| market
1 o Ecoinvent 3.0
CAluminium alloy) for | APOS, S
. . Aluminium, cast alloy {GLO}| market
2 £ CAluminium) Ecoinvent 3.0
for | APOS, S
IKVERDH , Cement mortar {ROW}| market for
3 Ecoinvent 3.0
(Cement mortar) cement mortar | APOS, S
BRF 2K _ Cement, Portland {RoW}| market for |
4 Ecoinvent 3.0
(Cement, Portland) APOS, S
k= . Chromium steel pipe {GLO}| market
5 . . Ecoinvent 3.0
(Chromium steel pipe) for| APOS, S
- . Concrete, 30-32MPa {GLO}| market
6 We#E -t (Concrete) Ecoinvent 3.0
for | APOS, S
7 483 (Diesel) Ecoinvent 3.0 Diesel {RoW?}| market for | APOS, S
Electricity, low voltage {GLO
8 H, (Electricity) Ecoinvent 3.0 y ge{ H
market group for | APQOS, S
B FURG o 0% ) Light clay brick {GLO}| market for |
9 . . Ecoinvent 3.0
(Light clay brick) APOS, S
WALA IS (Liquefied _ Liquefied petroleum gas {RoW}|
10 Ecoinvent 3.0
petroleum gas) market for | APQOS, S
i Oxygen, liquid {RER}| market for |
11 A (Oxygen) Ecoinvent 3.0
LR APOS, S
. . Plywood, for outdoor use {RER}|
12 A (Plywood) Ecoinvent 3.0
e (Plyw market for | APOS, S
RWEE . Polypropylene, granulate {GLO}|
13 Ecoinvent 3.0
(Polypropylene) market for | APOS, S
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R 514 FREELERIELE (8D

Fr5 A s e SimaPro9.0 AR i FH 8 S A AR
G Reinforcing steel {GLO}| market for
14 . H)_yj Ecoinvent 3.0 g { H |
(Reinforcing steel) APOS, S
15 fib (Sand) Ecoinvent 3.0 Sand {GLO}| market for | APQOS, S
. Sawnwood, softwood, raw, dried
16 HaA (Sawnwood) Ecoinvent 3.0
(u=20%) {RER}| market for | APOS, S
. Steel, chromium steel 18/8 {GLO}|
17 M (Steel) Ecoinvent 3.0
market for | APOS, S
Transport, freight, lorry >32 metric
—n . ton, euro3 {RER}| market for transport,
18 iz%7 (Transport) Ecoinvent 3.0 ) .
freight, lorry >32 metric ton, EURO3 |
APOS, S
. Water, ultrapure {GLO}| market for |
19 7K (Water) Ecoinvent 3.0
APOS, S
C\Users\Public\Dx (e
® OPRIR B &|l=m w o W Wl e
7/ LCA Explorer == =
Wizards ‘| @S Name “_[ Project | stats New
Wizards R AR EBEBTH ERSERES =
;‘“' "‘:‘ scope ! ;;}’;;f_tﬁpﬁaaiw4
Libran’:s z?ﬁiw‘\&‘ Copy
Inventory Eg;zmm{ﬁ Delete
Processes o EBEE Used by
Product stages e - Show s st
Waste types. IRE

Parameters BHA

Impact assessment =
Methods
Calculation setups
Interpretation
Interpretation
Document Links

General data

Literature references

Substances
Units.

Quantities

Tmanac

Filter on & an

1 item selected

d " or

[ _cer |1

FFL HoHai 001 _

9.0.0.49 FEehf

B 5-6 REIEFeA b ENIREA

Fig5-6 The full life cycle model of the case building

552 EEMEERERKRT

i3S Simapro9.0 BAFHITHE., 75 2112 45 el HUAE B 4 i o 300 P 7™ A2 RO B4 85 7 i
SIRERaR, PR A f A VS A AR A R . JE I AE R, W] DA ity ik
frost, MDA eAh, AT DU AR ERER B By LR Bey 384T BB
PSR 5755 RIS By BUgEAT X LU 7, B4 AN [R] A B A A BE 2 i R/ XS B, BT
P AN [ B B ) o EE SRR
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Gl e BV A N RGO E G, 3 RNZ I H 75 4 A a AR PR R 1
ShRHEAG ISR, A A A YA BN RHE AL A R SR 5-15 AT 5-7 P o

HE 5-7 Bran, ST BokY, B 10 ANmSE R RHEL s R TR AR
SRE it T DA KR I 5 R By, Bk T R AE S ER M (TEAP) SUmfsARim ik T AR 3R
WS LB, of HAR T S AR B 27%, AR T LR B 50%.

