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ABSTRACT In South Korea, most rural households rely on individual heating systems that use kerosene, electricity, and firewood,
leading to higher heating costs than those in urban areas. Distributed heat supply facilities consisting of Combined Heat and Power
(CHP) systems and boilers that utilize unused forest biomass as fuel are being developed to reduce these costs. This study evaluated
the economic feasibility of distributed heat supply facilities based on regional heat demand, particularly those consisting of gasification
and Organic Rankine Cycle (ORC) systems. The results showed that the gasification and ORC systems achieved the highest internal
rates of return of 11.3% and 9.2%, respectively, when the annual heat demand was 2 GWh (approximately 100 households). However,
as the heat demand increases, the economic feasibility decreases, primarily because of the rising fixed costs associated with the
expansion of the piping infrastructure. The gasification system was more economically viable for demands below 4 GWh (approximately
200 households), whereas the ORC system was better for higher demands. To ensure economic viability, it is crucial to establish heat
supply systems in regions with large-scale heat demand facilities beyond individual households to secure a higher heat sales ratio for
CHP facilities.

Key words Combined heat and power(& 1§t 24), Distributed heat supply system(3A4Fs & 35 A]2~#l), Unused forest biomass(H]
o]-g Atgulo] @ ull 2), Economic analysis(73 Al 4 &A1)

1) Ph.D. Student, Department of Forest Management, Kangwon Nomenclature
National University RC  :required capacity (kW)
DC : designated capacity (kW)

MHL : monthly heat load (kWh/month)

2) Executive Director, Green Carbon Research Center

3) CEO, Namuenergy, Co. Ltd.

4) Professor, Division of Forest Sciences, College of Forest and
Environmental Sciences, Kangwon National University MOH : monthly operating hours (hr/month)

"These authors contributed equally to this work. YOH : yearly operating hours (hr/year)

*Corresponding author: hsk@kangwon.ac.kr . - o
Tel: 482-31.950-8336 HSR : heat sales ratio (%)

Copyright (©) 2025 by the New & Renewable Energy
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



P
g]_n
=]
r=
Jo
r
°
o>
]
0z
]

TR  :total revenue (won/year)

TCI :total capital investment cost (won)

Ol  :ordinary income (won/year)

MHS : monthly heat sales (kWh/month)
MHP : monthly heat production (kWh/month)

F : yearly fuel consumption (ton/year)

CV,,, :net calorific value (kcal/kg)

e : energy efficiency of facilities (%)
Subscript

CHP : combined heat and power
el, th : electricity, thermal

b, p :base load, peak load
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‘ Annual district heat demand scale ‘

Monthly residential
heat consumption ratio

‘ Monthly heating load ‘

—— CHP ——
Highest month Lowest month Gasification
(Peak load) (Base load) ORC
Thermal /
Electrical
efficiency
CHP
Required
capacity
CHP CHP
—— Monthly heat —— Designated
production capacity

Monthly residual load

Hot Water Boiler
Required capacity

I

Hot Water Boiler
Designated capacity

Fig. 1. Proposed method of determining optimal capacity of
heat supply facilities

Table 1. Monthly residential heat consumption ratio

Category Heat Consumption Ratio
Month 1 2 3 4 5 6
Ratio (%) | 21.3 | 15.2 | 11.0 6.4 45 2.6
Month 7 8 9 10 11 12
Ratio (%) | 1.8 1.5 2.1 .1 10.5 | 18.0
Total (%) 100
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Table 2. Energy efficiency of biomass heat supply facilities

L Hot Water
Category Gasification ORC Boiler
Hlectrical 25% 10% -
efficiency
Thermal 50% 0% 90%
efficiency
Energy loss 25% 20% 10%
Total 100% 100% 100%
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Table 3. Specific cost of facility investment

Contents Unit Specific Cost
Gasification facilities 6,600,000
won/kWeg ————————
ORC facilities 6,700,000
ORC boiler 450,000
won/kWy, ————————
Hot water boiler 400,000
Piping won/m 400,000
Heat exchanger won/unit 3,640,000
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Table 5. Capital investment cost of heat supply system at
1,000 MWh heat demand

Type of facilities
Investment Cost Unit
Gasification ORC
Facility 330,000 335,000
Hot Water Boiler 120,000 —
ORC Boiler K won - 157,500
Piping 1,340,000
Heat Exchanger 182,000
Total Cost M won 1,972 2,014.5
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Fig. 2. Cash flow of Gasification system during the business
years at the district of 1,000 MWh heat demand

56,1597 9] kol AF 55 Yety Ax7} S71ekl
ula} 71 o] Sk AR YElHTHFig. 2). AREFA}
H]8-9] 50%¢] AREXUF 986l Y2 A L]dt 27| Ex}

