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ABSTRACT

With 12 environmental basic facilities (EBF) in Busan, each business place's present situation of the operation of new
and renewable energy as well as the feasibility to establish additional systems of utilizing solar energy (photovoltaic
power generation system [PPGS] and solar heating system [SHS]) were investigated. Currently, with the environmental
basic facilities, the new and renewable energies (such as, waste heat, biogas, PPGS, SHS, and small hydro power)
can produce 195 GWh per year as electric power unit. Among the energy sources, except waste heat, biogas (154
GWh/yr) appears as the highest. Next, PPGS is the second most widely used system and produces 5560 MWh/yr
at 11 business places. Through a field survey, it appears that 19 business places of total 27 places at 12 EBFs have
good locational conditions and they need an introduction of PPGS. Through it, it is investigated that it would be
possible to produce 5,311 MWh/yr and to reduce 2,348 tCOy/yr. And, it is identified that SHS can be additionally
introduced in only 4 EBFs. This can reduce energy cost as much as one ten million won/yr and green-house gas as
much as 28 tCO,/yr. A cost-benefic analysis shows that the use of governmental support or private investment can
be the most efficient way, when PPGS and SHS are introduced in EBFs.
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Table 1. Locations and characteristics of environmental basic facilities in Busan

New and renewable energy

No Site Facilities
Energy source Production (MWh/yr)

1 Suyeong Sewage treatment Solar cell/heat, small hydro, biogas 29,106
2 Haeundae Sewage treatment, waste resource Solar cell, incineration waste heat 47,427
3 Jeonggwan Sewage treatment, waste resource Solar cell 72
4 Gijang Sewage treatment Solar cell/heat 183
5 Nambu Sewage treatment Solar cell/heat, biogas 746
6 Joongang Sewage treatment Solar cell 225
7 Gangbyeon Sewage treatment Solar cell, small hydro, biogas 9,987
8 Seobu Sewage treatment None None
9 Noksan Sewage treatment Solar cell 1,269
10 Wisaeng Sanitation Solar cell 213
11 Saenggok Landfill Solar cell, LFG 13,931
12 Myeongji Waste resource Incineration waste heat 93,354
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Table 2. Input data for analyzing economic feasibility of solar power according to investment method
Private Self Governmental
Parameters . . Note
mvestment mvestment support
Cost - Truss 2,800 thousand-won/kW
(won) According to site 0 - Beam H 2,500 thousand-won/kW
- Space frame 3,300 thousand-won/kW
C(E/P};(;:)y According to site Application -
Operating rate .
%) 15.5 15.5 15.5 - The present operating rate for solar cell
Facility efficiency
95 95 95 -
(%)
E ic lif S,
conomie e 20 20 20 - Economic life in solar cell
(year)
Operat;ng cost 1 1 1 - 1% of investment cost
(%)
SMP 150.7 - Electricity price between power producer and Korea
(won/kWh) ’ electric power
REC
171.9 - - -
(Won/kWh)
1.2 - - Under 100 kW (general site)
Weight value 1.0 - - More than 100 kW (general site)
1.5 - - Less than 3 MW (roof)
Electricity sales - Private investment: SMP+(RECx1.2)
v 356.98 100.70 100.70 - Self-investment or government support : Electricity
(won/kWh) .
sales for industry purposes
Emission factor of CO,
442 442 442 - KPX, 2014
(to/MWh) 0 0 0 » 20
Market price of tCO; 20,000 20,000 20,000 - Predictive value in market price
(won)
Income tax
20 0 0 -
(%0)
Discount rate
5 5 5 -
(%)
If the capacity is under 100 kw (general site) or less than 3 MW (roof), fixed weight value is applied, while if the capacity is
more than 100 kw (general site), a mixed weight value is applied(mixed weight value = [(100 kw x 1.2) + ((total capacity — 100
kw) x 1.0)]/total capacity)
Se atslo] ARjlas E EioRY AEE AR 2 [good]: HE: AollE fls, A 8ol ARSA 2712]. EF not
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Fig. 1. Annual new and renewable energy production and site area (a) and annual energy production except waste
heat of incineration (b) at environmental basic facilities in Busan.

