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Abstract

Recently, eco—friendly energy has been employed in diverse fields of industry in order to reduce environmental
pollution and secure a new growth engine. In particular, practical applications of photovoltaic energy, such as building
integrated photovoltaic systems, have been implemented to the construction industry based on the extensive interest
in photovoltaic power as an unlimited and sustainable energy. While the construction of a high-rise building requires
large amounts of energy, methods of reducing energy consumption in the construction phase have rarely been studied.
Based on this motivation, the research proposes a photovoltaic based formwork system (PVFEFS), and then performs a
design and feasibility analysis for its application to the construction of a high-rise building. Using a case study, the
research implements various analyses, including area, position, and total allowable weight required by PVFS, and
evaluates the influences of PVFS on the construction processes, as well as its economic feasibility. The proposed
PVES can be adopted to a real-world project in the near future, depending on the advancement of technology and
economic feasibility. The results of this research will contribute to establishing a construction environment that
promotes a reduction of energy consumption by using eco—friendly energy in the construction phase.

Keywords : Eco-friendly Energy, High-rise Building, Construction Phase, Photovoltaic Based Fomwork System (PVFS), Feasibility Analysis
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Table 1. Classification of solar cells by generation

Market Module
Category share(%) efficiency(%)
18t Single crystal Si 42 15
generation  poly crystal Si 43 12
n-v Below 0.1 35
; Thin-film Si 12 8
2ﬂ
generation CdTe 21 10
CIGS 0.2 12
Dyes Below 0.1 7
3d Organic Below 0.1 Below 5
generation Nano _ _
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Figure 1. Design procedure of PV system
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Table 2. Review of alternatives for PV system application

Alternatives Use Review results

Power supply - Necessity of electricity over 26kW
for equipment - Insufficiency of required area for PV
operation module installation

Lifting
equipment

Power supply - Unsafe degree of temporary structure
for temporary - Changeability of installation area
substructures - Possibility of wide shade

Safety
handrail

- Advantage over obtaining incident angle

System P&Wﬁrdf:a%y by placement on the uppermost story
formwork n¥otor - Uniform installation area

- Intermittent operation
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(b) Hydraulic
cylinder

(a) Sectional view of
auto climbing system

(¢) Hydraulic
pump

Figure 2. lllustration of auto climbing system
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Table 3. Descriptions of case-study project and facade

formwork
Category Descriptions
Project name 00O apartment project
Address Hagik—dong, Nam-gu, Incheon, Korea
Number of buildings 4
Number of stories B2F~53F
Structural type Reinforced concrete structure
Cycle time 4~5(days)
Floor height 3.1(m)
Model name RCS
Facade Allowable load 5(ton/cylinder)
form Lifting speed 0.5(m/min.)
work '
system | Capaaly of 37(kW) / 3-phase 380(V)

Number of units 28(units)
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(a) Elevation of case-study
building

(b) Zoning plan and RCS layout
on typical floors

Figure 3. Elevation and Rail Climbing System (RCS) layout of
case-study building
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Table 4. RCS application on case-study building

A zone B zone

Total

East West South i East West South North

Number

of Units 4

4 5 4 4 1 6 28

‘(\[ﬂ?? 916 883 1011 95 80 215 1114 5904
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Table 5. Capacity computation of RCS hydraulic motor

Category Calculation Results

A zone 3.7(kW)x[7(min.)+60(min.)]x7(times) 3.02(kwh)

B zone 3.7(kW)x[7(min.)+60(min.)]x8(times) 3.45(kwWh)
Daily average

power [3.02(kWh)+3.45(kWh)]+4(days)x2(days)  3.23(kWh)
consumption

422 WpAA Aol &3 M W5 A
P\/‘/\]/\Eﬂ‘/] EHO]:;({x] /UuH‘/] EHO}:;({}] /HlO o];ﬁ-(:s_]:
S0 gsto] M BFRIAl Eat, Faidu] ARl
ofel] Bagh WSS 7] i3t W] Al HlPHA
ofglo]z T4k
geFelA] ofglo]e] Zei
woro) 2 83 27,
Table 52] 3.23kWho]w,
= Aoz B AAHL
Asoms 18 Hgais,
o] AL £x]0l 125

