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ABSTRACT: The government promotes the 2050 carbon-neutral policy. Therefore, the concern to convert livestock manure
into energy is increasing for the reduction of greenhouse gases generated in the livestock industry sector. In this study,
the economic feasibility of the livestock manure solid fuel power generation facility, which is a major consumer of livestock
manure solid fuel, was assessed to expand the demand for livestock manure solid fuel. The production cost of livestock
manure solid fuel showed the lowest production cost of 97.4 thousand won/ton when dried using solid fuel at a 200
ton/day scale bio-drying facility. The livestock manure solid fuel power generation facility showed economic feasibility
at a REC weight of 1.5 in the case of the bio-drying facility, so it was necessary to set a REC weight of 1.5 or more
to expand the demand for livestock manure solid fuel. The conversion of livestock manure into solid fuel has various
environmental benefits, such as the reduction of greenhouse gases and the effect of reducing non-point pollutants in the
water system. Therefore, in order to expand livestock manure solid fuel production facility, it was required to review
the feasibility including various environmental benefits.
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Manufacturing facility type

Manufacturing cost analysis of
livestock manure solid fuel

- Drying method: Thermal drying, Bio-drying
- Fuel : Livestock manure solid fuel, LNG, Diesel, Kerosene

J

Mass balance analysis by manufacturing facility type

- Mass balance : Analysis of solid fuel production
- Energy balance :

Analysis of dry energy consumption

J

Manufacturing cost analysis by manufacturing facility type

- Installation cost: Standards for supporting the project cost of the joint
resource (energy conversion) of livestock manure by the Ministry of
Agriculture, Food and Rural AffairscMAFRA)

- Maintenance cost: Labor cost, Electricity cost, Maintenance cost, Raw
material collection and transportation cost, Subsidiary material(sawdust)
purchase cost, Fuel cost, Wastewater treatment cost, Financial interest,
Depreciation cost, Reasonable profit, etc.

Economic analysis of livestock

Power generating plant

manure solid fuel power plant

- 10 MW, biomass power plant

"

Review of appropriate REC weights index

- REC Weight index :
- Economic analysis: B/C ratio, internal rate of return (IRR), net present

value (NPV)

1.5, 2.0

Fig. 1. Flow of economic analysis of livestock manure solid fuel power generation facility.
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Table 1. Manufacturing Facility Types for Analysis of Manufacturing Cost of Livestock Manure Solid Fuel

Type Type | Type I
Summary Fermentation drying Thermal drying
Raw material =00 on) - 67%(w/w)

moisture content”

- Dry to 45% moisture content through fermentation

Process Features

drying, then dry to 20%” moisture content through

- Dry up to 20% moisture content through thermal

thermal drying drying
- Type I-1 : Solid fuel - Type 1I-1 : Solid fuel
- Type I-2 : LNG - Type 1I-2 : LNG

3)
Subtype - Type I-3 : Diesel

- Type I-4 : Kerosene

- Type 1I-3 : Diesel
- Type 1I-4 : Kerosene

1) : Utilization of the results of self-analysis targeting livestock manure from sawdust barns.
2) : The Act on the Management and Use of Livestock Manure stipulates that the moisture content of livestock manure solid fuel is less

than 20%.

3) : Separate types according to the types of raw materials used in thermal drying.

characteristics | : 67%
(moisture :
content)

—> 5%

Thermal
Process Raw material |-/ Bio-drying process w{  drying Molding Product
i process
Sawdust
(Moisture H
Process controller) :
L 4
Flow Livestock 1=t gnd Thermal : | Livestock
manure  Mixing |-» bio-drying » bio-drying [ F» Molding |# manure
:| (Cattle manure) |: drying | | solid fuel
Drying : l : l l

—* 60% —» 45%

Fig. 2. Process and drying characteristics of livestock manure solid fuel plants(Type I).
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Fig. 3. Process and drying characteristics of livestock manure solid fuel facility(Type II).

Table 2. Criteria for Calculating the Material and Energy Balance of Livestock Manure Solid Fuel Manufacturing Facilities.