ST JE AP RESREC B 5, B T Bl AR 25 5 (TEAP) sEma FR AR Tt LT B 15%,
FEHA 10 Ay, JEAPRIREU B i 520 7 Lo 3sy s T LR B B IR = <k
N (GWP100a) REJZIHFE(ODP), —F 77l it 18.58%. 18.49%; 8.97%-. 8.80%.

T EFS R B, B3R5 Bt a] IS B AE A RS 8 AL & e g )y, it
b, T B R Z BRI RIS R R, SR R, G
XFANFEEME (HDP) BRI LB s AR, HE-38.38%.

K515 BHEMAIHENFMENE R

Table5-15 Characterization results of building life cycle assessment

" pesr s
S Lo EMRREBC P N
ALt AL o Jiti TR Be BATHrE DU
(5123 .
B
A R ]
(Abiotic depletion, kg Sb eq 16.95 8.34 41.14
10.7606
ADP)
A TIEIHFE AR
kb 39514352.1 263868042.2 -
- . . MJ 32645817.93
(Abiotic depletion-fossil 9 6 1.1E+07
fuels, ADP-ff)
i 2 RN Ka CO
(Global warming, et 5453139.46  5426611.43  19728984.69
eq 1259919
GWP100a)>
I A=N4
A _ kg CFC- ]
(Ozone layer depletion, 0.30 0.29 2.81
1leq 0.06581
ODP)
FEHE kg 1,4- -
j\ﬁ%_r J 3763850.00  1909623.95 7876211.93
(Human toxicity, HTP) DB eq 3758117
RAKAEZSFM o 14
(Fresh water Aquatic 9% 2283943.15  1568545.60 4646985.68
DB eq 1165837

ecotoxicity, FAEFP)
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JEA R R HL JK#5 el
ALt LA it TR B BATH B
o Bt ik Bt
e KAESENE
(Marine aquatic kg 1,4-DB 4122733471 2087087332 13598991757 SE+09
ecotoxicity, eq .26 .36 .54
MAETP)
AR AR
b 5 kg 1,4-DB
(Terrestrial 199321.20  339698.06 45761.70 -10459.3
e
ecotoxicity, TEAP) a
Jeb AL
. kg CoHa4
(Photochemical . 1463.03 677.57 3765.64 -593.55
oxidation, POCP) d
R4t (Acidification,
AP) kgSO.eq  16346.16 13853.65 99048.92 -4897.05
EEFM
AL kg PO
(Eutrophication, 7233.63 4850.07 65573.50 -2453.92
€q
EP)
K516 FHBRAFRLEART SHER
Table5-16 Proportion results of different impact types at each stage
, oo EMEER T 8E ERSE
A Wi To  VOARHR LSRRG
B Bt BrEx BB WrE
é’_:: %i/\‘“,
%E_ nE E{Eﬁ % 100.00 30.45 1498 73.90 -19.33
(Abiotic depletion, ADP)
AR TTIEIHFE AAED
(Abiotic depletion-fossil fuels, % 100.00 12.15 10.04 81.13 -3.32
ADP-ff)
L A
U % 10000 1858 1849 6722  -4.29
(Global warming, GWP100a)
PR
j%ﬂ};{%%% % 100.00 8.97 8.80  84.20 -1.97
(Ozone layer depletion, ODP)
HiE M
}\ﬁ%.r % 100.00 38.44 19.50 80.44 -38.38
(Human toxicity, HTP)
RIKK AT
(Fresh water Aquatic ecotoxicity, % 100.00 31.14 2139  63.37 -15.90
FAEFP)
e KAESTENE
(Marine aquatic ecotoxicity, % 100.00 23.13 11.71  76.30 -11.14
MAETP)
Wi A A T
it % 100.00 34.71 59.15  7.97 -1.82

