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Abstract As abnormal climate phenomena frequently happen due to the after-effect of the global warming, all
nations suggest climate change response policies in many different fields to prevent global warming by reducing
greenhouse gas. Especially, these days, the realization that the greenhouse gas from city buildings should be
decreased is growing, and it is because that buildings are accounted for a quarter of national greenhouse gas
emission and it is more than half the percentage of emissions within the city. Accordingly, Korean government
sees the need to take an initiating role to fulfill low-carbon green policies and promotion strategies in the
public sector, and wants to facilitate greenhouse gas reduction in the private sector as well. In this background,
this study tries to examine the low-carbon planning element in public buildings and figure out the amount of
carbon reduction and economic analysis centering Cheongju city as case study. Lastly, we propose some
suggestion for low-carbon and greening of public buildings.

Key Words : Carbon reduction, Cheongju city, Low-carbon, Planning element, Pubilc building
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[Table 1] Classification of public buildings*

classification contents

public office, dong office, police station,
administration|constabulary, policing center, fire department,
/public 119 safety center, post office, telephone
company, tourist information

child care facilities, welfare facilities for the

welfare elderly/women/disabled person, youth training
facilities

education/ elementary school, middle school, high

research school, public library

culture/ arts center, community center, exhibition

community halls, theaters, museum of art, museum
environment/ |resource recovery facilities, recycling center,
sanitation public toilet

medical hospital, health center
others cojho.uslng by public agencies, complex
building

*Seoul-city, “Guideline of public buildings’, 2008.
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[Table 2] Low-carbon planning element according to
building component

separation

low-carbon planning element

facade

wall  greening, outdoor  advertisements
maintenance, facade color and pattern,
awning facilities and louvers, solar canopy

materials/
equipment

low-carbon wall, solar/photovoltaic power,
waste disposal facilities, LED lighting, high
insulation/confidential materials, high
efficiency windows, heat recovery systems,
cogeneration  systems, rainwater  storage
facilities, geothermal energy

form

pilotis, rooftop greening, passive/active solar,
water space, vegetable garden

arrangement

building alignment plan, wall surface line
plan, plan to open area or corridor plan in
the land, plan to composite wall and join
wall, natural lighting and ventilation, a joint
development, parking regulation easing

others

energy efficiency rating system

- eader -Leader leader )
1 [B31 [21zh

Sub-

[Fig. 1] Necessity of greening in public buildings
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[Table 3] Selection of analysis target public buildings

type target
Chungbuk province office, Heungdeok-gu

[Table 4] Current status of public offices

. Chungbuk Heungdeok ACh'ungbulf
separation province X district police
-gu office
office agency
low-carbon photovoltaic | photovoltaic | photovoltaic
planning element power power power
scale of facilities 32kW 86kW 25kW
total cost
(1,000won) 330,000 611,100 231,000
amount of 46Mwh | 139.1Mwh | 40.5Mwh
energy in annual

*Source: Each public office, Inner document, 2011.

[Table 5] Current status of community center

public offices office, Chungbuk district police agency . Topdaesun| Youngun | Bunpyeon | Naedeok2
Topdaesung-dong community center, Youngun- separation g-dong -dong g-dong -dong
community |dong community center, Bunpyeong-dong low-carbon
center community center, Naedeok2-dong community planning p.hotovolta Photovolta p.hotovolta Photovolta
center element ic power | ic power | ic power | ic power
environmental |Cheongju wide area incinerator, Cheongju
facilities enviroinental office ¢ ;:jilﬁtizz 10kW 10kW 10kW 10kW
welfare Gagyeong welfare facilities, Woro welfare total cost
facilities  |facilities, Naedeok welfare facilities (1,000won) 100,000 | 100,000 | 100,000 | 100,000
gym Cheongju badminton tackwondo gym amount of
library Cheongju information library energy in 16.2Mwh | 16.2Mwh | 16.2Mwh | 16.2Mwh
hospital Cheongju senior citizen’s hospital annual
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(b) Heungdeok-gu office

office
[Fig. 2] Foreground in public offices

*Source: Cheongju-city, Inner document, 2011.
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(a) Cheongju wide area
incinerator
[Fig. 3] Foreground in environmental facilities

(b) Purmi sports center

[Table 6] Current status of environmental facilities

. . . environmental
separation wide area incinerator .
office
low-carbon remaining | wasting small photf)volt
. heat heat aic
planning element hydro
recovery | recovery power
s 290 22,000
scale of facilities Gealfday | kWhyday 150kW | 50kW
total cost
(1,000won) 700,000 700,000 |740,000| 358,000
amount of 8,030.0 | 1,143.4 | 80.9Mw
energy in annual 134.8Mwh Mwh Mwh h

