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Abstract — Utilizing the heat of cooling water discharge of coal-fired power plant, pipeline investment costs for busi-
nesses that supply heat to agricultural facilities near power plants increase in proportion to installation distance. On one
hand, the distance from the power plant is a factor that brings difficulties to secure economic efficiency. On the other, if
the installation distance is short, there is a problem of securing the heating demands, facility houses, which causes eco-
nomical efficiency to suffer. In this study, the economic efficiency of 1km length of standard heat pipeline was evalu-
ated. The sensitivity of the heat pipe to the new length variation was analyzed at the level of government subsidy,
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amount of heating demand and the incremental rate of pipeline with additional government subsidy. As a result of the
analysis, it was estimated that NPV 131 million won and IRR 15.73%. The sensitivity analysis showed that NPV was
negative when the length of heat pipe facility exceeded 2.6 km. If the government supports 50% of the initial invest-
ment, the efficiency is secured within the estimated length of 5.3 km, and if it supports 80%, the length increases within
11.4 km. If the heat demand is reduced to less than 62% at the new length of the standard heat pipe, it is expected eco-
nomic efficiency is not obtained. If the ratio of government subsidies to initial investment increases, the elasticity of the
new bloc will increase, and the fixed investment, which is the cost of capital investment for one unit of heating demand,
will decrease. This would result in a reduction in the cost of production per unit, and it would be possible to supply heat
at a cheaper price level to the facility farming. Government subsidies will result in the increased economic availability of
hot plumbing facilities and additional efficiencies due to increased demand. The greater government subsidies to initial
investment, the less farms cost due to the decrease in the price per unit. The results of the study are significant in terms
of the economic evaluation of the effectiveness of the government subsidy for the thermal power plant heat utilization
project. The implication can be applied to any related pilot to come.

Key words: Coal power plant, Effluent heat, Economic feasibility, Farm facility heating, Facility house heating, Unuti-

lizable heat, Heat reuse
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Table 1. The configuration of heat pump system
Classification Performance Unit Note
Supply heat Cooling 589.4 kW/h
U] ea
PPLY Heating 778.4 KW/h
System efficiency (COPH.P.) 4.17 COP Coefficient of Performance
E tor T Entry 23 °C
vaporator Temp.
P i Exit 18 °C
Ent 50 °C
Condenser Temp. 8 ry
Exit 55 °C
Pump etc. auxiliary unit. 3.75 kW/h Hourly power consumption of auxiliary device
Heat Pump Model Name NRP 1800
Input power 186.6 kW/h
Capital Investment 15 Billion won/Set Total installation costs (Engineering cost, Equipment,

Installation, and Commissioning etc,)

Table 2. Basic assumption for the economic analysis of the heat supply to farm facility house using heat power plant effluent

Classification

Contents

Project heat source
Project area for heat supply
Comparison heat source
Development area
Maximum heat load
Length of the heat pipe
Start point of development
Main developer

Power plant effluent heat, Heat pump (Namjeju Thermal Power Plant)

Namjeju Apple mango Farm facility house
Electric Boiler (Agricultural Electricity)
10 ha
28.3 Geal/h

1 km (Straight length 400 m x 2x round trip * Adjustment factor 1.25)

December 2016

KOREA SOUTHERN POWER Namjeju Thermal Power Plant

Korean Chem. Eng. Res., Vol. 56, No. 1, February, 2018



Table 3. A standard for the economic analysis of the heat supply to farm facility house using power plant effluent

Article Standard

Note

. L December 2016
Price criteria

Constant Prices

Base Price from January 2016 to December 2016

. . Construction period 1 year
Analysis period R i
Business period 15 years

Construction completed in 2018 (Operation January 2019)

Rate of depreciation

Except of land investment cost 6.7%(15 years)

Pre-tax profit below 200 million 11%

Corporate tax

Pre-tax profit below 20 billion 22%

From 2019 to 2033

Corporate tax for December 2016

Insurance rate 0.5%

0.5% of direct investment cost

Labor costs
80% of labor costs
7% of labor costs

Overhead expenses
Severance payment

70 million won / person / year

KOREA SOUTHERN POWER Average labor costs in 2016

Tax and due 0.1%

0.1% of direct investment cost Standard for business plan
integrated energy (July 21,2017)

Heat source facility: 1 year (0.3%)
2~4 years (Increase by 0.3% per year)

Maintenance expense
After 10 years (2.4%)