Table 3. Analysis of generating efficiency of photovoltaic power generation system according to environmental
basic facilities in Busan

Installation Capacity Annual — Theoretical Real/ Note

Site Position production  production  theoretical .
k
date CW) Whir)  oWh, 95%) (%) (operating day)

The roof of headquarters building(#1)  2008.12 30 38,000 38,697 98 365
Suyeong  The roof of headquarters building(#2)  2010. 2 50 58,000 64,496 90 365

The air distribution system building

and dehydration buildiing 2013. 9 125 159,103 160,981 99 117
Gangbyeon The bioreactor(#1) 2013. 2 1,807 2,742,964 2,330,867 118

334

Nambu The roof of maintenance building 2012. 6 70 87,000 90,294 96

The flower garden in parking lot 2008.12 157 196,000 202,516 97 365
Noksan

The bioreactor 2013. 8 632 982,861 815,352 121 166
Jeonggwan The roof of parking lot 2012. 8 65 72,000 83,844 86 365

e P & ' ’ ’ (The impact of trees)

Gijang e roof of sand filter and equipment ), o 135 173,000 174,138 99 365

buildings
Wisaen, The bioreactor 2012. 6 95 127,000 122,541 104 365

Sacng © ploreacto : . ’ (The impact of wind)
nd q:

Saenggok  1e roof of 2% disposal and flow ), 99 12968 127,701 9% 187

adjustment plants

* Annual production in 2013.
" Theoretical production (kWh) = design capacity (kW) x 8,760 x 15.5% x 95%.
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Fig. 2. Conventional and additional photovoltaic power capacity according to the environmental basic facilities in Busan.

Table 4. Additional annual photovoltaic power generating capacities and greenhouse gas emission reductions
according to the environmental basic facilities in Busan

Annual estimated

Average daily Annual Greenhouse

i production i
No Site Position C?]]:il;;ty operating time - gas reduction cons(;;teion
(hr/day) (MWh/ Ratio (tCO,/year)
year) (%)
1 The trail 100 3.53 129 1.58 57 Not bad
Suyeong
2 The aerobic and settling reactor 1,350 3.53 1,741 21.26 770 Not bad
3 The 2™ preliminary clarifier(2) 250 3.53 322 393 143 Good
4 Six spots 220 3.53 284 3.47 125 Good
Gangbyeon
5 The 2™ preliminary clarifier(1) 752 3.53 970 11.84 429 Good
6 The 2™ final clarifier(2) 923 3.53 1,191 14.54 526 Good
7 The parking lot in sports park 250 3.53 322 3.93 143 Good
Nambu
8 The trail lot in sports park 180 3.53 232 2.83 103 Not bad
9 The roof of preliminary clarifier 200 3.53 258 3.15 114 Good
Noksan
10 The roof of final clarifier 210 3.53 271 3.31 120 Good
11 The roof of equipment building 50 3.53 64 0.78 29 Good
Joongang
12 The roof of maintenance building 87 3.53 112 1.37 50 Not bad
13 The relay station 34 3.53 44 0.54 19 Good
Haeundae
14 The parking lot 42 353 54 0.66 24 Good
15 The roof of equipment building 156 3.53 201 2.45 89 Good
16 Jeonggwan The roof of maintenance building 30 3.53 39 0.48 17 Not bad
17 The sports park 200 3.53 258 3.15 114 Not bad
18 The idle site for Munoseong 460 3.53 593 7.24 262 Good
19 Gijang The disposal plant for Munoseong 70 3.53 90 1.10 40 Good
20 The gateball court for Munoseong 18 3.53 23 0.28 10 Good

http: //www.ekscc.re.kr
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Table 4. Continued

2N - RS - 2SS - OlcHA -
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AE

Average daily

Annual estimated
Annual Greenhouse

; production ;
No Site Position C?E?;;ty operating time - gas reduction cons(;fion
(hr/day) (MWh/ Ratio (tCO,/year)
year) (%)
21 Seobu The roof of SBR 240 3.53 310 3.78 137 N(.)
possible
22 Wisaeng The roof of control room 45 3.53 58 0.71 26 Not bad
The roof of flow adjustment plants
23 76 3.53 98 1.20 43 Good
#3 and #4) 00
Saenggok
The roof of flow adjustment plants
24 #5 and #6) 196 3.53 253 3.09 112 Good
25 The parking lot of living facilities 100 3.53 129 1.58 57 Good
26 Myongji  The roof of living facilities 57 3.53 73 0.90 32 Good
27 The roof of maintenance building 55 353 71 0.87 31 Good
6,351 8,190 3,623
3 . - > . 1 > N -
Sum 4,119) a3ty 10 o3

" () indicates the values of the position where site condition is
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Table 5. The fuel savings and greenhouse gas emission reductions by using additional solar heating system accor-
ding to the environmental basic facilities in Busan

Site Position Hea(tkcoll/lection i::;:;:l Cost reduction Gree@ouse gas
cal/yr) (KWhiyr) (Thousand won/yr) reduction (tCO,/yr)
Wisaeng The roof of maintenance office 15,598,336 11,336 1,141 5
Noksan The roof of administration building 9,442,112 6,862 691 3
Joongang  The roof of administration building 71,555,782 52,003 6,670 13
Jeonggwan The roof of administration building 20,976,439 15,779 1,588 7
Total 117,572,669 85,980 10,090 28
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Table 6. The economical analysis of photovoltaic power generation system by private investment

