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SUMMARY

This study was conducted analysis for economic evaluation of greenhouse
facility using power plant waste heat. To achieve technically—feasible and
socially—desirable sustainable management of urban areas, Wastewater is no
longer seen as a wasted resource, but rather, as a mining ground from which to
obtain valuable chemicals and energy; for example, heat energy, which is often
neglected, can be recovered from wastewater for different purposes.

Recently, S. Korean government is focusing on renewable energy. For this
reason, several unused energy sources have become attractive and it was found
that power plant waste heat has the greatest potential for application in this
scenario. To supply hot water to the greenhouse facility that located at 3km
away from power plant, recovered heat source from Korea Midland power plant
and supply to the Sinchon Baekhap farm association through a pipeline. To
evaluate the heat source of power plant waste heat, this study had a analysis of
economic assessment using B/C analysis, NPV, IRR, LOCE, Payback period
method. This study found that power plant waste heat's NPV value has been
positive since the 6th year of the project implementation, and after 20 years,
NPV = 3,992,811,583 won. When IRR was analyzed, it has shown that the IRR =
20.325% for 20 years. In terms of LOCE, it is lower than other renewable
energy sources such as geothermal energy, biomass energy, and steam
renewable energy. The reason why the power plant water waste heat’s LOCE is
higher than others is to construct the facility system, the initial cost is much
higher. Although, the power plant water waste heat’s LOCE is higher than
others it has advantages such as prevention of coastal ecosystem destruction

and fisheries damages.
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Table 1 The roles of stakeholder and expected effects

Stake holders Roles Benefits
Permission to support Community employment and
establishment of a farming economic revitalization
corporation, support for High-quality crop cultivation

Local Gov. o ) ) . )
cultivation technology, induce increases farm incomes, increases
local residents to participate in fish stocks, and increases
business fishermen incomes

Budget and policy support
(REC,

Gov. Department Facility investment cost)

Ist Energy Savings and
Reduction of Greenhouse Gases

; ) Enhancement of Agricultural and
Establishment of business ) o
o Fishery Competitiveness
expansion infrastructure

Heat supply facility  design,
construction Stable heat supply Improved efficiency through

Power Plant Corp. . ]
facility operation Low cost heat | development of unused energy

energy supply

) . . Reduce fuel cost, Improve
User Construction of facility. facility . }
. competitiveness in product cost,
(farmer, fishermen) maintenance o
variety in crops
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Fig. 1 Thermal effluents project site (Shinchon Farm Association)

HIABRWT HTLRES M7 B2 M2 AEd

Fig. 2 Thermal effluents heat source supply system diagram



(@) 1* facility system

e S ﬂ,f.u;.

(f) plate heat exchanger

Fig. 3 Components of waste water heat supply facility
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Table 2 Storage tank capacity calculation standard

Type 1 ha 10 ha
[RT] 300 3,000
Heat transfer rate [kW] 1,055 10,549
[Mcal/hr] 908 9,076

Temperature difference ['C] 6 °
[m*/hr] 151 1,513

Flow rate

[L/min] 2,521 25,212
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Table 3 Plate heat

exchanger capacity

Design code

ASME Section VIII Div.1

Device type Heat exchanger (Plate & Frame type)
Working fluid Hot : sea water Cooling : fresh water
Inlet temperature 22.0C 13.0C
Pressure 5.0 kgd/onG 5.0 kgdonG

Heat capacity

450,000 kcal/hr (523 kW) ~ 630,000 kcal/hr (732 kW)

Pipeline diameter

150A-10K

Installation area

3.5m
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Fig. 5 Plate heat exchanger installation
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Table 4 Heat pump capacity

(Heat area:24.3m")

Water based 40 RT
Components
R-452B(LOW GWP) R-410A
Compressor(20HP) DSH240 * 2(Discharge:47.8Mm/h) | SH240 * 2(Discharge:47.8 ™ /h)
Oil POE-160SZ POE-160SZ
Condenser/Evaporator B3-210 B3-210

(Heat area:24.3m")

Expansion valve

TGEL-23TR * 2

TGEL-23TR * 2

Refrigerant charge(kg)

10.6 * 2

115 * 2

_‘|5_
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Fig.7 Water supply pipe line installation
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Table 5 Temperature conditions of facility crops

Type Vegetables Flowers

paprika, melon,pepper, cymbidium, rose, lily, palm, phalaenopsis,

Hot weather
eggplant chrysanthemum, eustoma, ananas

pumpkin, cucumber,

Warm weather cucumis, radish, ficus, carnation, gladiolus, orchids, cactus, gerbera
watermelon
strawberry, cabbage, lettuce, tulip, snapdragon, stoke, daisy, iris, pansy,

Cold th ; . .
o weather spinach, celery, gypsophila, freesia, cyclamen
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Table 6 Optimal temperature condition of lily

Minimum limit Temp.

