87 78k a) 4] #15B(H538), 493~501, 2006
Journal of the Environmental Sciences

ojEdi{xie € EHM Il Yo st A7
¥ygH
HAjstm BHAAHZEE
(20054 1189 282 4 20064 38 28Y =)

Study on Evaluation Method of Thermal Potential
of Unused Energy
Yong-Hyun Chung

Duvision of Environmental Engineering, Fukyung National Universily, Busan 606-737, Korea
Manuscript received 28 November, 2005, accepted 28 March, 2006)

The increase in environmental loads and energy consumptions has resulted in the need of developed new
forms of energy for a sustainable use for the society. Recently, the viability of using unused energy has at-
tracted a great deal of attention. From the view point of using unused energy, the most critical problem can be
referred to as the distance between the heat source/sink and heat demand area. The water resource in the city
water system was used to solve this distance problem with unused energy. The calculation method of the poten-
tial use unit was used to survey the potential of the water resource in the city water system. The amount of
theoretical unused energy and energy savings in the model city were estimated using this method. It is estimated
that the amounts of energy savings and CO; reduction correspond to [31.3 GWh and 29280[t-C], respectively,

per annual basis.

Key Words : Unused energy, Energy savings, Unit method, CO; reduction
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Fig. 2. Average temperature on August.
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Table 1. Unit of Heat demand for cooling [MJ/m® - month]
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Using Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Decm.| Sum
Housing 00 00 00 00 00 109 184 100 00 00 00 00 | 393
Store 17 17 42 180 272 419 670 733 678 327 184 54 |359.2
Office 21 21 25 50 222 456 628 678 548 255 54 29 |2989
Entertainment 17 17 21 71 184 456 691 699 59 159 29 21 [2934
Hotel 00 00 00 21 105 285 695 829 611 155 13 00 {2713
Museumn, gallery 00 00 00 00 00 347 410 653 3983 00 00 00 [1804
School 00 00 00 00 105 265 297 63 205 00 00 00 | 925
Hospital 00 00 00 00 71 88 1469 1545 1072 147 00 00 }5161
Clinic 21 21 25 50 222 456 628 678 548 255 54 29 |2989
Office 08 08 08 08 38 347 666 682 469 59 08 08 |23L1

Table 2. Unit of Heat demand for Heating [MJ/m’ - month]

Using Jan. Feb. Mar. Aprii May June July Aug. Sep. Oct. Nov. Decm.| Sum
Housing 26 234 121 00 00 00 00 00 00 00 00 289 871
Store 209 188 113 59 17 17 1. 13 13 1.7 1.7 88| 762
Office 519 511 410 159 13 04 00 00 00 04 105 3642089
Entertainment 502 507 280 13 00 00 00 00 00 00 105 3931800
Hotel 1293 942 795 431 00 00 00 00 00 00 352 1143496
Museum, gallery 904 1009 670 13 00 00 00 00 00 00 167 83713600
School 628 527 431 183 00 00 00 00 00 00 142 4691|2390
Hospital 749 632 532 209 138 00 00 00 00 151 339 6031333
Clinic 519 511 410 159 13 04 00 00 00 04 105 3642089
Office 523 523 44 134 04 00 00 00 00 29 134 3522143

Table 3. Unit of Water demand for supplying water [m”/m’ - month]

Using Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Decm.| Sum

Housing 0323 0323 0328 0328 0328 0328 0.342 0342 0333 0333 0328 0.328 | 3964

Store 0212 0213 0243 0256 0269 0288 0317 0322 0309 0287 0263 0274 | 3.253

Office 0.154 0150 0.155 0161 0199 0.178 0207 019 018 0172 0161 0.15 |2.074

Entertainment 0305 0267 0297 0312 0327 0347 0344 0355 0332 0323 0295 0.300 | 3.804

Hotel 0.741 0748 0.742 0.749 0688 0734 0891 1016 1.016 0923 0877 08169941

Museum,gallery 0.100 0.107 0.107 0110 0110 0110 0123 0110 0160 0157 0137 0.107]1.438

School 0215 0.163 0177 0202 0455 03% 0231 0499 0374 0381 0270 0202 | 3.565

Hospital 0.291 0304 0313 0340 0.348 0372 0419 0413 0371 0.350 0333 0.328|4.182

Clinic 0154 0150 0155 0161 0199 0178 0207 0195 Q.18 0.172 0161 0156|2074

Office 0120 0.121 0125 0121 0124 0133 0.147 0152 0142 0132 0123 0.117 | 1557
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Table 4. Unit value of usable amount of heat [MJ/m’]

Using to 5 degree Using to limited
Housing Office Housing Office
Jan. 6.05 2.88 6.05 29
Feb. 535 2.48 535 25
Mar. 8.29 392 8.29 39
April 8.3 4.32 16.56 81
May 573 348 1782 108
Jun. 562 3.05 18.43 10
July 5.79 35 21.04 12.7
Aug. 573 3.27 20.49 117
Sep. 562 314 16.23 9.1
Oct. 578 2.98 15.06 738
Nov. 8.76 43 18.29 9
Dec. 8.97 4.26 106 5
sum 458 416 90.2 935
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Table 5. Unit values of each potential about using unused energy to limited utilizing