Process classification

Type of manufacturing facility

Type |

Type |l

Livestock manure”

Inflow(ton/day)

70, 100, 150, 200 70, 100, 150, 200

Moisture content(%o) 67 67
(Cattle manure)
) Bulk density(ton/m®) 0.8 0.8
Raw material
o) Inflow(ton/day) 3.5, 50,75,10 35,50, 75,10
Moi 11
oisture controlle Moisture content(%) 25 25
(Sawdust) .
Bulk density(ton/m’) 0.3 0.3
Hydraulic retention time(day)® 15 -
Heat capacity for evaporation(kcal/kg)” 900 -
Ist blow-type Heat capacity by decomposition of organic 4,500 -
fermentation drying matter(kcal/kg)”
Organic matter decomposition rate(%/day)® 0.7 -
Fermentation Target moisture content(%)” 60 .
drying process Hydraulic retention time(day) 16 -
Heat capacity for evaporation(kcal/kg) 900 -
Secondary mechanical Heat capacity by decomposition of organic 4,500 -
fermentation drying matter(kcal/kg)
Organic matter decomposition rate(%o/day) 1.0 -
Target moisture content(%o) 45 -
F71 &AL 302), 2022
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Table 2. Continued

Type of manufacturing facility

Process classification

Type | Type |l

Heat capacity for evaporation(kcal/kg) 900 900

Target moisture content(%o) 20 20

Thermal drying Solid fuel® Lower Heating Value(kcal/kg) 3,000 3,000
process LNG Lower Heating Value(kcal/Nm®) 9,550 9,550
Diesel Lower Heating Value(kcal/L) 8,450 8,450

Kerosene Lower Heating Value(kcal/L) 8,350 8,350

1) :

: Moisture controller(sawdust) inflow(ton/day) = (Livestock manure inflow(ton/day) x (Livestock manure moisture content(%) - Target

3)
4

5)

6) :
: Moisture content management target of the effluent for each process step for the production of livestock manure solid fuel(%).
8) :

70, 100, 150, and 200 ton/day facility capacity set for facility types I and II, respectively.

moisture content(%))/(Target moisture content(%) - Sawdust moisture content(%)).

: Reaction time(days) during which raw materials stay in the process = Total volume of process reactor(m’)/daily raw material

input(m®/day).

: The amount of heat consumed for evaporation(vaporization) of water and the physical heat of vaporization of water are 540 kcal/kg, but

set to 900 kcal/kg in consideration of the thermal efficiency of the process.

: Respiratory heat generated by microorganisms decomposing organic matter in the fermentation and drying process (Ministry of

Agriculture, Food and Rural Affairs, etc. 2009).
Decomposition rate of organic matter in the fermentation and drying process(%o/day).

Livestock manure solid fuel, livestock manure solid fuel manufactured in the process is used as dry fuel.

Table 3. Criteria for Manufacturing Cost Analysis of Livestock Manure Solid Fuel

Classification Criteria for cost analysis

- Applied unit price based on installation cost of livestock manure joint resource(energy)
facility by the Ministry of Agriculture, Food and Rural Affairs.

- Project cost by construction type: Civil engineering 25%, Construction 25%, Machinery
30%, Electricity 10%, Other 15% applied.

Installation cost”

- Office workers, machinery, temperature, environment, safety and safety ratings (70 tons/day
size 7 people, 100 tons/day size 8 people, 150 tons/day size 9 people, 200 tons/day size
10 people applied)

Labor cost”

Existing common resource conversion(energy conversion) facility power consumption
Electricity cost survey case application
Agricultural use(B, high voltage), contract power 500kW, operating days 330 days/year

- Calculation of sawdust consumption based on material balance calculation results

h
Sawdustpurchase (imported sawdust 200 won/kg)

Maintenance Fuel cost - Based on the mass balance calculation result
cost (Heat drying) - Fuel type: Livestock manure solid fuel product, LNG, Diesel, Kerosene
Wastewater - Based on the mass balance calculation result, the amount of wastewater generated is
consignment calculated
treatment cost - Consignment processing cost 10,000 won/ton applied

Financial interest - 3-year deferral, 7-year repayment, 2% per annum

Residual value 10%, straight-line method applied
Endurance: 10 years in mechanical and electrical fields, 20 years in civil engineering and
construction fields

Depreciation cost

Reasonable profit - 8%/year of investment(self-pay + loan, 30% of project cost)

1) :
2):

Reorganized by the Ministry of Agriculture and Food (2021).
The labor cost standards for each job of the Korea Engineering & Consulting Association (2020) are applied.