(Terrestrial ecotoxicity, TEAP)
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K516 FHMBEAFEMARR SHER (8D

EMEZ  EL  ZE  BoioH
B S Total
Mm% WA Toal e mE MR KR

% 100.00 27.54 12.75  70.88 -11.17

ek A A
(Photochemical oxidation, POCP)

N . g0 .
24t (Acidification, AP) % 100.00 13.15 11.14  79.65 -3.94
=== . .
& & +1k (Eutrophication, EP) % 100.00 9.62 6.45  87.19 -3.26
100 = =
80
60
40
=R
20
. L L L 3 _ s s
-20 J _] _]
-40 L
Abiotic Abiotic de Global war Ozone laye Human Fresh wate Marine aq Terrestrial Photoche Acidificatio Eutrophica
depletion pletion (fo ming (GW r depletion toxicity r aquatic uatic ecoto ecotoxicit mical oxid n tion
B EHREERR [ sEImeR W EER [ EESEMmR
Method: CML-IA baseline V3.05 / EU25 / #54EL
Comparing 1 p TRHHEERENER, 1 p FELMER, 1 p BT and 1 p BEFSEWIMER;

B 5-7 BRSA A BV RIRHMEAL S5 R B
Fig. 5-7. Characterized result chart of building life cycle assessment
Ak, RHEM BRI B i T B s AT B B PR R S R B R EEAT
PRAEA AR R, JH— 0 R O AN R B g — SRR B R R R TTRR AR, R D R,
AT LB AS 3 11 FPREER R s ma AR FEHE T o 2 R S H ARy AN AR AL 5
Rk 5-17 MKl 5-8 fow.

le-4
8e-5
6e-5
4e-5
2e-5

Abiotic Abiotic de Global war Ozone lay Human Fresh wate Marine aq Terrestrial Photoche Acidificati Eutrophica
depletion pletion (fo ming (GW er depletio toxicity r aquatic uatic ecot ecotoxicit mical oxid on tion
B FrRRER R @ #&Imn& @ =g [0 ErSEwmR

Method: CML-IA baseline V3.05 / EU25 / #RAiL
Comparing 1 p TRHEEREMNER, 1 p e LHER, 1 p IETMER and 1 p BFSEMINER;

Bl 5-8 BF A ABIEI RIS EL S R I

Fig5-8 Standardized result chart of building life cycle assessment
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Table5-17 Standardized results of building life cycle assessment

e E*ﬁ;"m WTWE  ETHE rﬁif&m&
#M%Kﬁ/ﬁﬁ 2.00026E-07  9.83799E-08  4.85399E-07 -1.26975E-07
(Abiotic depletion, ADP)
AEEMBHIEEAE (A BRED
( Abiotic depletion-fossil fuels, 1.25656E-06  1.03814E-06  8.391E-06  -3.43423E-07
ADP-ff)
VE@%{M& 1.08517E-06  1.0799E-06  3.92607E-06  -2.50724E-07
(Global warming, GWP100a)
%%EY%%_% 3.35121E-09  3.2848E-09  3.14437E-08 -7.37057E-10
(Ozone layer depletion, ODP)
NEEE 4.85537E-07  2.46341E-07  1.01603E-06 -4.84797E-07
(Human toxicity, HTP)
RAOK AR B 4.40801E-06  3.02729E-06  8.96868E-06 -2.25007E-06
(Fresh water Aquatic ecotoxicity,
FAEFP)
WK AE S B 3.53318E-05 1.78863E-05 0.000116543 -1.70095E-05
(Marine aquatic ecotoxicity,
MAETP)
it A= A E 4.10602E-06  6.99778E-06  9.42691E-07 -2.15461E-07
(Terrestrial ecotoxicity, TEAP)
Stk A AL 1.72637E-07  7.99527E-08  4.44345E-07  -7.00389E-08
(Photochemical oxidation,
POCP)
i1t (Acidification, AP) 5.80289E-07  4.91805E-07 3.51624E-06 -1.73845E-07
BB 7%k (Eutrophication, EP) 5.48309E-07 3.67635E-07  4.97047E-06  -1.86007E-07

