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Abstract : A detailed database of waste heat is built to propose energy exchange networks to recover waste energy in Pohang
Steel Industrial Complex. A visualized technique is used to figure out the status of waste heat energy and to suggest potential
energy exchange networks. Several energy networks are proposed in terms of temperature level, the amount of available energy,
distance, and construction cost. A simple economical assessment is applied to the energy exchange networks which have higher
economic potential. Their average payback period is estimated to be 2.8 years. The total amount of energy saving by constructing
the proposed energy exchange networks is 4,778 TOE per year. It corresponds to 11,160 ton CO, reduction with the assumption
that the recycled waste energy replaces the use of LNG in energy-demanding companies.

Keywords : Eco-industrial park (EIP), Energy exchange network, Waste heat recovery, Economic assessment, CO; reduction
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Table 1. Statistics of technologies registered in KEMCO to reduce
CO; emission

Classification of Technologies Share (%)
Waste heat recovery 41.3
Improvement of equipment 122
Thermal

. Improvement of process 10.7

energy saving
Fuel change 11.7
Other thermal energy saving 0.5
Electric Electrical energy saving 12.8
energy saving Renewable energy 8.8
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Table 2. Survey items and questionnaires

Survey Items Detailed Questionnaires

Status of | Type of energy, Target operation temperature,
energy usage | Amount of energy use in the last 3 years, etc.

Energy glutton | Number of facilities, Type of energy, Amount of

facilities energy, Purpose, etc.

Status of | Type of waste heat, Temperature and flowrate of
waste heat | waste heat, Facility, etc.

Status of | Capacity of facility exhausting waste heat, Opera-

energy glutton | tion time, Operation temperature, Type of waste he-

facilities at, Whether the waste heat is recovered or not, etc.
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Figure 1. Operating status of energy glutton facilities.
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Figure 2. Energy consumption and fuel-by-fuel share of energy glu-
tton facilities.
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Figure 4. Temperature histogram of waste heat.
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Figure 3. Location information on energy glutton facilities and their energy consumption (Area of hatched circles is proportional to the amount
of energy used by facilities in logarithmic scale. Different area scales are used in (a)-(c)).



For combustion gas

A= Qe (17— 1T,) — TIn(7/ T,)] (1)

For steam

A=m[(h—h,) = T,(s—s,)] 2

A1 ()T} )0 AL A7 wEEE faouA k), Q
£ Aarls wiESsm’/hn), o A27hA0] A H| H(1.3817
K/Nm® - K), 7% Hd9o] Hj2e%, me yj&HE 5379
AFGekkghn), hi= w2 5%7]9) Ay, s wjE £27)
o] dEZ|o|t}. ol HAHo)= 7|& *JEH(101325 kPa, 20 )
=2 ofulgith. 4 ()7} )2 o] gate] A4tE Hde) gl
2| = Figure 59 Hol 4] 2= A& AE 719 9129} 34
FEAEFC) Figure 50 EAIE o] HAL wjZE Ga0]
Yo 2 AA|de] ujgaich.

=
7} Fasieh. wetA Figure 39 ofiix] than] Ao 9119}
Figure 59 % - 1L& o]4ke] sl W% 917 AR E wwe
27} 9tk Figure 62 200 C oj4ke] H o] wjZE= 9|2}
A than) Aule) shitel melzle) A A4S shte)
Mapo] SEA516] |25}t 9t} Figure 62] HHE 7202
AA S olfst wole A4sE e T AT AT kS
Aud 5 A

Bolelg ALT/E AR RN T2 4 i FAHal

Figure 5. Temperature distribution of waste heat and its available
energy (Area of hatched circles is proportional to the am-
ount of available energy in logarithmic scale).

Figure 6. Visualized information on the locations of boilers and
high temperature waste heat (Area of hatched circles is
proportional to the amount of energy used by boilers in
logarithmic scale).
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Table 3. Potential energy exchange networks to recycle waste heat
using preheated air for boilers

Suppliers of Potential Consumers of .
Waste Heat Waste Heat by Boilers Dlst.ance
- - (m) [min~max]
Location | Company | Company | Location
H2 Block 1 485
Block 1 HI
P1 Block 1 270~670
Block 1 S1 H2 Block 1 550
Block 1 D1 D2 Block 1 600
Block 2 K1 D4 Block 2 280~470
Block 2 D3 Al Block 2 360
Block H3 Block 2 560~1240
D5
2&3 S2 Block 3 700
S2 Block 3 300
Block 3 D6
K2 Block 3 360~680

(b) In case of detour

(a) In case of shortcut

Figure 7. Example of distance measurement between the supplier
of waste heat and its potential consumer (Distance mea-
sured in (a) and (b) are respectively the minimum and ma-
ximum values in Table 3).
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Figure 8. Potential energy exchange networks for the four companies
providing the information on the temperature and the flow
rate of waste heat.

Table 4. Evaluation of economic feasibility from recoverable waste
heat energy using cross flow heat exchanger (*Minimum,
average, and maximum cost of LNG for 10,000 kcal are
respectively 604.4 won, 674.5 won, and 740.3 won for last

two years[12])
Company D1 H1 K1 S1
Temp.
o 430 200 200~250 250
Waste | (T ©)
heat
Flowrate |50 000 | 81280 | 34320 | 72.000
(sm’/hr)
Recoverable Heat |3,307,476 | 1,273,422 | 829,038 [2,381,914
Energy (kcal/h) | (kcal/h) | (kcal/h) | (kcal/h)

Construction Cost || 34 1 | 1750,000 | 1,300,000 | 1,600,000

(1,000 %)
Operation Cost

(1,000 #yr) 60,000 | 75,000 | 60,000 70,000
Annual | Min* |1,225716 | 471,917 | 307,233 | 882,713
Economic | Avg* 1,367,965 | 526,685 | 342,889 | 985,155

Return

(1,000 Wyyr) |Max*|1,501,446 | 578,077 | 376,346 |1,081,282

Payback | Min*| L1 44 53 2.0
Period | Avg* 1.0 3.9 4.6 1.7
(Years)  [npaxx| 0.9 3.5 4.1 1.6
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Table 5. Evaluation of environmental feasibility in terms of CO, re-
duction for the four companies in Figure 8

Recoverable Heat | Annual Energy | Annual CO;

Company Energy Saving Reduction

(£, kcal/h) (TOE/year) (TCOz/year)
Dl 3,307,476 2,028 4,737
S1 2,381,914 1,461 3,411
K1 829,038 508 1,187
HI 1,273,422 781 1,824
Total 7,791,850 4,778 11,159
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