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ABSTRACT

To mitigate carbon emissions, the government aims to transition to renewable energy sources including hydrothermal
energy, specifically through wastewater heat recovery. This process involves extracting heat from wastewater or treated
water. However, assessments of demand sources for local cooling and heating have predominantly focused on the
proximity of nearby facilities, without conducting comprehensive demand analyses or defining explicit supply areas. This
study proposes a methodology for prioritizing suitable wastewater treatment plants (WWTPs) for the implementation
and expansion of renewable energy. The methodology is based on the gross floor area of potential wastewater heat
demand surrounding WWTPs. Initially, potential supply and demand sources were identified based on the capacity of
WWTPs and the gross floor area of buildings capable of utilizing wastewater heat. In the Republic of Korea, 330 WWTPs
with a capacity of 5,000 m*/day or more have been recognized as demand sources for wastewater heat recovery. The
provision of treated wastewater to structures located within a 500 m radius of the WWTPs for heat recovery is considered
a feasible option. The potential wastewater heat demand and renewable energy cluster were identified among the surrounding
buildings and complexes A total of 13 potential supplies were identified, provided that the gross floor exceeded 60,000 m®.
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Finally, after prioritizing based on WWTPs with these conditions, the underground plant located in the downtown area
was ranked as the highest priority. If further analysis of economic feasibility, CO, reduction, and energy efficiency are
conducted, this approach can be expanded and applied within the framework the Water-Energy Nexus. Wastewater
heat can be utilized not only as a renewable energy source but also as a means to enhance wastewater reuse through

the supply of treated wastewater.
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Fig. 1. Flowchart of wastewater treatment plant prioritization for applying wastewater heat recovery.
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Potential wastewater heat demand

Wastewater treatment plant
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N
Fig. 2. Schematic diagram of wastewater heat demand.
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Fig. 3. Location of the wastewater treatment plants more than 5,000 m*/day in the Republic of Korea.

steA A HRE S5 2013 S BAP St FANE E85te A steA Al T
FE 2022 sk 5 ARE EEsto] skEA Al A2 ARSI 27HE AR 4L ) 2022 3)
A A" AE8 *E‘XN AR HFF JRE 5+ T A AmANA kA YA AR A
3kt (Table 1). 2 10E7F A4 5,000 m'/day WAE stk
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Table 1. The number of wastewater treatment plants with a facility capacity of 5,000 m*/day or more, along with the total
facility capacity and the total average daily discharge over the past decade

Year | Number of WWTP more than 5,000 m%day | Total facility capacity (m?/day) | Total average daily discharge (m®/day)
2013 277 24,599,200.0 19,493,343.0
2014 286 24,234,600.0 19,170,381.0
2015 290 24,602,400.0 18,060,323.2
2016 306 24,847,400.0 19,221,737.2
2017 307 25,2764,640.0 18,810,594.0
2018 310 25,269,240.0 19,350,891.3
2019 319 25,493,200.0 18,834,779.1
2020 325 25,648,400.0 19,495,421.2
2021 329 25,885,600.0 19,571,837.6
2022 330 25,963,600.0 19,211,165.8
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Fig. 4. Location of the potential wastewater heat supply.
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Fig. 5. Example of potential demand and renewable energy cluster.

Table 2. The number and total gross floor areas of the potential demand larger than 60,000 m” within 500 m from the potential supply

Wastewater treatment plant Administrative district Number of demands |Total gross floor area (m?)

A Anyang, Gyeonggi-do 1 84,933.7

B Dangjin, Chungcheongnam-do 1 146,106.7

C Gumi, Gyeongsangbuk-do 1 169,095.0

D Busan 4 359,046.5

E Pyeongtack, Gyeonggi-do 1 66,560.6

F Busan 1 83,794.1

G Ulsan 1 67,377.1

H Osan, Gyeonggi-do 2 261,765.2

I Sungnam, Gyeonggi-do 6 571,027.6

] Pyeongtak, Gyeonggi-do 1 100,913.6

K Goyang, Gyeonggi-do 1 100,072.6

L Yongin, Gyeonggi-do 3 257,717.1

M Seoul 1 66,486.0
A REFL AHF 60,000 m* oj4F] AxEo] aF B9 Fojgo] MHoR ofsiyE AW 60,000 m’
S @ 0] oF 0% HEE SedeluA BF ol4el Aol 134 EARGE A AT 4 9
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sl P A 0% AT met 43l D 404 9 Aol A ZAF A

shaH el AL H st A2 A4, T sh4H el A4, L 3}
AP AL Aelg AASelA 22 & Aol W)
4 5ax T ARl Ze2E7 A