*Source: Cheongju-city, Inner document, 2011.
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[Table 7] Current status of welfare facilities
Gagyeong Woro Naedeok
separation welfare welfare welfare
facilities facilities facilities
low-carbon photovoltaic | photovoltaic
planning solar power
power power
element
scale of 10kW 30kW 110m
facilities
total cost
(1.000won) 92,000 319,000 113,671
amount of
energy in 16.2Mwh 48.5Mwh 31.2Mwh
annual
*Source: Cheongju-city, Inner document, 2011.
5) Als-us-ow AAE
ASAIA, AGAA, YBAE R g dHAAE
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a3 RPF BFo] # H=E 24T
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(a) badminton tackwondo

(b) Cheongju-si
gym information library
[Fig. 4] Foreground in gym and library

[Table 8] Current status of gym, library and hospital

. badminton ?heong]l.l_m .St?mor,
separation tackwondo information | citizen’s
sym library hospital
lox;/a-rcl;a;l:on photovoltaic | photovoltaic | photovoltaic
l;lemen% power power power
scale of 20kW 6kW 30kW
facilities
total cost
(1,000won) 163,000 17,520 300,000
amount of
energy in 32.4Mwh 8.1Mwh 48.5Mwh
annual
*Source: Cheongju-city, Inner document, 2011.
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[Fig. 5] Type of low-carbon public buildings in Cheongju
city
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[Table 9] Applied low-carbon planning element
amount of | amount of
separation number of scale | energy in | energy in
L y Y
facilities annual annual/kwh
photovoltaic |, 329kw | 525Mwh | 0.62kwh
power
heat
recovery 2 29,803kw | 8,165Mwh 3.65kwh
system
small hydro 1 150kw | 1,143Mwh 0.13kwh
total 16 30,282kw | 9,833Mwh 3.07kwh

[Table 10] Synthesization of analysis

30,282kwi 0]F 98.4%F AA|Sh= B Aol 5f
Lo A 7pg 2 Aldolth ool el WS S 1kw
g ARt AR AikE Alts) 2 A, E3) ALY
3.65kwh, E|Fg wPHo] 0.62kwh, A&gEERA O]

0.13kwho 2, A8} 2eo] ] i o 7P e o
7F ouAE Akt Gl Ao Uehde

o]

el g -

* - —

photovoltaic heatrecovery small hydro
power system

total

[Fig. 6] Comparison chart of low-carbon planning
element

low-carbon planning element buildings component building utilizing
separation application scale irrr:;ugl;t i(:1f facad | materials/ form |dTTANEE| 4 existing| new
facilities (kw) annual(Mwh) e |equipment ment
Chungbuk province office | photovoltaic power | 32 46 [ )8 [©
Heungdeok-gu office photovoltaic power | 86 139.1 [ ©)
Chungbuk district police | photovoltaic power | 25 40.5 [ ©
Topdaesyng—dong photovoltaic power | 10 16.2 [ J @)
. community center
administrat " 3
ion/public oungun-gong photovoltaic power | 10 16.2 [ ] O
community center
Bunpye(?ng—dong photovoltaic power 10 16.2 [ ] O
community center
Naede(?kZ—dong photovoltaic power 10 16.2 [ ] O
community center
o remaining heat | o7 o7 | 34 ° o ®)
. Cheongju wide recovery
environme ge -
area incinerator sting heat
nt/sanitatio W‘:Zc‘gfer;a 1,833 | 80300 ° o ©
n
Cheongju small hydro 150 1,143.4 [ ) ©
environmental office | photovoltaic power | 50 80.9 [ ] ©)
Gagyeot.lg .welfale photovoltaic power | 10 16.2 [ e} @)
facilities
welfare vy p
Woro welfate facilities | photovoltaic power | 30 48.5 [ ] ©
Naedeok welfate facilities solar power - - [ ©
culture( Cheongju badminton photovoliaic power | 20 0.4 PY )
community tackwondo gym
education Cheong]L.l information photovoltaic power 6 8.1 PY o
[research library
medical Cheongju senior citizen’s photovoltaic power | 30 48.5 [ ] O O O
hospital
total 30,282 9,833.2 5 12

note

@ main low-carbon planning element
O sub low-carbon planning element :
sticking insulating film, LED lighting, high-efficiency boilers and pumps, geothermal energy
,BIPV system, Piloti, natural placement utilizing