J. of KORRA, 30(2), 2022
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Table 4. Criteria for Power Generation Cost Analysis of Livestock Manure Solid Fuel

. Estimated o »  The amount of Depreciation cost  O&M cost®
Installed capacitys) . Utilization rate . . Discount rate I -
(MW,) investment cost (%) electricity generation (%) (100 million (100 million
o (100 million won) 0 (GWhlyear) ’ wonlyear) won/year)
10 640(545)" 80 62 4.56 27 107

Data source) Refer to Korea East-West Power internal data.

1) Facility capacity is based on the amount of electricity generated per day.
2) Utilization rate: 80% (70GWh/87.6GWh), power generation efficiency: 28.4%, Power consumption rate in power plant: 11.68%.
3) O&M cost: Fuel cost + Operating cost + Insurance premium + Tax, etc.

4) Excluding residual value.
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Table 5. Treatment Facility Operation Mass Balance by Facility Capacity(Type I)
o Facility capacity(ton/day)
Process classification
70 100 150 200
Cattle manure Inflow(ton/day) 70 100 150 200
. Sawdust Inflow(ton/day) 3.5 5.0 7.5 10.0
Raw material
Mixed raw Inflow(ton/day) 73.5 105.0 157.5 210.0
materials”  Moisture content(%) 65.0 65.0 65.0 65.0
Solid content(inflow)(ton/day) 25.73 36.75 55.13 73.50
Solid content(spill)(ton/day) 23.02 32.39 49.33 65.78
Reduction of solids content(ton/day)” 2.70 3.86 5.79 7.72
1st blow-type .
fermentation Amount of heatﬂdecomposed from organic 12,155 17,364 26,047 34,729
drying matter(Mcal/day)”
Water evaporation(ton/day)” 13.51 19.29 28.94 38.59
Fermented dried product production(ton/day)  57.29 81.85 122.77 163.70
Fermentation Fermented dried product moisture content(%)  59.81 59.81 59.81 59.81
drying process Solid content(inflow)(ton/day) 23.02 32.89 49.33 65.78
Solids content(spill)(ton/day) 19.34 27.63 41.44 55.25
Secondary Reduction of solids content(ton/day) 3.68 5.26 7.89 10.53
mechanical Amount of heat decomposed from organic 16,577 23,682 35,523 47,363
fermentation matter(Mcal/day)
drying  Water evaporation(ton/day) 18.42 2631 3747 52.63
Fermented dried product production(ton/day)  35.19 50.27 75.41 100.54
Fermented dried product moisture content(%)  45.04 45.04 45.04 45.04
Solid content(inflow)(ton/day) 19.34 27.63 41.44 55.25
Solid content(spill)(ton/day) 19.34 27.63 41.44 55.25
Water evaporation(ton/day)”’ 11.01 15.74 23.60 31.47
~ Amount of solid fuel production(ton/day)” 24.18 34.54 51.80 69.07
Ther}')‘:ieizymg Solid fuel moisture content(%) 20.0 20.0 20.0 20.0
Solid fuel(kg/day) 3,304 4,721 7,081 9,442
Fuel LNG(Nm’/day) 1,038 1,483 2224 2,966
consumption”  Diesel(L/day) 1,173 1,676 2,514 3,352
Kerosene(L/day) 1,187 1,696 2,544 3,392

1) : Livestock manure (Cattle manure) + Moisture controller(Sawdust) mixture.
2) : Reduction of solids(ton/day) = Content of solids(inflow)(ton/day) x Organic matter decomposition rate(%/day)(Table 7) + 100 x Hydraulic

retention time(days).

3) : Amount of heat decomposed from organic matter(Mcal/day) = Reduction of solids content(ton/day) x Amount of heat decomposed from
organic matter(kcal/kg)(Table 7) x 1,000(kg/ton) + 1,000(kcal/Mcal).
4) : Water evaporation(ton/day) = Amount of heat decomposed from organic matter(Mcal/day) +~ Latent heat of evaporation of water(900

kcal/kg)(Table 7).

5) : Water evaporation(ton/day): The amount of water evaporation required to meet the water content of solid fuel(20%) quality standards.
6) : Livestock manure solid fuel product with 20% moisture content.
7) : Consumption by fuel required for the production of livestock manure solid fuel products with a moisture content of 20% in the thermal

drying process.