Night time temp.

Optimal temp. Growth

Maximum limit temp.

13C

16C

20 ~ 25T

30C

Table 7 Optimal temperature conditions of tangerine

Early growth

Growing time

Summer and
maturity season

Harvest season

Daytime 20°C,
Night time 10°C

28C less
(ceiling open)

15C ~ 20T

More than 2°C

_23_
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Table 8 Heating cost rate from operating expenses

E)?I:;::n(i) Heating cost(B)
Type P (thousand B/A(%)
(thousand won/10a)
won/10a)
Tangerine 16,640 10,619 64.6
Fruit
Grape 5,025 1,887 37.6
Cucumber 15,224 5,043 33.1
Vegetable Pepper 25,434 8,323 32.7
Tomato 15,684 4,444 28.3
Chrysanthemum 10,017 2,551 25.5
Flower
Rose 20,971 8,823 42.1
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Table 9 Comparison of benefits and costs

Perspective Benefit Cost
carbon dioxide reduction.

Government environmental cost saving, subside
compensation reduction

U fuel usage reduction, electric initial cost, maintenance and
ser . . .
charge reduction, subside, management, investment
(farmer, fishermen) . .

products competitiveness interest cost
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IRRE A8t Table 109 o] 200d 7]+ IRR< 20.325% % 4] = it
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Table 10 Analysis for IRR, gross return, and net cash flow

IRR 20.3 %
Gross Return 316.8 %
Net Cash Flow 7,920,000,000 Won
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Table 11 Each energy sources LOCE standard

Waste heat | Geothermal | Conventional . .
. Biomass Steam Unit
system system boiler
Discount rate 5.15 (WACC Power plant cost) %
Life expectancy 20 y
Facility use rate 22.6 25.1 22.1 473 %
System capacity 8.4 7.6 7.6 17 Gcal/h
Total keal 16,600 16,600 13,674 70,828 16,600 Geally
Milli
Initial cost 12,500 14,300 18.6 28,193 2,922 Hon
won/y
Operating& 70 h14 9.3 2.900 Million
management/y won/y
Fuel cost/y 399 306 1,137 781 495 Million
won/y
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Table 12 Each energy

sources LOCE result

Type Waste heat | Geothermal Conveptional Biomass Steam Unit
system system boiler
Initial cost(I)[12,500| 60% |14,300| 69% | 186 | 1.3% |28,193| 38% |2,922 | 32% [Million won/y
O&M(OMc) | 3,322 | 16% |2,639| 13% | 114 | 0.8% |35,685| 49% 0% [Million won/y,
Fuel(F) 4,920 | 24% | 3,765 | 18% [13,991]|97.9%| 9,610 | 13% | 6,093| 68% [Million won/y]
LCC 20,742 20,704 14,211 73,488 9,016 Million won/y]
LCQ 204,267 204,267 168,262 871,554 204,266 Geal
LCOE 101.5 101.4 84.9 84.3 44.1 3&‘:32:;
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Table 13 Payback period calculation

Payback Period

4.798 years

Discounted Payback Period

6.858 years

Cash Flow Return Rate

20.33% per year
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Table 14 Payback cash flow for 20 years.