M 5-17 5K 5-8 ol LUARE], PUABrBoifE /KBS R E (MAETP) [R50
e AR UM ISE R . SRR H B, MAETP & H EEFMIERENI R 1,
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Fig5-9 Characterization comparison results at different stages of construction project
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Fig5-10 Standardized comparison results at different stages of construction projects
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Fig5-11 Network diagram of MAETP value characterization results in different stages of
construction projects
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Fig5-12 Characterization results of construction project operation phase
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Fig5-13 Standardized results of construction project operation phase
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Fig5-14 Network graph of MATEP value characterization results during construction project
operation stage
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Fig5-15 Characterization results of construction project raw material acquisition stage
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Fig5-16 Standardized results in the raw material acquisition phase of construction projects
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Fig5-18 Characterization results of construction projects
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Fig5-19 Standardized results of construction projects
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Fig5-20 Network diagram of characterization results of MATEP value during construction phase
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Fig5-21 Characterization results of construction project abandonment and recycling
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Fig5-22 Standardization results in the abandonment and recycling phase of construction projects
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R 518 SRBANEIITER

Table5-18 Energy analysis results of the reference building

o EHALAE 181 FAERR RAERE
(kWh) (FF) (kwh)
4 BEFE 28519.89 50 1425994.5
KM REFE 44494.99 50 2224749.5
HE A REFE 43239.68 50 2161984

R LR GHdE, LA 5.4.3 AN HZ 3SR BERE BT 4E K 5-10 ST,
ZER BT BEFETT AR L S IR ST AL I E A Lk an R R s
£5-19 BITRESHETSUEREER

Table5-19 Operating equipment parameter change data results
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Fig5-24 Sensitivity analysis of energy consumption of different systems under the same change
range of parameters
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Table5-20 Results and changes of different service years

SR iB1T 40 4 1B1T 45 & BT 8554 1817 60 4
j%?ﬁf%ﬁ 4.62671E-07  8.21037E-07 5.7801E-07  7.22513E-07
jkﬂﬁﬁﬂ’ffﬁ_g{mﬁﬂ) 6.98587E-06  1.32381E-05  9.61832E-06  1.12731E-05
IR = SRR (GWP100a) 4.26999E-06  6.59967E-06  5.37318E-06  6.71648E-06
S JZ 4 #E(ODP) 2.47652E-08  4.70518E-08  3.28616E-08  4.25707E-08
NEEHE (HTP) 8.567E-07 1.61678E-06  1.14943E-06  1.41469E-06
BARKAEREME (FAEFP) 1.05664E-05  1.64185E-05  1.48616E-05  1.52862E-05
WK AER T (MAETP) 0.000106135  0.00019094  0.000140532  0.000168027
Flih A= &8t (TEAP) 1.1454E-05  1.19493E-05 1.1831E-05  1.17127E-05
Fefb AT (POCP) 4.49158E-07  7.39738E-07  5.64207E-07  7.02124E-07
it (AP 3.00799E-06  5.42982E-06  3.79646E-06  5.03251E-06
BEFRN (EP) 3.71222E-06  7.35353E-06  4.84535E-06  6.66948E-06

% 5-20 5 5-25 AT LARAI, LUBEAT 50 ENHEE, SIRSZAEIR N 40, 45 4ER,
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BB, RIS REA L 38 DA S LI R SRR P R FE b, BRI R 1
SOMA; AHRITINE] 60 4RI, AHUAH LRSS IR 50 F B EE RiL ok, X
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Fig5-25 Sensitivity analysis results of service life
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Table5-21 Environmental impact results of different material combinations