Annual
t t Annual NPV it
. » Capacity % Cos " o, PV B RR weight O'°
Site Position (Thousand- (Million production . (million . ondi-
(kW) wonkW)  won) (MWh) reduction on) ratio (%) value tions
(ton/year)
The roof of equipment
Jeonggwan building 156 2,500 390 201 89 360.9 1.821 12 1.50
Th f of i
Joongang ¢ foof of equipment 50 2,500 125 64 29 1157 1.821 12 1.50
building
Haeundae The relay station 34 2,500 85 44 19 78.7 1.821 12 1.50
Gangbyeon The six spots 220 2,500 550 284 125 509.0 1.821 12 1.50
Wisaeng  The roof of control room 45 2,500 112.5 58 26 104.1 1.821 12 1.50
Myeongji  The roof of living facilities 57 2,500 142.5 71 33 125.8 1.783 11 1.50
Myeongji  The maintenance building 55 2,500 137.5 69 31 119.5 1.771 11 1.50
Gijang The idle site for Munoseong 460 2,500 1,150 593 262 705.4 1.544 8 1.04
The roof of flow adjustment
Saenggok  plants 76 2,800 212.8 98 43 111.2 1.464 7 120
(#3 and #4)
The di 1 plant fc
Gijang e disposal plant for 70 2,800 196 90 40 1025 1464 7 120
Munoseong
The gateball f Good
Gijang e gateball court for 18 2,800 50.4 23 10 263 1464 7 120
Munoseong
The roof of flow adjustment
Saenggok  plants 196 2,800 548.8 253 112 254.1 1411 6 1.10
(#5 and #6)
Noksan ~ Lhe roof of preliminary 200 2,800 560 258 114 2586 1410 6 110
clarifier
Gangbyeon The 2™ preliminary clarifier 752 2,800 2,105.6 970 429 877.8 1.370 5 1.03
Gangbyeon The 2™ final clarifier 923 2,800 2,584.4 1,191 526 1,069.7 1.367 5 1.02
Mycongji  L1¢ Parking lot of living 100 3,300 30 129 57 90.1 1242 4 120
facilities
Haeundae  The parking lot 42 3,300 138.6 57 25 39.7 1.242 4 120
Nambu g::l’( parking lot in sports 250 3,300 85 32 143 1741 1187 3 1.08
Suyeong  The trail 100 6,500 650 129 57 —269.7 0.631 —7 120
Jeonggwan The sports park 200 6,500 1,300 258 114 —573.6 0.608 —7 1.10
Suyeong  Ln¢ 2nd aerobic and settling Lo, g 3,780 1,741 770 15487 1364 5 101
reactor
Noksan The final clarifier 210 2,800 588 271 120 269.8 1.407 6 1.10 E;)‘;
Jeonggwen 1 100f of maintenince 30 2,500 75 39 17 694 1821 12 150

building

http: //www.ekscc.re.kr
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Table 6. Continued

2US3 - olchA -

- HIE -

SRAJE] - 2Tl - R

Annual

t t Annual NPV it

. » Capacity % Cos " o, BC IRR weight O°
Site Position (Thousand- (Million production (million ) condi-
kW) wonkW)  won)  (MWh) reduction on) ratio (%) value tions

(ton/year)
The roof of maintenance
2 217. 112 201.3 1.821 12 1.
Joongang building 87 ,500 7.5 50 01.3 1.8 50 ot
bad
Nambu The trail in sports park 180 2,800 504 232 103 236.1 1.416 6 111