Average ’{‘emp. Average Teirnp. Limite(oi Temp. Utlizing Temp. |Usable amounzts En‘zirglifugfviorlfgs
of AIr[TC] of Water[C] [C] [T] of heat{M]/m’] [kWh/m?]
Jan. 55 8.4 5 34 1873 0.3
Feb. 58 8 5 3 16.55 0.25
Mar. 86 96 5 46 2529 0.32
April 14.6 143 5 9.3 50.49 0.38
May 19.2 187 3463 1593 54.34 0.44
Jun. 23 227 395 16.8 56.18 0.49
July 27 259 4462 1872 61.53 063
Aug. 282 218 46.16 18.36 59.9 06
Sep. 24.2 26.3 41.03 14.73 4874 0.35
Oct. 183 20.2 3348 13.28 45.23 0.28
Nov. 129 153 5 10.3 55.76 057
Dec. 79 109 5 59 32.31 0.46
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Table 6. Unit values of each potential about using unused energy for utilizing 5C

Average Temp. Average Temp. Limited Temp. Utlizing Temp.|Usable amounts amounts of energy
of Air[C] of Water[C] [C] [tc] of heatiMJ/m?] savings[kWh/m’]
Jan. 55 84 5 34 18.73 03
Feb. 58 8 5 3 16.55 0.25
Mar. 86 96 5 46 25.29 0.32
April 146 143 5 5 2684 0.27
May 19.2 187 5 5 17.47 0.28
Jun. 23 22.7 5 5 1741 0.3
July 27 259 5 5 16.93 0.35
Aug. 282 278 5 5 16.76 033
Sep. 24.2 26.3 5 5 16.89 0.25
Oct. 18.3 20.2 5 5 17.35 0.21
Nov. 12.9 153 5 5 26.71 0.35
Dec. 79 109 5 5 27.34 04
Table 7. Total Heat demands of Model City 2ol 15%7F Hytk 5Col &9 A%, 79elE 659
Cooling season Heating season T2 S8 148%% e
[T]/month] [T]/month]
Housing Office Sg:es‘)f Housing Office S‘ng‘e;’f

Jan. 0 56 758 | 1711.7 13828 4283.7

Feb. 0 56 758 | 1772.3 13618 41655

Mar. 0 666 109 9164 10924 27975

April 0 1332 3074 0 4236 7439

May 0 5915 9631 0 346 721

Jun. | 8256 12149 29038 0 107 259

July | 13936 16732 44444 0 0 113

Aug.| 7574 18064 3963.1 0 0 113

Sep. 0 1460.1 26746 0 0 113

Oct. 0 6794 1075.7 0 107 518

Nov. 0 1439 3169 0 2798 557

Dec. 0 773 1306 | 21889 9698 40497

sum | 29766 79584 17040.2| 6589.3 5565.8 16780.9
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Fig. 4. Compare heat demand to usable amounts of
heat on distributions of a model city.
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Table 8. Usable and supply amounts of heat by using city water as unused energy

Usable amounts of heat{T]/month] Supply amounts of heat[T]/month]

Cooling season Heating season Cooling season Heating season

Using to  Using Using to  Using Using to  Using Using to  Using
fmited@  50) 72 |lmited@ 5C®) 72 |limitedta) 5CH 2 |limited@ 5CH) P2
Jan. 1084.8 6293 58 643.7 6437 1000 758 758 100.0| 6437 6437 1000
Feb. 1170.7 6245 533 563.3 5633 1000 75.8 758 10007 563.3 563.3 1000
Mar. 1434.3 636.1 444 882.7 8827 100.0| 109 109 100.0| 882.7 832.7 100.0
April | 17818 6299 354 | 178.3 9493 531| 2632 130.1 494| 4548 2668 587
May 20471 6582 322| 26155 9889 378| 5348 218.2 40.8 72.1 65.2 904
Jun. 2086 6364 305| 24399 956.1 392| 14854 636.4 42.8 259 259 1000
July 2395 6589 275 22144 986 445) 21948 658.9 30.0 11.3 113 100.0
Aug. 2409.9 6744 28 23729 1010.7 426 1500.3 664.3 44.3 11.3 113 100.0
Sep. 18785 6509 346 29402 o477  322| 6493 225 34.7 11.3 113 100.0
Oct. 1705.9 6543 384 30649 9822 320| 4076 180 442 51.8 429 828
Nov. 14225 6396 45 2012.3 9639 479] 2473 126.6 51.2| 473 254.2 53.7
Dec. 11788 6428 545 | 11476 9709 846| 1306 124.6 954} 11471 970.9 84.6
sum | 205952 77354 376 | 226837 108725 479| 76738 32245 42,01 43483 37495 862
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Table 9. Energy savings

Cooling season Heating season

Using to  Using Using to  Using

limited(@) 5C() 2 limited@ 5C() P2
Jan. 05 05 100.0] 104 104 1000
Feb. 0.6 06 100.0 8.7 87 1000
Mar. 1.1 1.1 1000 112 11.2 1000
April 25 18 720 36 27 70
May 5 36 720 0.7 0.7 1000
Jun, 176 112 636 0.3 0.3 100.0
July 25 135 540 0.1 0.1 1000
Aug.| 207 133 643 0.1 01 1000
Sep. 4.7 33  70.2 0.1 0.1 1000
Oct. 2.8 22 186 06 06 1000
Nov. 14 1.2 8.7 5.1 34 667
Dec. 0.8 08 100.0| 165 144 873
sum 82.7 53 64.1] 575 527 917

Refrigerator granary
3 Usable amounts of heat
Subway F
Substation
Power plants — =T - e
City water

Treated sewage water
incineration plants

Sea water

River water )

0 5000 10000 20000

. (Tuwear)
Fig. 5. Compare with other unused energy source on
savings and usable amounts of heat.
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