AR P1 P2 P3
é’_:: ‘{Q\i/\‘“,
_jF_ nE Eﬁﬁ 6.5683E-07 6.18182E-07 6.04284E-07
(Abiotic depletion, ADP)
AV BIEHFE (A RED
(Abiotic depletion-fossil fuels, 1.03423E-05 1.01659E-05 9.82519E-06
ADP-ff)
L U
o w_ﬁg)&ﬁh 5.84041E-06 5.70908E-06 5.54839E-06
(Global warming, GWP100a)
RS
;%%LE/I%%.% 3.73427E-08 3.69644E-08 3.62224E-08
(Ozone layer depletion, ODP)
M
ARE 1.26311E-06 1.1429E-06 1.07364E-06

(Human toxicity, HTP)
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A P1 P2 P3
RAOKAESEE
(Fresh water Aquatic 1.41539E-05 1.33019E-05 1.30216E-05
ecotoxicity, FAEFP)
e KRS
(Marine aquatic ecotoxicity, 0.000152752 0.000145212 0.000142059
MAETP)
i bt A 25
(Terrestrial ecotoxicity, 1.1831E-05 1.17404E-05 1.14761E-05
TEAP)
Jeb AL
(Photochemical oxidation, 6.26896E-07 5.88655E-07 5.76744E-07
POCP)
1k (Acidification, AP) 4.41448E-06 4.32838E-06 4.2379E-06
E & 7%k (Eutrophication, EP)  5.70041E-06 5.60171E-06 5.47239E-06
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Fig5-26 Sensitivity analysis of different material combinations
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R, Mok DERS M HOTARIA L JLUG A BIM AR S BRI S AR [ T 22
ik, WEEERTREEEY, Wi Mg SUEddEmid i, BIM 28kt 5
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VEARE B, I BB SR AEAR R A SRR B2 Bl iz e, b 7 R XU
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B

Imis B e HA% IS LA = AEBAERM | AGBIEAN Kgfﬁﬁi% SR AN
1 01000017 %) 3 5 — kg 2140.76149 3.64 3.64 3.64 411
2 01010009 bl R 755 HPB300<¢10 t 4.14138 39115 39115 3654.87 4130
3 01010027 % A HRB335<¢10 t 146.9718 4070.8 4070.8 3654.87 4130
4 01010029 %) Wi HRB335<¢18 t 206.46392 3938.05 3938.05 3548.67 4010
5 01010033 %) Wi HRB335<¢25 t 362.59192 3902.65 3902.65 3548.67 4010
6 01010065 bl N 06.5 t 24.00672 4247.79 4247.79 4097.35 4630
7 01010069 %) Wi 08 t 2.26032 3938.05 3938.05 3654.87 4130
8 01010073 %) Wi <10 t 5.632 3938.05 3938.05 3654.87 4130
9 01010089 %) Wi <16 t 7.3088 3929.2 3929.2 3548.67 4010
10 01010109 4 i <10 t 102.13668 3938.05 3938.05 3654.87 4130
1 01010111 % i /5 >010 t 20.12712 3938.05 3938.05 3654.87 4130
12 01010129 ) RSN 016 kg 68.7616 3.89 3.89 3.89 4.4
13 01010131 ) RSN o18 kg 99.1062 3.85 3.85 3.85 4.35
14 01010133 ) RSN 20 kg 451.73466 3.85 3.85 3.85 4.35
15 01010135 4 HELTHA 15 022 kg 723.00004 3.85 3.85 3.85 4.35
16 01010177 e it AN ¢10-12 kg 152.016 4,03 4.03 403 455
17 01090005 %) el 95.5~9.0 kg 192.25252 4.12 4.12 412 4.66
18 01090009 %) el <10 kg 48.37387 4.12 4.12 412 4.66
19 01090019 ¥ | 99~14 kg 309.33 4.01 4.01 4.01 453
20 01090021 ¥ | 010~14 kg 401.669 4.01 4.01 4.01 453
21 01130019 ol B4 <59 kg 842.93676 4,02 4,02 4.02 454
22 01130021 o) Jt 4 <60 kg 0.659 4,02 4,02 4,02 4.54
23 01130029 M HEEE N -25x4 kg 280.92 4.19 419 419 4.73
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24 01130033 7 HEEE I N -40>4 kg 2.52 4.19 4.19 4.19 4.73
25 01130039 7 HEEE I TN -25~40 kg 71.68696 4.19 4.19 4.19 4.73
26 01130041 # HEEE I N (%58 kg 9.45 4.19 4.19 4.19 473
27 04010001 ) 7KV — kg 3850.23776 0.44 0.44 0.36 0.41
28 04010009 ) 7KV 42 5MPa kg 164.91 0.46 0.46 0.4 0.45
29 04010009 bl K e 42.5MPa kg 94.082 0.46 0.46 0.46 0.52
30 04010019 bl W AR 2R 7KV 42.5MPa t 85.69277 460.18 460.18 402.65 455