Cash Flow Net Cash Flow Discounted Cash Net Discounted
Flow Cash Flow
Year 0 -2,500,000,000.00 -2,500,000,000.00 -2,500,000,000.00 -2,500,000,000.00
Year 1 521,000,000.00 -1,979,000,000.00 473,636,363.64 -2,026,363,636.36
Year 2 521,000,000.00 -1,458,000,000.00 430,578,512.40 -1,595,785,123.97
Year 3 521,000,000.00 -937,000,000.00 391,435,011.27 -1,204,350,112.70
Year 4 521,000,000.00 -416,000,000.00 355,850,010.25 -848,500,102.45
Year 5 521,000,000.00 105,000,000.00 323,500,009.31 -525,000,093.14
Year 6 521,000,000.00 626,000,000.00 294,090,917.56 -230,909,175.58
Year 7 521,000,000.00 1,147,000,000.00 267,355,379.60 36,446,204.02
Year 8 521,000,000.00 1,668,000,000.00 243,050,345.09 279,496,549.11
Year 9 521,000,000.00 2,189,000,000.00 220,954,859.17 500,451,408.28
Year 10 521,000,000.00 2,710,000,000.00 200,868,053.79 701,319,462.07
Year 11 521,000,000.00 3,231,000,000.00 182,607,321.63 883,926,783.70
Year 12 521,000,000.00 3,752,000,000.00 166,006,656.03 1,049,933,439.73
Year 13 521,000,000.00 4,273,000,000.00 150,915,141.84 1,200,848,581.57
Year 14 521,000,000.00 4,794,000,000.00 137,195,583.49 1,338,044,165.07
Year 15 521,000,000.00 5,315,000,000.00 124,723,257.72 1,462,767,422.79
Year 16 521,000,000.00 5,836,000,000.00 113,384,779.75 1,576,152,202.53
Year 17 521,000,000.00 6,357,000,000.00 103,077,072.50 1,679,229,275.03
Year 18 521,000,000.00 6,878,000,000.00 93,706,429.54 1,772,935,704.57
Year 19 521,000,000.00 7,399,000,000.00 85,187,663.22 1,858,123,367.79
Year 20 521,000,000.00 7,920,000,000.00 77,443,330.20 1,935,566,697.99

_48_




Net Cash Flow (million won)

8000 ~

7000

6000

5000

4000

3000

2000 -

1000 -

-1000

-2000

-3000

-4000

<1

0

1

2 3 4 5 6 7 8 9 1011

Year

12 13 14 15 16

17 18 19 20

Fig. 15 Payback Period Net Cash Flow for 20 yrs.

_49_



2500 ~
2000

1500 "

—
=
[=3
(=]
T
\
]

W
(=
S
T
|

S
T
u

-1000 Vs
-1500 /
2000 - m

2500 - m

Net Discounted Cash Flow (million won)
2
RN

Y470 A N S Y N N O N N N N N
-1 0123 45 6 7 8 9101112131415 16 17 18 19 20 21

Year

Fig. 16 Payback Period Net Discounted Cash Flow for 20 yrs.

_50_



- —
o

15§
&l

iod
ol

S
m__u__
<
0l

ol o 3

TFAI A 7}

ko)

=
=

A}
o)

=]

-

P
T

Fol 2uf

tar glem, A
[}

7}

[}

3

I

o

% 4
=

1
Sec. 402(National Pollutant Discharge Elimination System)olA <+

<]

2] ¥ (Federal Water Pollution Control Act) Sec. 31694 g &4

A o

=]
(Thermal discharge) #]ol] 3+ A}

=
R

=
-

3 A EiA

Hj
A

i
K

g FAA =

571 3

Z

1o

w
O

o]

o
)
Ay

—_—
o

2ol

9 (mixing zone)

5
H

3%

]

A

|
2
el
100

Bo

fi%e)

0

{+
o

—

ol

%4

Ve AR I F

718l &= A

o}
!

il
it

I
Nk

o
i)

Fa 9lom 1 o

S

o=

o

&+
o}

[
G

o
ﬁo
o)

o
N
g

el

93 1km °]ul<]

ol

)

=3
o

™
BR
—_
fite)
4

N

1

0
il

5|
pud

]

-

|

(o)
(o)

Ie.
e

%

x
fig

1t

2lo

1

, 20014 14,

Rins
1=

<

==
=]

3}

HE S 1989 44,

I

9

il 154

¥
-
R

o

I3

ﬂ
o1 73 41.29]

o]
H

=

71 o
==

R 1,771

<

1 X H 1990F-E] 2005 7FA] AR

Y-
_\ﬂ

}
_5‘|_

=
9

Al
yl

9
%
¢l

PN
T

CE
o

T —

, 2006 14,
B 1,459% HAE L T3]