J. of KORRA, 30(2), 2022
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Table 6. Mass balance of treatment facilities by facility capacity(Type II)
o Facility capacity(ton/day)
Process classification
70 100 150 200
Cattle manure Inflow(ton/day) 70 100 150 200
. Sawdust Inflow(ton/day) 3.5 5.0 7.5 10.0
Raw material
Mixed raw Inflow(ton/day) 735 105.0 157.5 210.0
materials])  Moisture content(%) 65.0 65.0 65.0 65.0
Solid content(inflow)(ton/day) 25.73 36.,75 55.13 73,50
Solid content(spill)(ton/day) 25.73 36.75 55.13 73.50
Water evaporation(ton/day)” 4134 59,06 88.59 118.13
~ Amount of solid fuel production(ton/day)” 32.16 45.94 68.91 91.88
The‘;?ie‘sizymg Solid fuel moisture content(%) 20.0 20.0 20.0 20.0
Solid fuel(kg/day) 12,403 17,719 26,578 35438
Fuel LNG(Nm’/day) 3,896 5,566 8,349 11,132
consumption”  Diesel(L/day) 4,403 6,291 9436 12,581
Kerosene(L/day) 4,456 6,366 9,549 12,732

1) :
2):

4):

A
]

=3

Q)
=

: Livestock manure solid fuel product with 20% moisture content.

drying process.
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Atk weba Sz B2 Vs IA9E
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oA HEAZE A VSRR IAAR Az
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2o & YEIET o= 7Isis IA9ES] =

A3k (Type Do 71 IAAE A2A A9
A2 UAE SHASE sk ZFolA
gz ouA 8757 JA S71e Aol

Livestock manure(Cattle manure) + Moisture controller(Sawdust) mixture.
Water evaporation(ton/day): The amount of water evaporation required to meet the water content of solid fuel(20%) quality standards.

Consumption by fuel required for the production of livestock manure solid fuel products with a moisture content of 20% in the thermal
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Table 7. Analysis of Economic Feasibility and Manufacturing Cost of Livestock Manure Solid Fuel Manufacturing Facility(Type T)

Facility capacity(ton/day)

Classification
70 100 150 200
Direct Livestock manure treatment cost 462,000 660,000 990,000 1,320,000
convenience Sum 462,000 660,000 990,000 1,320,000
(1,000 won/year)
Personnel expenses 377,631 435,255 492,879 545,549
Electricity cost 96,177 137,396 206,094 274,792
Vehicle maintenance cost 11,317 16,167 24,250 32,333
Facility maintenance cost 140,000 184,000 243,000 292,000
Sawdust purchase 231,000 330,000 495,000 660,000
Type I-1(Solid fuel) 0 0 0 0
Fuel cost Type [-2(LNG) 165,536 236,480 354,720 472,960
Cost Type I-3(Diesel) 450,449 643,499 965,249 1,286,998
(1,000 won/year) Type I-4(Kerosene) 319247 456,067 684,100 912,134
Wastewater treatment cost 36,350 51,929 77,894 103,858
Financial interest 28,000 36,800 48,600 58,400
Depreciation 441,000 579,600 765,450 919,800
Type I-1(Solid fuel) 1,361,475 1,771,147 2,353,166 2,886,733
Sum Type [-2(LNG) 1,527,011 2,007,627 2,707,886 3,359,693
Type I-3(Diesel) 1,811,925 2,414,646 3,318,415 4,173,731
Type I-4(Kerosene) 1,680,722 2,227,213 3,037,266 3,798,866
Reasonable profit(1,000 won/year) 168,000 220,800 291,600 350,400
Type I-1(Solid fuel)” 6,887 9,839 14,758 19,678
Amount of solid fuel production. Type I-2(LNG) 7978 11,397 17,095 22,794
(ton/year) Type 1-3(Diesel) 7,978 11,397 17,095 22,794
Type I-4(Kerosene) 7,978 11,397 17,095 22,794
Type I-1(Solid fuel) 155.0 1354 112.1 97.4
Solid fuel manufacturing cost? Type 1-2(LNG) 154.6 137.6 117.5 104.9
(1,000 won/ton) Type I-3(Diesel) 190.3 1733 1533 140.6
Type 1-4(Kerosene) 173.8 156.9 136.8 124.1

1) : Excluding solid fuel consumption for drying from solid fuel production.
2) : Solid fuel manufacturing cost(1000 won/ton) = (Cost - Direct convenience - Reasonable profit) + Amount of solid fuel production.