31 04010021 bl W AR 2R 7KV 42.5MPa kg 8846.63574 0.46 0.46 0.41 0.46
32 04010021 bl W A R 2R 7KV 42.5MPa kg 5274.96185 0.46 0.46 403 455
33 04030007 hel ¥ — m3 0.522 166.02 166.02 145.63 150

34 04030009 4 ¥ — kg 3344.259 0.12 0.12 0.15 0.15
35 04030009 4 ¥ — kg 282.065 0.12 0.12 0.12 0.12
36 04030023 %) SR — m3 3.4131 166.5 166.5 145.63 150

37 04090015 hel HIR — t 237.26706 369.75 369.75 349.51 360

38 04090017 # FRE —_— m3 1.073 291.75 291.75 291.75 300.5
39 05030051 %) HoR — m3 0.03004 2123.89 2123.89 2123.89 2400
40 06110003 yel R — m?2 338.1628 85.26 85.26 44.25 50

41 14010003 e A — kg 1.24 16.19 16.19 16.19 18.29
42 14010005 e A C01-1 kg 3.079 15.75 15.75 15.75 17.8
43 14030011 %) I 60#~70# kg 13.6538 7.49 7.49 7.49 8.46
44 14030013 %) I 704#~90# kg 7.548 7.63 7.63 7.63 8.62
45 14030017 % R 92#~95# kg 549.32213 8.12 8.12 8.12 9.18
46 14030021 ) TR — kg 51.37533 7.81 7.81 7.81 8.83
47 14030023 ) TR 200# kg 35.489 8.46 8.46 8.46 9.56
48 14050005 ) TRV — kg 197.78465 4.96 4.96 4.96 5.6

