KSCE Journal of Civil and Environmental Engineering Research ISSN 1015-6348 (Print)
Vol. 41, No. 3: 289-296/ June, 2021 ISSN 2287-934X (Online)
DOI: https://doi.org/10.12652 /Ksce.2021.41.3.0289 www.kscejournal.or.kr

Construction Management

G-SEEDE AlLHZ)| QUST HIE K S Aot 2N 1)
T,

* A k¥
AR Zs

Kwon, Seong-Min*, Kim, Byung-Soo**

Development of an Economic Assessment Model for the Selection
of Indoor Air Pollutant Low Emission Material for G-SEED

ABSTRACT

The Korean construction industry has been implementing G-SEED, a certification system that evaluates the environmental properties
of buildings for the purpose of reducing environmental burdens such as energy and resource consumption and pollutant emissions.
Also, creating a pleasant environment in general is one more purpose of G-SEED certification system. However, G-SEED certification
in practice is difficult and time consuming due to the complexity of the certification acquisition process coupled with little economic
consideration for the materials of each certification item. Therefore, in this study, we present a model for the optimal selection of
materials and economic assessment using a genetic algorithm. The development of the model involves building a material database
based on life-cycle costing (LCC) targeted at “Application of Indoor Air Pollutant Low Emission Material” from G-SEED. Next, the
model was validated using a real non-residential building case study. The result shows an average cost reduction rate of 74.5 %
compared with the existing cost. This model is expected to be used as an economically efficient tool in G-SEED.
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G-SEED Certificate Examination Standard

7 Specialized Fields

Land Use and Energy and Material and
Transportation Environmental Pollution Resource

&

ater Circulation Miaintenance
Management

Ecological Indoor
Environment Environment

—

7.2 Securement of Natural Ventilation Performance
7.3 Design of Outdoor Air Supply and Exhaust Vent

7.5 Installation Level of Automatic Thermostat

7.1 Application of Indoor Air Pollutant Low Emission Material

7.4 CO2 Monitoring System Operation and Ventilation Volume Evaluation

7.6 Adoption of Pleasant Indoor Environment Control Method

7.7 Sound Insulation Performance of Boundary Wall Between Rooms
7.8 Indoor and Outdoor Noise Level of Traffic Noise(Road, Railway)
7.9 Shade Installation for Direct Sunlight Control and Glare Reduction
7.10 Creation of Dedicated Rest Area

Fig. 1. Research Scope
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Analysis of G-SEED Certificate Examination Standard
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¥

Utilization of GA(Genetic Algorithm)

Setup Conditions

= Parameters(Population Size, Mutation Rate, Crossover Rate)
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¥

Material Selection & Model Verification

Fig. 2. Research Process
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Fig. 3. The G-SEED Evaluation Process
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Table 1. G-SEED Certificate Examination Standard of “7.1 Application
of Indoor Air Pollutant Low Emission Products”

Application Site of Points
Category Indoor Air Pollutant -
Low Emission Products | Wall | Ceiling | Floor
Finishing Materials| The indoor air pollutant | 2 1 1
Adhesive low. emission Products 1 1 1
| applied to the site (wall,
Other Interior ceiling, floor)’s surface ) ) |

Materials are suitable for standards

Sum of Points for Each Application Site +

Score Calculation (Number of Floors x 4)
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Table 2. Collection of Material Information
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57} PR 0 2= SR EXSPH(PWM, Present Worth Method)
3} A57TAH(AECM, Annual Equivalent Cost Method)o] )=
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Issuing Agency Items

Material Information

Eco-friendly Construction Material Information Product Specification, Unit, Price

Korea Environmental Industry

& Technology Institute Status of Certified Products for Eco-Label

Object Product Group, Company Name, Product Name,
Purpose of Use, Certification Reasons

Table 3. Life-Cycle Costing (LCC) Calculation Process

Initial Cost Replacement Cost Maintenance Cost LcC
(A) (B) ©)
Material Price from “Eco-friendly S o (144,)" —1 )
. . . ——XA4 1 Repair Rate X A A+B+C
Construction Material Information” w=1 (1+4.)" =i ()" mras fepaar e

» Inflation Rate (/) = 1.72 %, Average Inflation Rate, Statistics Korea (2010-2019)
» Nominal Discount Rate (4, ) =2.025 %, Average Key Rate, Bank of Korea (2010-2019)

1+i,

» Real Discount Rate (7,) = 15/

=03%
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Fig. 4. Basic Flow Chart of a Genetic Algorithm
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Target Score

