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Abstract: The energy use of forest biomass is crucial to deal with climate change and achieve the carbon-neutral
goal. This study aims to analyze the economic feasibility of forest biomass thermal energy facilities and calculate
the optimal subsidy level of heat supply to ensure continued operation of the facilities. To achieve this aim, the net
present value approach (NPV) and call option price model are adopted considering wood chip price volatilities. The
Forest Energy Self-Sufficient Village Project financed by Korea Forest Service is considered as the research case
study. In our analysis, when 50% of the initial investment is given to the subsidies and RECs are applied to only
power generation, NPV and IRR are both negative and the investment value using the real option model is also zero.
We concluded that some heat subsidies should be acknowledged to keep the facilities operating. Besides, the
simulation results reveal reliable economic values when the heating subsidy is priced at KRW 0.0248 per kcal.
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Table 1. Facility specification of Forest Energy Village.

Classification Unit Specification Classification Unit Specification
Electricity generator kW 70.0 Electricity loss % 20.0
Wood chip boiler kW 400.0 Heat loss % 4.0
Electricity efficiency % 20.0 Operation period year 25
Heat efficiency % 75.0 Plant cost million KRW 1,080
Operation rate % 70.0 Storage cost million KRW 1,400

Source: KFS(2020).
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Table 2. Basic data for economic analysis.

Classification Description
Electricity sales price 120.0KRW/kwh
Heat sales price 65.2KRW/Mcal

95,000KRW/ton
2,666 kcal/kg
44 3KRW/KW

0.5% of initial investment

Wood chip price

Wood chip heating value
REC (weight 1.0)
Annual maintenance
0.23% of initial investment
Initial investment(subsidy 50%) 2,213 million KRW

labor cost (1 person)

Insurance etc

20 million KRW per year
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Figure 1. Binominal tree of wood chip price movements.
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Table 3. Coefficient value in mean-reverting process.

Coefficient Description Value

a rate of mean reversion 0.65

8 log-term trend 11.27

o volatility 0.17

U upward 1.12

D downward 0.82
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Figure 2. Wood chip price change and real upward probability.

Table 4. Variables for real option price model.

Coefficients Description
S revenue from the power station
K initial investment
r interest rate without risk
T project period
At time interval (1 year)

Table 5. Economic feasibility using real option and NPV.

Classification Value
NPV and IRR -¥2,086,258 (IRR: -13.3%)
Option value 0
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Figure 4. Comparison of option value and NPV with heat subsidy.



460 BEILMARRIZ2EEE

Table 6. Comparison of option value and NPV by heat subsidy
level.

Heat subsidy Option value NPV

(KRW/keal) (1000KRW) (1000KRW)
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0.06 W701,777 W165,812
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