49 14070001 4 B — kg 34.98653 6.93 6.93 6.93 7.83
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50 14070003 ) SEEAHi — kg 27.94 7.1 7.1 7.1 8.02
51 14070011 % IR — kg 147.50161 9.43 9.43 9.43 10.66
52 14390001 % =k — m3 583.22914 4.27 4.27 4.27 4.65
53 14390003 bl LR m3 1.26168 14.61 14.61 14.61 15.92
54 14390005 ) LIRS, kg 193.14891 14.86 14.86 14.86 16.2
55 14390031 # Pk — kg 13 6.28 6.28 6.28 6.85
56 14390035 Vil ETR — m3 162.80807 16.13 16.13 16.13 17.58
57 14390041 % WAL S — kg 2478.69384 4,92 4.92 4.92 5.36
58 17010005 % SR (ZA) kg 1055.4163 3.98 3.98 3.98 45
59 17010023 ) JREANE DN20 m 21.44534 5.79 5.79 5.79 6.54
60 17010057 4 Lk 948.3x3.6 m 5042.27114 15.29 15.29 15.29 17.28
61 17050003 %) RN @32x1.5 m 2596.26419 22.75 2275 22.75 25.71
62 17050005 ) NEFNE P60x2 m 483.4077 61.14 61.14 61.14 69.09
63 17070029 7 TCUENE D22 m 3.124 4,03 4.03 4.03 455
64 34110003 7 K — m3 3889.74965 5.87 5.87 1.94 2
65 34110003 %) K — m3 121.64171 5.87 5.87 5.87 6.05
66 34110009 %) H — kWh | 3069.7323 0.8 0.8 1.33 1.5
67 34110009 e ;| — kKW h 77.88964 0.8 0.8 0.8 0.9
68 34110019 e KoE — kg 824.40657 1.11 111 1.11 1.25
69 35010005 M HAEARBER — m?2 9437.92904 32.54 32.54 32.54 36.77
70 35010015 e ARAER — m3 0.8912 1619.47 1619.47 1619.47 1830
71 35030019 ) KIEFHR A=5cm m3 63.72129 1725.66 1725.66 1725.66 1950
72 35030023 ) RITFHF ¢100 m3 2.0226 1438.05 1438.05 1438.05 1625
73 | GB80010001 ) TRE R (THE) M5.0 m? 337.97538 299.51 299.51 466.02 480
74 | GB80010011 M IKVBRP I (F-HE) M5.0 m? 3.9311 270.5 270.5 466.02 480
75 | GB80050005 ) 7 VRS AGESD) 1:1 m? 46.08594 494.83 494.83 466.02 480
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76 | GB80050009 7 bt Z YRUEAGERD) 1:2 m? 300.02914 463.65 463.65 466.02 480
77 | GB80050011 7 btz YR UEAGERD) 1:25 m? 84.88209 452.72 452.72 466.02 480
78 | GB80050013 # bt Z YRUEAGERD) 1:3 m? 850.61894 415.45 415.45 466.02 480
79 | GB80110007 ) KB ERE (THE) 1:10 m? 269.87976 204.22 204.22 485.44 500
80 80210003 i C15 HlpeiR b+ A <40 m3 364.59788 436.89 436.89 451.46 465
81 80210003 PR C15 A F W <40 m3 130.8051 436.89 436.89 461.17 475
82 80210003 PR C15 4R EL W <40 m3 127.87267 436.89 436.89 461.17 475
83 80210007 L C20 M BRIk HEL AT <20 m3 4458968 456.31 456.31 470.87 485
84 80210009 L C20 MRk HEEL A7 <31.5 m3 133.92095 456.31 456.31 470.87 485
85 80210015 PR C25 PlixiREE L WA <20 m3 130.40312 466.02 466.02 480.58 495
86 80210017 B C25 PRkt WA <315 m3 240.82578 466.02 466.02 480.58 495
87 80210021 PR C30 MLk EE L WA <20 m3 3675.45889 475.73 475.73 490.29 505
88 80210023 [l C30 M psiREt L WEF <315 m3 1361.49453 475.73 475.73 490.29 505
89 80210025 PR C30 PliikEE L WA <40 m3 1358.5409 475.73 475.73 490.29 505
90 80210077 PR IV EMEY C20 m3 278.93993 514.56 514.56 490.29 505
91 80210081 P TipEiR &+ C35 m3 34.16658 0 0 500 515
92 701000041 ES piikel 4056 kg 56.5992 0 4.07 4.07 46
93 717000015 ES BN DN65 m 440.04 0 26.52 26.52 29.97
94 717000015 ES BN DN100 m 419.10317 0 43.05 43.05 48.65
95 717000015 ES BN DN80 m 167.0994 0 33.17 33.17 37.48
96 717000015 ES BN DN150 m 1271.889 0 75.49 75.49 85.3
97 Z17000015 £ HA%F SC40 — m 109.3963 0 13.08 13.08 14.78
98 Z17000015 £ H4%F SC50 — m 74.3866 0 16.63 16.63 18.79
99 Z17000019 * JREANE SCB0 — m 182.1246 0 16.63 16.63 18.79
100 | 217000019 * SRANE SC65 — m 235.0254 0 22.62 22.62 25.56
101 | 217000019 * SN SC8O — m 48.8735 0 28.42 28.42 32.11
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102 | Z17000019 * JRHEANE SC100 — m 2.8943 0 36.96 36.96 41.77
103 | Z17000019 * JRHEANE SC120 — m 148.1552 0 51.24 51.24 57.9
104 | 217000029 * JREANE DN50 m 103.35 0 16.63 16.63 18.79
105 |  Z17000031 ES SRR DN80 m 120.84 0 28.42 28.42 32.11
106 |  Z17000033 ES SRR DN100 m 20.988 0 35 35 39.55
107 | Z17000053 ED PR DN20 m 449.36949 0 7.3 7.3 8.25
108 | Z17000053 ED PR DN25 m 1058.57224 0 10.42 10.42 11.77
109 | Z17000053 ED PR DN32 m 951.28 0 13.19 13.19 14.91
110 | Z17000053 ED PR DN40 m 951.94792 0 16.18 16.18 18.28
111 | Z17000053 * PP DN50 m 580.19984 0 20.27 20.27 22.9
112 |  Z17000265 S PP-R #KE dn125 m 265.8872 0 91.55 91.55 106.2
113 | Z17000265 * PP-R #KE dn110 m 22.43328 0 54.16 54.16 61.2
114 |  Z17000265 S PP-R #KE dn90 m 67.09664 0 35.84 35.84 405
115 | Z17000265 * PP-R #K & dn75 m 58.63336 0 28.67 28.67 32.4
116 | Z17000265 * PP-R #K & dn63 m 45.3644 0 25.49 25.49 28.8
117 | 717000265 ES PP-R #KE dn50 m 243.21008 0 18.32 18.32 20.7
118 | 717000265 ES PP-R #KE dn40 m 278.49576 0 11.95 11.95 135
119 | Z17000265 ES PP-R #KE dn32 m 52.02936 0 6.37 6.37 7.2