H]-§-2 986HIRt o]}l o, ofof gt AR e)r7| k2 oF
11.39¢] Aoz yepyith

ORC A|2H19] 739-, A7 4=¢) F ORC 27 Ao
A A= A7) 9 E sl = 2 vleo] Z12F oF 30.7%,

69.3%= AA|sk= A
|

O UEpton] ¥ro] 2aH Az

3] o= Aoz 7PgsIgl]ol Bde] & W

il
i
Wi

1A
rlo

£e

N

B

&
4
2

L
2

@
tlo

w

i

12 o
-~

ol
ﬂ_lﬂ o\
o ng

rd ok
ol

B ong o o
32

A

2
©
5

S
N
o

e
4 h

AIZh A A
o2 ket
ORC Al2&dl9] A/ e W
—T11,117 7 Yo 2 YEpton,
7} utojy2gle whet AAdol flis A 02 Uebith(Fig,
3). AHY 1A Aol AEsa oF —11,251 X €O
2, AEFEAREo A G RA T 50%E A9k 1,007 ¥
TS Bt AR 7171 208 23 o R 2

4993

19
ox

H A0])

1,000 MWh g8 A HolA & g+ AL HAA
< 7H2PF ORCEY B 2 o8 YEyton, o=

EZER Total Annual Cost
2.000 =3 Total Annual Sales

1.500 —=— Cumulative Cash Flow

01 2 3 456 7

8 9 10 11 12 13 14 15 16 17 18 19 20

s

Business year

-500
-1.000

-1.500

Fig. 3. Cash flow of ORC system during the business years
at the district of 1,000 MWh heat demand

ORCOA 9] &
A= i

THAILEE AR g oF
o e e AR AR
=Tk ORC AR 544 7184k 58(10%) HH] &
AL B8 (T0%)0] v 7] izl 7H3} du]eh FUT
A7) g AR Avjfo] Wil T1of whE o YAt
& ok WolAAl "ot webA ORC € 3w AvlE H =
& @ 85 7R Aol =Ygt & sl wlgo] ot
Holl wfef £ == AR B8 din] & ol vjEo)] F7tst
o A0 AT

A7t A=H]go] 7}
37,9204 7+ 7155)

8925/ 23} 4]
465%/ AR} oF 1 94f T

ol

[e]
3T
= 0]
o =2

=
|

fe=]

=
[ex]
=2

A=
.

AAE And 5= e

=

AEHEIo

= —|

3.1.2 B UM Mu|E E 33 Al
20| mE FXN 24
AtolM= #AFE &
o W Au| e} 24H Yo o] GRS
O & 0 JfHof whet d 55 WA
Folet, AF A & =8 2= 1 GWhit
15 ez skglom, o|qA] Ak drlo] G2 24
50 kW, 100 kW T2 =elal= Ao2 714atgct 1
Ay}, 7443 d T AIAFS 1-4 GWhollA4 &= 50 kWel,
5—8 GWholl A% 100 kWel, 9—10 GWhol|A%= 200 kWel
=9 7kAsh Aduzt Ak Ao g UYeyton, 7kAst A
Ho| A AAtE= Fo| wjaks) tin] 7] wjiZo] 1GWh
THEOA R 24=H A EQfo] a2 E|ItH(Table 6),
ORC & &d Al2Hle] 9of= 1-10 GWhe] g8
TR A] B 50 kWel 2] Au| 2 7| A F3lo] digt & &

| XY 842

o
il

lex]
=

|

WOl N
12 ok

i



EBD1 - ART - OSH - AT

Table 6. Designated facility capacity of heat supply systems
by district heat demand

Designated Capacity
District Gasification ORC
Hea(tGDvsrrsand CHP HoBtc\)’iY::er CHP Hoéc\)/i\ll:rter

(kwel) (KWih) (kWel) (kWin)
1 50 300 50 0
2 50 700 50 400
3 50 1,000 50 700
4 50 1,400 50 1,100
5 100 1,600 50 1,500
6 100 2,000 50 1,800
7 100 2,300 50 2,200
8 100 2,700 50 2,500
9 200 2,800 50 2,900
10 200 3,200 50 3,200
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Fig. 4. Annual heat sale ratio of gasification and ORC by
district heat demand
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Table 7. Aunnual operational status of gasification heat supply system by district heat demand

ems District heat demand (GWh/y)
1] 2 3 4 s | e [ 7 ] s 9 10

Operational Performance
— Energy sales volume (MWh/y)

Electricity 396 396 396 396 792 792 792 792 1,584 1,584

Heat (CHP) 570 688 756 786 1,457 1,513 1,552 1,573 2,837 2,918

Heat (Boiler) 430 1,311 2,243 3,213 3,542 4,486 5,447 6,426 6,162 7,081
— Fuel consumption (ton/y)