}‘

-

iy *ﬁloilvﬁlT R‘C_‘ A
AgoIiem, Hy Gee Aed?]
A 455k AR 0] ARSI 3. 6kWhE 28313t} E
o FHEAAS Ke AFEAAS Ko, =244 K,

OIHEEE vy 50F LEFoRH, ek A8 42%]9)

=211

0.5% #1315tk olol wteh 35t Heiafe] o8] e
WS @) S HeRRA ool el

9. 15kWp.o& A=)

Table 6. Electrical characteristics of applied PV module

Category Descriptions
Rated capacity( 17}, 200W
Rated voltage(V},,,) 26.81V
Open circuit voltage( V) 33.1V
Size(mm) 1459x979x40
Weight(kg) 17.2
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Table 7. Capacity and number of batteries, and inverter

capacity
Category Calculation Results
. 3.23x (1+3)

Batt s _— 23.4(kWh

attery capacity 0.65 < 085 ( )

Required number 23.4k Wh >< 1000 = )
of battery 2 VX 10040 19.5=20(units)

Inverter capacity 3.7kWx5 18.5(kW)
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Figure 4. PVFS installation plan

4.3.2 PVFS 5% 2 AFH 3 &35
PVFSE AF¢ ofd 9wl dx|emg PVFSY)

q
5 TS APgst] AFR A filell ARk o A
3 sl8sles 2ABA| ok=Alef gt HEZL daslct
PVFSQ] 3 APgS flete] AFY 1h 4ol ejFaz|w
E & 110 F 3uiE A8k A0E 7Hsigon, Ao
£ 54 4SS §Jslo] ZAR)9F AMEE AT U f
Yol 8 k= Ao siglch 7MddiE ejFdA] of
glo]e] SHof| Halwlo] HlofdA BES FRHoE 114
ap7) 9J3t Z0=, YN o R AT Yo R TS
APJSHIcHTable 8).



Photovoltaic Application in System Formwork Operations of High-rise Building Construction

Table 8. PVFS weight computation

Elements Size(mm) Calculation Slfgr?;al
PV module 1459x979x40 17 2kgx3pieces 0.051
Battery 330x171x217 25.6kg>20units 0.512
Inverter 600x900x500 185kgx 1unit 0.185

Linking device [(1.459m=2pieces*3units)+
(Channel) 100x50~20~3.2 (0.979mx4units)]x5.5kg/m 0.069

Others Sub-linking device, cable, etc. 0.05
Total weight of PVFS 0.867
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Table 9. Review for duration of PV system design and
installation, and the time for formwork procurement

Category Review results

Duration of PV system design
and fabrication

within 2 months

PV system )
manufacturing Duratli?]rslt:”fag’o\/n array within a week
company
Duration of other equipment _
installation and electrical wiring 3~5 days
' starting at the
Formwork contract time foundation work
manufacturing 15 days before
company supply time on the site the RCS

installation time
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Table 10. Initial costs of the PVFS

Category Capacity ~ Quantity U?&O?SST S%\?/C}r?)tal
PV module 200W 11 600,000 6,600,000
Battery 12V 100AH 20 265,000 5,300,000
Inverter 20kW 1 15,000,000 15,000,000

Installation _
cost 1 3,000,000 3,000,000
Total cost 29,900,000

Table 11. Input data for the economic analysis of PVFS

Category Calculation Results(won)
B(i) 3.23kWh/dayx365day>*75won/kWh 88,421
GHG(i) 0.49t C'O,x21,000won 10,497
G Table 10 29,900,000
OM(i) Ch*1% 299,000
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