FaAek AN A] Feisele] o et AdE
Anzel g 94X Frskgo H shpxelA el
o4 F WS Aume FuAME s 2aHe)
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<
Table 3. Average daily discharge and annual heat load from the potential supply
Wastewater treatment plant Average daily discharge (m%day) Annual heat load (Gcal)
A 169,748.7 309,791.4
B 19,114.7 34,884.3 2
C 129,789.7 236,866.2 g
D 36,363.7 66,363.8 =
E 60,514.1 110,438.2 <
F 49,131.7 89,665.4
G 92,411.0 168,650.1
H 76,333.2 139,308.1
I 34,793.9 63,498.9
J 24,004.3 43,807.8
K 17,460.9 31,866.1
L 121,065.1 220,943.8
M 753,754.2 1,375,601.4
F7F Hov fax AU work o We Z& 10,000 m® o)) AW Hie 27 AR e
sl 4 Q. ARAo] Yors Wb ST Ao} YyoluA ZelaER ARl W 27}
of Wobd 9@ #:87t kgl wet o 4R S WA £oA ) TH FsT AHEEY F dud
A dES SR 4 s8A7F EAEK] FEA AIE WAL - FA4SHIT (Table 4). A2 A2 7]
Aol 7hedt Ao dekEnh Y] sk A Fo] faetol wet o] & Wk 7 HA A 8
e A A 9 AR SeaHe = Aof AR SLH| = FTIEeH, 7
b 13te g sax =2 HSE F8) shrdouA £ 60,000 m* o149 AW AFo| =7} 130l d
48§ WS SFistaat shale. A F A SRA AT B st 2| Al S A 9l Rt

AN A AHE W SHE Y8 AAFE =7t
A o309k AYAIA F2EHE 50,000 m’
o]}, 40,000 m* ©] Ak, 30,000 m* ©]4}, 20,000 m® ©]A},

SEAEALES 71E Faol et SRS FF
B8 ol Bgol F5d FaRY 7t

=y

o
o

KX
=

=
=

Table 4. The number and total gross floor areas of the potential demand larger than 50,000 m?, 40,000 m? 30,000 m’,
20,000 m* and 10,000 m* within 500 m from the wastewater treatment plants

> 50,000 m’ > 40,000 m’ > 30,000 m’ > 20,000 m’ > 10,000 m’
Wastewater
e | W 6fF Total gross Number of Total gross Number of Total gross Number of Total gross Number of Total gross
plant demands floor 2area demands floor 2area demands floor 2area demands floor 2area demands floor 2area
(m’) (m’) (m’) (m’) (m’)
A 1 84,933.7 1 84,933.7 1 84,933.7 1 84,933.7 1 84,933.7
B 1 146,106.7 1 146,106.7 1 146,106.7 1 146,106.7 1 146,106.7
C 1 169,095.0 1 169,095.0 1 169,095.0 1 169,095.0 6 238,204.0
E 1 66,560.6 1 66,560.6 1 66,560.6 3 117,488.1 4 130,535.1
F 1 83,794.1 1 83,794.1 1 83,794.1 2 109,060.9 2 109,060.9
G 1 103,270.6 1 103,270.6 2 143,255.7 2 143,255.7 2 143,255.7
J 1 100,913.6 1 100,913.6 1 100,913.6 2 125,251.0 4 15,489.1
K 1 199,678.4 2 245,712.0 3 284,616.8 3 284,616.8 5 313,466.3
M 1 66,486.0 2 110,231.4 2 110,231.4 3 136,798.8 5 19,172.6
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Table 5. Priority of the wastewater treatment plants
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Rank Wastewater treatment plant Cluster condition (m?) Number of demands Total gross floor area (m?)
1 I > 60,000 6 571,027.6
2 D > 60,000 4 359,046.5
3 L > 60,000 3 257,717.1
4 H > 60,000 2 261,765.2
5 K > 40,000 2 245,712.0
6 M > 40,000 2 110,231.4
7 G > 30,000 2 143,255.7
8 E > 20,000 3 117,488.1
9 J > 20,000 2 125,251.0
10 F > 20,000 2 109,060.9
11 C > 10,000 6 238,204.0
12 B > 10,000 1 146,106.7
13 A > 10,000 1 84,933.7
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