CHP 357 357 357 357 714 714 714 714 1,427 1,427

Boiler 108 328 562 804 887 1,123 1,363 1,608 1,542 1,772
— Operating hours (hr/y)

CHP 7,920 7,920 7,920 7,920 7,920 7,920 7,920 7,920 7,920 7,920

Boiler 1,433 1,874 2,244 2,296 2,214 2,243 2,368 2,380 2,201 2,213
Annual Sales (M won/y)
— CHP

Electricity 80.8 80.8 80.8 80.8 161.5 161.5 161.5 161.5 323.0 323.0

Heat 104.0 125.5 137.9 143.4 265.8 276.1 283.2 286.9 517.5 532.3
— Boiler (heat) 78.4 239.2 409.2 586.1 646.1 818.2 993.4 1,172.1 1,123.9 1,291.4
Annual Expenses (M won/y)
— Labour ‘ 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
— Woodchip fuel

CHP 57.1 57.1 57.1 57.1 114.2 114.2 114.2 114.2 228.3 228.3

Boiler 17.2 52.5 89.8 128.7 141,9 179.6 218.1 257.4 246.8 283.6
— Operational 15.3 25.8 36.4 47.0 62.3 72.8 83.4 94.0 113.9 124.5
— Maintenance 39.4 73.1 106.5 140.2 179.4 213.1 245.9 279.5 324.1 357.7
— Depreciation 49.3 91.4 166.3 250.4 348.5 432.6 514.7 598.8 710.2 794.3
— Interest 15.8 29.2 69.1 116.2 171.2 218.3 264.3 311.4 373.7 420.8
— Tax 1.7 10.7 8.1 2.0 — — — - — —

Table 8. Aunnual operational status of ORC heat supply system by district heat demand

District heat demand (GWh/y)
ltems
1 [ e 3 4 5 | e [ 7 ] s 9 10

Operational Performance
— Energy sales volume (MWh/y)

Electricity 396 396 396 396 396 396 396 396 396 396

Heat (CHP) 1,000 1,603 1,875 2,091 2,243 2,330 2,411 2,492 2,569 2,624

Heat (Boiler) - 396 1,124 1,908 2,756 3,669 4,588 5,507 6,430 7,375
— Fuel consumption (ton/y)

CHP 892 892, 892, 892, 892 892, 892 892 892 892

Boiler - 99 281 478 690 918 1,148 1,378 1,609 1,846
— Operating hours (hr/y)

CHP 7,920 7,920 7,920 7,920 7,920 7,920 7,920 7,920 7,920 7,920

Boiler - 992 1,606 1,735 1,838 2,039 2,086 2,203 2,218 2,305
Annual Sales (M won/y)
— CHP

Electricity 80.8 80.8 80.8 80.8 80.8 80.8 80.8 80.8 80.8 80.8

Heat 182.4 292.4 342.1 381.4 409.2 425.0 439.7 454.5 468.6 478.6
— Boiler(heat) - 72.4 2051 348.1 502.7 669.3 836.9 1,004.5 1,172.8 1,345.1
Annual Expenses (M won/y)
— Labour ‘ 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
— Woodchip fuel

CHP 1427 1427 142.7 142.7 142.7 142.7 142.7 142.7 142.7 142.7

Boiler - 15.9 45.0 76.4 110.4 147.0 183.8 220.6 257.5 295.4
— Operational 15.3 25.8 36.4 47.0 57.6 68.1 78.7 89.3 99.9 110.5
— Maintenance 40.3 73.9 107.4 141.0 175.3 208.1 2417 274.6 308.8 3417
— Depreciation 50,4 92.4 168.4 252.5 338.2 420.3 504.4 586.5 672.1 7542
— Interest 16.1 29.6 70.3 117.4 165.4 211.4 258.4 304.4 352.4 398.3
— Tax - 1.0 - - - - - - - -




B
ol
o
>
Jo
r
=]
o>
]
ok
0z
]

7.000 - Gasification —+—ORC
6.000 A
5.000 A

4.000 A

NPV (M won)
w
S
o

0
/2 3 4 5 6 7 8 9 10

Annual district heat demand (GWh)

Fig. 6. NPV of heat supply systems using gasification and
ORC by annual district heat demand
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Table 9. Sensitivity on IRR, NPV, and SPP of heat supply
systems by government subsidy ratio change

Government Profitability
Subsidy Gasification ORC
o Ff)af“?CI) RR | NPV | SPP| RR | NPV [sPP
(%) |(Mwon)| (yr) | (%) | (Mwon) | (yr)
50 10.6 1,335 9.6 8.3 811 1.1
60 13.6 1,694 7.9 | 11.0 1,176 9.3
70 18.2 2,053 6.1 | 15,0 1,540 7.3
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