Insulation construction, complement with windows and
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[Table 11] Ouput of carbon reduction BA51G0) 0|2 93 7|23 AZAEEZ ZF 57189
— A%EL dAoR 7k dedee] dead 43
b issi t of =] =
separation | energy in carbon emission amount © 7S Holo] @t AY8aS Fokgnt o7]o4
) factor* reductions - ~
annua Aelagol 84 Jadrks dRadely 48ad
ph‘;:g‘:‘:r‘aw 525Mwh | 0.424 tCO, /Mwh | 222.6tCO, Z|Eor dgste duRs(thy 2589 Vedrke
© 8519t
heat
recovery 8,165Mwh | 0.424 tCO, /Mwh | 3,461.9tCO,
system 3.3.2 EXH| 8l47|7te| ARY
small hydro | 1,143Mwh | 0.424 tCO. /Mwh | 484.6tCO» ﬁé‘/\gﬂ'ﬂ} _é_. }\]‘%]]:l] Z_]-Q,] H]ﬂ% %‘H E%lﬂ 7é1_‘11].
total 9,833Mwh 4,169.1tCO- L 7|2 AZE AL Ex| 347|7to] HA38.363
*Korea Energy Management Corporation, 2006 O 7 AEE|QIth HFA] SHAAIY AL g v A
o] 112|082 744 whar] SxpulE 8j4 & 4= gl
Ha), FE £ 56102 7P 71 71t AA Fap
[Table 12] Payback period due to electricity prices
. . o standard @.. @ pa.yback
separations public buildings scale* formula rices electricity total cost | period(yr)
P prices(won) (won)* @+
Heungdeok-gu office 86kw 86kw*6h*30days*12month | nomal(gap) | 15,325,620 | 611,100,000 39.9
Chungbuk province office 32kw 32kw*6h*30days*12month | nomal(gap) | 5,887,600 | 330,000,000 56.1
i 1 offi
- environmental office 150kw | 150kw*15h*30days*12month | nomal(gap) | 65,836,980 | 740,000,000 |  11.2
existing (small hydro)
i 1 offi
environmental oftice 50kw 50kw*6h*30days*12month | nomal(gap) | 9,033,620 | 358,000,000 |  39.6
(photovoltaic power)
Gagyeong welfate facilities 10kw 10kw*6h*30days*12month | nomal(gap) | 2,042,440 92,000,000 45.0
Naedeok2-dong 10kw 10kw*6h*30days*12month | nomal(gap) | 2,042,440 | 100,000,000 |  49.0
community center
Chungbuk district police 25kw 25kw*6h*30days*12month | nomal(gap) | 46,620,60 | 231,000,000 49.5
new information library 6kw 6kw*6h*30days*12month education 1,263,080 17,520,000 139
senior citizen’s hospital 30kw 30kw*6h*30days*12month | nomal(gap) | 5,537,980 | 300,000,000 542
Cheongju wide area 22,000 g 71w 15h*30days* 1 2month | nomal(gap) | 400,976,900 | 700,000,000 | 1.7
incinerator kwh/day
<calculation of electricity charge>
(Dbasic fare: 5,400(won/kw)-nomal
3,160(won/kw)-education -based on low-voltage power and electric charges are calculated conditions in
@usage fare: 94.50(won/kw)-7~8month select sectors, based on the contract power / rates apply all the power 4kW.
58.90(won/kw)-3~6month g pow PPy pow :
[9~10month The ‘h’ of calculation is hours of sunshine daily, or facilit time
note 77.90(won/kw)-11~12month u U U ¥ ¥ uptime.
(Belectricity fare: M+@)-D.C of welfare . . . . .
@VAT: 3x0.1% -The Cheongju wide area incinerator adjust to unit.
(®power industry based funds: 3x3.7%
Oxtotal billed charges: @+@+®

*Cheongju-city, “Investment in renewable energy development and dissemination”, 2011.
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[Table 13] Investment costs per carbon reduction
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investment | amount of D@
public buildings cost(won) | reductions (w;m)
® @
Heungdeok-gu | ¢, 100.000| 58.9tc0, |10375212
office
Chungbuk | 3 500,000| 19.5tC0, |16923,077
province office
environmental
office(small | 740,000,000|484.8tCO> | 1,526,403
h
existing - ydro)
environmental
office 1 358 000,000| 343tC0, |10437,318
(photovoltaic
power)
Gagyeong | 4 100,000 6.8(CO, |13,529.412
welfare facilities
sub total  |2,131,100,000|604.3tCO, | 3,526,560
Naedeok2-dong
community | 100,000,000 6.8tCO |14,705,882
center
Chungbuk | 41 000,000| 17.11CO, | 13,508,772
district police
new | Inormation 17,520,000 3.4CO. | 5,152,941
library
Senior CIzen’s | 35 100,000| 20.5¢CO, | 14,634,146
hospital
Cheongju wide |2 10 000|604.3tC0, | 1,158,365
area Incinerator
sub total  |2,779,620,000|652.1tCO2 | 4,262,567
total 4,910,720,000| 1,256tCO, | 3,909,808

[Fig. 8] Comparison chart of investment cost per carbon
reduction
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