5~10 years (Increase by 0.2% in 4 years)

Standard for business plan integrated energy (July 21, 2017)

Heat pipe 0.7%
Discount rate 5.5% KDI (March 2013)
Construction cost contribution - Not considered
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Table 4. The calculated result of annual heat supply to farm facility house using effluent

Month Hours of operation(h) Heat supply(Gcal) Maximum heat load for month(Gcal/h)

Jan 744 12,807 28.3

Feb 672 10,793 23.0

Mar 744 9,655 23.0

Apr 720 6,244 12.8

May 741 4,457 11.3

Jun 711 2,472 8.5

Jul 354 465 39

Aug 109 200 4.0

Sept 577 1,259 6.0

Oct 710 3,420 10.4

Nov 720 6,995 17.2

Dec 744 10,017 21.4

Sum 7,546 68,784 28.3 (Maximum heat load for year)
14,000 71E A A E-A =3 o)l= #7)5|E]le H} O =L

& AABEE oM A FEskaL Qe A7)slH ] ke s R
g 12000 B SNl B AR AT AR ALl 8 7
g 10000 $ AEETRNA S EakA @ Zlolet atar, olel, & e
g 8000 g5 daa 7€ AXE A7IslH e AE7HE agste] A
@ 6000 71818 Wi e el so%s A&tk Ao R, deFe
g 4,000 44,0099 /GealZ A = 1 TH(Table 5)[16]. ALAAABAGA] FF05
* 2,000 A (REC) grret7l= A& EAAN ST (2017)014 F383kaL = Al
0 oo B e S AR A bzt F 20169 27 2] Azl 84.199/

T
1 2 3 4 5 6 7 8 9 10 11 12

Month

Fig. 1. Monthly heat supply calculation result for the effluent heat
supply business to farm facility house.

2714 860 keal/kWh Lol APg3IiT).
Qup.etect = Qpear COPy p + 860 (6)

o714,
Qp petec: Heat Pump 73} X2k Wh)
Qpea: MEEN DEFF (keal)
COP;; p: Heat Pump 35715
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1521 2] 80%Z ERQIAME © 7 Zuhaty 714 7]7F Bke] o)zt

& Ao ke e, F 23002 0 = AP E lT). A4 Ak,
HEA] @ Ao A= S 166,69 QS 27| FAM| Lo 7
233t (Table 7).

N

N
~ =
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Table 5. Heat rate calculation result of integrated energy for the project area (Goryeowon, a farming corporation)

Classification Unit Content Note
Project area Place Deogyang-gu, Goyang-si
Existing facilities Type Electric boiler
Annual heat demand Geal 1,036.2
Agricultural Electricity price Won/kWh 47.31 Annually average for 2015
Conversion factor Mcal/kWh 0.86
Efficiency % 100 Electric boiler efficiency
Annually total electricity cost (Heating) Thousand won 57,003
Annually average unit cost Won/Geal 55,012
Heat price Won/Geal 44,009 80% of Annually average unit cost

Table 6. Calculated unit price of renewable energy certificate (REC) in 2016 (unit : won/kWh)

v New energy Renewable energy
ear

Fuel cell Coal Gasification Solar Wind power Water power Marine Bio Waste
2016 106.6 76.1 200.8 82.8 84.2 75.7 88.0 96.2

Korean Chem. Eng. Res., Vol. 56, No. 1, February, 2018
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Table 7. Calculated investment cost for the effluent heat supply business
Classification Content One million won Note
1. Heat Pump 6,750 45set x 1.5 billion won/Set
Direct investment cost 2. Heat pipe 8,300 1,000 m x 8.3 million won/m
Total direct investment cost 15,050
1. General management expenses 452 3.0% of direct investment cost
2. Commissioning 301 2.0% of direct investment cost
3. Labor costs 75 0.5% of direct investment cost
. . 4. Engineering 556
Indirect investment cost . . .
1) Design 58 0.7% of direct investment cost
2) Inspection & Supervision 332 4.0% of direct investment cost
3) Reserve, Etc 166 2.0% of direct investment cost
Total indirect investment cost 1,384
Total investment cost 16,434
Land Investment cost - Not considered
Construction interest 412
Total investment cost 16,845
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Fig. 2. Sensitivity analysis result about business in accordance with
the new length of heat pipe.
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Fig. 3. Sensitivity analysis result about business in accordance with
the length of new heat pipe under the condition of 50% gov-
ernment subsidy of the initial investment.
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