120 | 217000265 ES PP-R #KE dn25 m 143.27632 0 4.38 438 4.95
121 |  Z17000265 ES PP-R #KE dn20 m 186.4868 0 2.39 2.39 2.7

122 | 717000265 ES PPR 45 /K%& dn63 m 57.912 0 21.65 21.65 25.33
123 | 717000265 * PPR 457K dn50 m 87.1728 0 15.4 15.4 18.02
124 | 717000265 * PPR 457K dn40 m 21.9456 0 10.41 10.41 12.18
125 | 717000265 * PPR 457K dn25 m 818.09336 0 3.74 3.74 4.38
126 | 217000265 * PPR 457K dn20 m 3225.82032 0 1.83 1.83 2.14
127 | Z17000295 * UPVC HEKE dn200 m 101.764 0 32.31 32.31 37.8
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128 | Z17000295 * UPVC HEKE dn160 m 47.6425 0 21.54 21.54 25.2
129 | 717000295 * UPVC HEKE dn75 m 1166.5332 0 9.23 9.23 10.8
130 | Z17000295 * UPVC HEKE dn50 m 743.86048 0 5.77 5.77 6.75
131 | Z17000295 ES UPVC HEKE dn110 m 1446.318 0 12.15 12.15 14.22
132 | Z17000321 * WBEGE DN150 m 26.052 0 112.63 112.63 127.27
133 | Z17000321 * WBEEE DN125 m 93.81726 0 95.09 95.09 107.45
134 | Z17000321 * WBEEE DN100 m 90.59082 0 66.13 66.13 74.73
135 | Z17000321 * WBEEE DN80 m 104.83926 0 51.05 51.05 57.69
136 | Z17000321 * WBEEE DN65 m 71.92356 0 40.71 40.71 46
137 | 217000321 S I A DN50 m 112.49454 0 305 30.5 34.47
138 | 717000321 * WBEEGE DN40 m 216.9831 0 24.02 24.02 27.14
139 | Z17000321 * WBEEGE DN32 m 216.01818 0 19.59 19.59 22.14
140 | 717000321 * WBEEGE DN25 m 132.0012 0 15.37 15.37 17.37
141 | Z17000321 * WBEEGE DN20 m 303.3451 0 10.83 10.83 12.24
142 80010001 pid BAHS M5.0 m? 0.04281 299.51 299.51 242.28 255.9
143 80010015 * IKVEHD S M10.0 m3 0.06522 292.17 292.17 233.95 24953
144 80010057 Fid TIE KRR 1:3 m3 5.04468 414.27 414.27 337.62 364.02
145 80050009 * IRV A He 1:2 m3 4.40867 463.65 463.65 382.23 415.85
146 80050011 * I A He 1:2.5 m3 11.21239 452.72 452.72 370.62 401.28
147 80050011 * IS He 1:2.5 m3 1.60547 452.72 452.72 452.72 488.62
148 80050013 * IS He 1:3 m3 2.38065 415.45 415.45 338.01 364.42
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