1

3|
d

S

1t

A

5
fins

3

-

)

f15 wel
e &

, 19951 64, 376

]

S
=

(3]

o

(eS]
Sa

4.9

=2
=

S

b AAEHel W L)

=
T

7] 9
7] o4&l 786

<

=
d=05 71

fus

d 7] 7}

HF A o
1, 2

176

ql

S



A F=

=

=

A 7h2=9] 80%

i

FalEl A= A A

A

ofiMel BHMY &t
Stoll wel st AR e Abgo] FFeta 1 Adr o]

_"

&
his

.I
alk
=

|
el

}

A
pul

3 L | v B 2l = o) 3L o) o o
o B oo T W d X R Ao N P A +
I = = B T oW ww CU Ry w T E - w = "
]L . ._l — !
G e TwowTgwra ¥ Fy o o
! - T A R S A T A e
w5 TR ow o o= S RO L L St -
~ = T O o=
a ARG A ool o T = oA N xR ee o
° RN g Zegsled T e oq P p
_H— (OV] T = —~
T TGP oRBRL o fYderTPap o
Lcmv Mo WX ) _mo o3 7 % B wﬁ = N H__ = o )
= SR ™ = o7 - oy o </ L W o T
i M oow o TN g 7~ 0 % ﬁ !
T I R G T S N B W o
m M o o o+ w7/ o T o . WW T o 9 - N s
= =0 ~ K -
y EoIeiTEriusTocoza
o T B = e NS e M @ s gy M
_ s oo o
o S N o ot st —
SRR RN N
— RN o o T ol SR T il
i %Emmﬂ% <+ ,%m% T S < 4w ok
x S T NS o W :
x T N W5 Ny A~ > 1 X
I ~ H 2 o
. H,cﬁ i S ! MM moo A:L_ X oﬂw | o hmﬂ o= = W 8
3 o T N )| _1&. I Ne) v ~ @ —
,mw = ° mm % <0 o w I IY ww = W NS mm ~
Ho.ﬁ NE Lﬂ! N N7E 1 ) EE - ~ ﬁo ﬂﬁ N 0 ~ io ﬂﬂ < ﬁl
) ~ —_ —_— N ) [——
- %5%%%zw%mmeﬂ;aq%mﬂ o
k1 o oh L 5 38 T oo T =
al7 W 5o RER 2w X = X w —
= i T o R - T Y SR z
o o oom o T 0 s o Mo ©
TfTrIiiEiiizEcivicE G
Iy T = o= 9 CRNCE N &r_ﬁ = © ) . T w
Fx O EES Ly TP 2RI T
= ~ -~ JvAl ~3 ol b3 —_— ! —
° X KR ET TP o R o R
No 2 W - T X o o= — = =z - ol =
= X R = & = N TR N o AE T
- "o Bk e ) AN Y = o 3 T Ho R oy O
1 o o). . ) \Aﬁ ﬂuﬁ T \m_m Ju_i oy ~ J._i ~ E:l _.BE ol nmE
oo q T & MoN DT ToR b L S
e ° TR EAIZ I T EFREMT T TR

A

[e)
=

1t

<)

T Stk 2020

4RF500

NS EY
= = =
=

S

1t

oo

e

=
=

Edy
67,351,500

2

b3}t

Qs

_52_

& 25586 kgCO,
A

1 1d 7]

°

o

=

1,663& ©]
]_

I A Aol

CO;

.

E]]__

=
=

Eis

, AAA A Z A

7=

]
]

A

[e]
o
A

9

sea g =EF 47

=

2]

Bl e} AladE]of A ul

4
=i



Table 15 Facility tangerine CO. emission per 10a ( Unit : kgCO, )
Machinery Heating Facility Storage Total CO.

Electricity - 53.0342 264.5361 - 317.5703

Light oil 1,500.7607 388.7981 - 1,998.4223 3,887.9811

Heavy oil - - 24,879.1991 - 24,879.1991

Gasoline 44112 - - - 44112

Kerosene - - - - -

Gas - - - - -

Coal briquet - - - - -

Total CO. 1,505.1719 441.8324 25,143.7352 - 29,089.1617
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