No
Seobu The roof of SBR 240 2,800 672 310 137 303.4 1.401 6 1.08 possi-
ble
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Table 7. The economical analysis of photovoltaic power generation system by self investment
Annual .
. . Capacity O Cost — Amual == NPV g gg S
Site Position (Thousand- (Million production . (Million . condi-
(kW) won/kW)  won) (MWh) reduction on) ratio (%) tion
(ton/year)
Haeundae  The relay station 34 2,500 85.0 44 19 —6.6 0931 —1
Wisaeng The roof of control room 45 2,500 112.5 58 26 —8.8 0931 -—1
Joogang The roof of equipment building 50 2,500 125 64 29 —9.8 0931 —1
Jeonggwan The roof of equipment building 156 2,500 390 201 89 —304 0931 —1
Gangbyeon The six spots 220 2,500 550 284 125 —43.0 0931 -1
Gijang The idle site for Munoseong 460 2,500 1,150 593 262 —89.9 0931 —1
Myongji The roof of living facilities 57 2,500 142.5 71 33 —142 0911 —1
Myongji ~ The maintenance building 55 2,500 137.5 69 31 —14.7 0905 —1
Gijang The gateball court for Munoseong 18 2,800 50.4 23 10 —96 0831 —2
Gijang The disposal plant for Munoseong 70 2,800 196.0 90 40 —373 0831 —2
The roof of flow adjustment
k 2 212. 4 —40.5 0.831 -2
Saenggo plants (43 and #4) 76 ,800 8 98 3 0.5 0.83 Good
The roof of flow adjustment
S k 196 2,800 548.8 253 112 —1044 0831 —2
ACNBEOK Dlants (#5 and #6) ’
Noksan The roof of preliminary clarifier 200 2,800 560.0 258 114 —106.5 0831 —2
Gangbyeon The 2™ preliminary clarifier 752 2,800 2,105.6 970 429 —400.6 0.831 —2
Gangbyeon The 2™ final clarifier 923 2,800 2,584.4 1,191 526 —491.7 0831 —2
Haeundae  The parking lot 42 3,300 138.6 57 25 —482 0.705 —4
Myongji ~ The parking lot of living facilities ~ 100 3,300 330.0 129 57 —109.5 0705 —4
Nambu The parking lot in sports park 250 3,300 825.0 322 143 —273.7 0.705 —4
Suyeong  The trail 100 6,500 650.0 129 57  —4694 0358 -
Jeonggwan The sports park 200 6,500 1,300.0 258 114 —938.8 0.358 -
Noksan The final clarifier 210 2,800 588.0 271 120 —1119 0831 —2
The 2™ aerobic and settli
Suyeong - - AcTODe and Seng 1350 2800 37800 1741 770  —719.1 0831 —2
reactor
Jeonggwan The roof of maintenance building 30 2,500 75.0 39 17 —59 0931 —1 Not bad
Joongang  The roof of maintenance building 87 2,500 217.5 112 50 —17.0 0931 —1
Nambu The trail lot in sports park 180 2,800 504.0 232 103 —959 0831 —2
Seobu The roof of SBR 240 2,800 672.0 310 137 —127.8 0831 —2 N?
possible
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Table 8. The economical analysis of photovoltaic power generation system by government supporting investment

Capaci Cost Cost Annual Ar(ljngal NPV Site
Site Position pacity (Thousand- (Million  production y (Million ..
(kW) " reduction condition
won/kW) won) (MWh) (tonyear) won)
Gangbyeon The 2" final clarifier 923 2,800 2,584.4 1,191 526 2,414.8
Gangbyeon The 2™ preliminary clarifier 752 2,800 2,105.6 970 429 1,967.4
Gijang The idle site for Munoseong 460 2,500 1,150.0 593 262 1,203.5
Nambu The parking lot in sports park 250 3,300 825.0 322 143 654.1
Gangbyeon The six spots 220 3,300 726.0 284 125 575.6
Noksan The roof of preliminary clarifier 200 2,800 560.0 258 114 5233
The roof of flow adjustment plants
k 196 2,800 544.8 253 112 512.8
Sacngeok s and #6) :
Jeonggwan The roof of equipment building 156 2,500 390.0 201 89 408.1
Myongji The parking lot of living facilities 100 3,300 330.0 129 57 261.6
Good
The roof of flow adjustment plants
k 2 212. 4 198.
Saenggo #3 and #4) 76 ,800 8 98 3 98.8
Gijang The disposal plant for Munoseong 70 2,800 196.0 90 40 183.1
Myongji The roof of living facilities 57 2,500 142.5 71 33 138.1
Myongji The roof of maintenance building 55 2,500 137.5 69 31 1323
Joongang  The roof of equipment building 50 2,500 125.0 64 29 130.8
Wisaeng The roof of control room 45 2,500 112.5 58 26 117.7
Haeundae  The parking lot 42 3,300 138.6 57 25 115.0
Haeundae  The relay station 34 2,500 85.0 44 19 89.0
Gijang The gateball court for Munoseong 18 2,800 50.4 23 10 47.1
Suyeong The 2™ aerobic and settling reactor 1,350 2,800 3,780.0 1,741 770 3,532.0
Noksan The final clarifier 210 2,800 588.0 271 120 549.4
Jeonggwan The sports park 200 6,500 1,300.0 258 114 5233
Nambu The trail lot in sports park 180 2,800 504.0 232 103 4709 Not bad
Suyeong The trail 100 6,500 650.0 129 57 261.6
Joongang  The roof of maintenance building 87 2,500 217.5 112 50 227.6
Jeonggwan The roof of maintenance building 30 2,500 75.0 39 17 78.5
N
Seobu The roof of SBR 240 2,800 672.0 310 137 627.9 poss?ble
”@ wpebA g7 A o BjfeluA] = Al ARAIEE REgste] HapAos At Qlow, At B wha
FESAG WA F A PAOR Adeks Aol BE drbAe] wiEe] FEAA gk AOm AgEiul G
Zﬂod Aoz yehgth & ARdEA dte AE7IRE AR 7AW Eielu A Al =9 Al AAV 24
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