Table 8. Analysis of Economic Feasibility and Manufacturing Cost of Livestock Manure Solid Fuel Manufacturing Facility(Type 11)

Facility capacity(ton/day)

Classification
70 100 150 200
Direct Livestock manure treatment cost 462,000 660,000 990,000 1,320,000
convenience

(1,000 won/year) Sum 462,000 660,000 990,000 1,320,000
Personnel expenses 377,631 435,255 492,879 545,549

Cost Electricity cost 96,177 137,396 206,094 274,792
(1,000 Vehicle maintenance cost 11,317 16,167 24,250 32,333
won/year) Facility maintenance cost 140,000 184,000 243,000 292,000
Sawdust purchase 231,000 330,000 495,000 660,000
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Table 8. Continued

Classification

Facility capacity(ton/day)

70 100 150 200
Type I-1(Solid fuel) 0 0 0 0
Type 1-2(LNG) 621,309 887,585 1,331,377 1,775,169
Fuel cost
Type 1-3(Diesel) 1,690,679 2,415255 3,622,883 4,830,510
Type I-4(Kerosene) 1,198,234 1,711,762 2,567,644 3,423,525
Cost Wastewater treatment cost 136,434 194,906 292,359 389,813
(1,000 Financial interest 28,000 36,800 48,600 58400
won/year)  Depreciation 441,000 579,600 765,450 919,800
Type I-1(Solid fuel) 1,461,559 1,914,124 2,567,632 3,172,687
Sum Type 1-2(LNG) 2,082,869 2,801,708 3,899,009 4,947,856
Type 1-3(Diesel) 3,152,238 4,329,379 6,190,515 8,003,197
Type I-4(Kerosene) 2,659,793 3,625,886 5,135275 6,596,212
Reasonable profit(1,000 won/year) 168,000 220,800 291,600 350,400
Type I-1(Solid fuel)" 6,519 9,312 13,968 18,624
Amount of solid fuel Type 1-2(LNG) 10,612 15159 22739 30319
p(rt?il/l;z; Type 1-3(Diesel) 10,612 15159 22,739 30,319
Type I-4(Kerosene) 10,612 15,159 22,739 30,319
Type I-1(Solid fuel) 179.1 158.4 133.8 1183

Solid fuel manufacturing cost”? Type I-2(LNG)
(1,000 won/ton) Type 1-3(Diesel)

Type I-4(Kerosene)

168.6 155.8 140.8 131.2
269.4 256.6 241.5 232.0
2229 210.2 195.1 185.6

1) : Excluding solid fuel consumption for drying from solid fuel production.

2) : Solid fuel manufacturing cost(1000 won/ton) = (Cost - Direct convenience - Reasonable profit) +

N
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Table 9. Results of Economic Analysis of Livestock Manure Solid Fuel Power Generation Business (REC Weight Index 1.5)

. Solid fuel Economic evaluation index"
Manufacturing : .
facility tyoe Drying method manufacturing cost c
Y P (1000 won/ton) IRR B NPV
Type 1 Fermentation drying 97.43 5.9% 1.04 6.23 billion won
Type 11 Thermal drying 118.29 2.7% 0.95 -7.65 billion won

1) Analysis at SMP 70 won/kWh and REC 100 won/kWh.

Table 10. Results of Economic Analysis of Livestock Manure Solid Fuel Power Generation Business (REC Weight Index 2.0)

. Solid fuel Economic evaluation index”
Manufacturing . .
facility tvoe Drying method manufacturing cost o
y P (1000 won/ton) IRR B NPV
Type 1 Fermentation drying 97.43 11.6% 1.22 35.34 billion won
Type 1I Thermal drying 118.29 9.0% 1.12 21.46 billion won

1) Analysis at SMP 70 won/kWh and REC 100 won/kWh.
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Fig. 4. Changes in IRR of livestock manure solid fuel power generation business.
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Fig. 5. Changes in B/C ratio of livestock manure solid fuel power generation business
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