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The Effect Analysis of Reducing Carbon Emission
by Design Parameter Change and Material Properties
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Abstract

The study used the whole-life carbon assessment method to conduct a thorough carbon-neutral evaluation of a
standard steel structure. To further assess carbon emissions, 11 design-changed models were evaluated, with
changes made to the span between beams and columns. The results of the carbon emission assessment showed
savings of approximately 13.1% by implementing the stage of the beyond life cycle. Additionally, the evaluation of
carbon emissions through design changes revealed a difference of up to 422%. These findings confirmed that
recycling and structural design changes can significantly reduce carbon emissions by up to 48.6%, making it an
effective means of achieving carbon neutrality. It is therefore necessary to apply the stage of beyond life cycle and
structural change to reduce carbon emissions.

Keyuwords : Carbon neutral design, Life cycle based carbon emission assessment, Circular econoiny
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(Fig. 1) Whole Life Cycle of a Building”
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(Table 2) Quantity of Materials for Steel
Structure

Materials Type Quantity (kg)
Concrete Concrete (C32/40) 764,750
steel 208,882
Steel Rebar 26,345
Deck plate 18,176
i/[]l;cse};ll:lgs Fire protection cover 9,190

(Table 1) Structural Design Changes

Beam  Column Slab

Span Span Depth

(rm)  (mm)  (mm)
#0 CS]:S 002_53:[‘15 2,500 5,000 150
#1 CSI;S 03_255-“5 1,250 5,000 150
#2 0858350—05:[‘1 8 5,000 5,000 180
#3 CSISS 0(75;20 7,500 5,000 200
#4 C£‘5S 01()_020-"[25 10,000 5,000 250

#5 CB??;-SSO_TI 5 2,500 1,250 150
#6 (382?5_550:[1 5 2,500 2,500 150
#7 CB];?(Z)-SSO-TE 2,500 7,500 150
#8 CSFOSOZOS-g_Tl 5 2,500 10,000 150
#9 (BE.%_OS-H 5 2,000 4,000 150
#10 CBEOSS?SO_TI 5 3,000 6,000 150
#11 (Bgn%ogﬂ 8 4,000 8,000 180
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(Table 3) Calculation of Carbon Emissions
by Step

Carbon Emissions
Step/Module ,
(CO%)  (kgCOwe/m)
Production 587 439
Transportation 33 25
Ons-site activities 10 7
Disposal of on-site 18 14
waste
Dismantlement 5 3
End of life 19 14
Pure carbon emission 648 484
Total carbon emission 671 502
Recycle stage -89 -66
Life Cycle 582 436
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(Table 4) Carbon Emissions Calculation
Results of Models (Beam Span Change)

Carbon emission Al AC D AD

per unit area -A5
#0 CSI;S 0(%—550:[15 484 502 -66 435
#1 CS];S 03—25:[“15 489 506 -67 439
#2 CSSB?O-OS-H 8 494 513 -66 447
#3 CSES 0(7)-580_T20 588 608 -78 530
#4 C;f 010_020_,[25 690 713 90 64

Units : kgCOe/m’
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(Table 5) Carbon Emissions Calculation
Results of Models (Column Span Change)

Carbon emission Al AC D AD

per unit area -A5

#0 cs?fsoﬁs 484 52 -66 435

#5 CS]13§?>-58(,)"£15 52 610 -8 528

#6 @ngfgﬁs 517 535 71 463

#7 cslsi(zfgﬁs 57 545 73 472

#8 CSl%SOZOS-g-TlS 545 562 75 487
Units : kgCOe/m’”
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(Fig. 9) Carbon Emissions of Models
(Column Span Change)
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(Table 6) Carbon Emissions Calculation
Results of Models (Beam & Column Span
Change)

Carbon e.zmlsswn Al AC D AD
per unit area -A5

BS250-

#0 CS500.ST15 484 502 66 435
BS200-

# C5400-ST15 M3 460 0 3
BS300-

#10 CS600.STI5 513 531 71 460

#11 BS400-CS800-ST18 574 593 77 516

Units : kgCOse/m’
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(Fig. 11) Carbon Emissions of Models
(Beam & Column Span Change)
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