Wall 4,565m
Area Ceiling 1,633m
Floor 1,633m
Site Object Product Group Product Application Sites LCC(W/m) | 1 or O(With or Without) | Cost(#/ni)
Paint Product1 7(Wall/Ceiling/Floor) 6,329 1(With) 6,329
. Paint Product2 7 (Wall/Ceiling/Floor) 12,342 0(Without) 0
Material Wall = _
Database Wallpaper Product3 4(Wall/Ceiling) 8,693 0(Without) 0
Wall Covering Product4 1(Wall) 33,014 1(With) 33,014
Ceiling
. Floor
Category Wall Ceiling Floor

Score/Cost

Calculation

Finishing Materials

2 or 0(With or Without)

1 or 0(With or Without)

1 or 0O(With or Without)

Adhesive

1 or 0(With or Without)

1 or O(With or Without)

1 or O(With or Without)

Other Interior Materials

2 or 0(With or Without)

2 or 0(With or Without)

1 or 0(With or Without)

Cost

A

B

C

Calculated Score

Total Cost

> (Points of Each Category) + (Number of Floors)

> (Each Cost x Area of Each Application Site)

% With or Without: 1 = With(Use), 0 = Without(Not Use)
% Application Sites Classification: 1=Wall, 2=Ceiling, 3=Floor, 4=Wall/Ceiling, 5=Wall/Floor, 6=Ceiling/Floor, 7=Wall/Ceiling/Floor

Fig. 5. Score Calculation Process
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Score Calculation

Objective Function

Minimum Cost

WEICEIDEEERS

+ Price(LCC)

* Unit » .
+ Object Product Group Sites
«  Application Sites

« Target Score
Area

category Finishing Materials / Adhesive / Interior Materials

Wall / Ceiling / Floor

OUTPUT

Parameter Setting

Population Size
Mutation Rate

» * Calculated Score
Crossover Rate | « Optimal Cost

(Wall, Ceiling, Floor)

= With or Without

[ selection |—{ Crossover —| Mutation

(Minimum Cost)
arget Score Satisfied

« Optimal Material
(Target Score = Calculated Score)

arget Score Unsatisfied,

(Target Score<Calculated Score)

Fig. 6. Material Selection Model Process
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Table 4. Result of Iteration Trial (Parameter Setting; Cost Unit: 1,000)
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A REAEEFITE T A3, Table 59F 2] 80,00041|thellA]
68.9 %, 160,000ANoI4] 77.6 %2] H]E H7FES Holtl}
320,000 A1 AE 79.7 %2 160,000t o] Aulsd
Hl-g- A7kEe] 2jol7h 2 % e 2 VRERSTE o] AARE tiH]
I Fko] FA] gor g B wdloHE 160,00041S 2o
ANz 2 AAsrh

Category Population Size Crossover Rate Mutation Rate Execution Time Cost
50 0.5 0.075 5 min 47 sec 455,702
Change of 75 0.5 0.075 6 min 03 sec 483200
Population Size
100 0.5 0.075 5 min 56 sec 442,111
100 0.4 0.075 6 min 28 sec 495,539
Change of 100 0.5 0.075 5 min 56 sec 442,111
Crossover Rate
100 0.6 0.075 5 min 42 sec 484,687
100 0.5 0.075 5 min 56 sec 442,111
Change of 100 0.5 0.15 5 min 57 sec 524,028
Mutation Rate 100 0.5 0.225 6 min 21 sec 525,493
100 0.5 0.3 6 min 12 sec 537,928
Table 5. Result of Iteration Trial (Stop Condition Setting; Cost Unit: ¥1,000)
Division Settings Generation Au.mber Execution Time Cost Cost Reduction Rate (%)
(Stop Condition)
1 Population Size: 100 80,000 1 hr 14 min 69,524 68.9
2 Crossover Rate: 0.5 160,000 2 hr 29 min 50,051 77.6
3 Mutation Rate: 0.075 320,000 4 hr 49 min 45268 797
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Fig. 7. Model Verification Results

Table 6. Model Verification Results (Cost Unit: ¥ 1,000)

Certification Score
Case Case Information — Initial Cost | Optimal Cost | Cost Reduction Rate (%)
Initial Target Calculated
Area (Wall) =691 m?
A Area (Ceiling/Floor) = 3,392 ¢ 3 3 3 251,603 52,520 79.1
Area (Wall) =2,105 m*
B Area (Ceiling/Floor) = 4,060 r? 291 291 3 278,028 96,173 65.4
Area (Wall) =9,756 m*
C Area (Ceiling/Floor) = 7,641 it 2.96 2.96 3 1,007,019 210,385 79.1
Average 74.5
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