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Abstract

The decoupled net present value (DNPV) is a popular valuation method for long-
term and complex investment projects. It is believed that this method provides a more
accurate value than the traditional net present value method. Despite its popularity and
accuracy, the DNPV method misvalues projects. This study shows DNPV’s misvaluation
by the put—call parity relationship and proposes to replace DNPV’s synthetic insurance
contract with a synthetic forward contract on the project’s free cash flow. The forward
contract-based DNPV (FDNPV) values the project exactly. In the case study of a gold-
mining project, the risk-neutral and FDNPV values are equal, whereas the traditional NPV
and DNPV values are lower than the risk-neutral value. This finding demonstrates
FDNPV’s exact valuation and DNPV’s misvaluation.
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1. Introduction

The decoupled net present value (DNPV) proposed by Espinoza (2014) and
Espinoza and Morris (2013), is an alternative to the traditional net present value (NPV)
method. While NPV aggregates the project’s risk with the time value of money, DNPV
decomposes the project’s value into a time-value component and a risk-protection
component. The time-value component corrects the undervaluation of long-term
investments commonly found for NPV, whereas the risk-protection component enables
investors to assess risks and the effectiveness of risk management measures (Espinoza,
2014). The application of DNPV in project valuation is simple. While DNPV discounts
the expected free cash flows by the observed risk-free rate, the NPV uses the unobserved,
risk-adjusted discount rate. It is difficult to estimate the risk premium, and investors do
not agree with the estimate. Owing to the decomposition, the DNPV value tends to be
more accurate than the NPV value (Dou, Liu, Xiao, & Pan, 2020; Lépez-Marin, Galvez,
del Amor, & Brotons, 2021). This method is consistent with prospect theory (Tversky &
Kahneman, 1991). Investors are loss-averse in theory, whereas DNPV transparently
captures average investors’ loss aversion attitudes (Espinoza, Rojo, Cifuentes, & Morris,
2020a).

DNPV has been applied in the valuation of long-term, complex investment
projects such as solar energy project (Espinoza & Rojo, 2015), wind energy project (Piel,
Humpert, & Breitner, 2018), and cargo ship projects (Schrader, Piel, & Breitner, 2018).
Martinez-Ruiz, Manotas-Duque, and Ramirez-Malule (2021) used DNPV to value a
photovoltaic solar energy project in Iran. The researchers found that the DNPV value was
2.3 times the NPV value. This finding is consistent with the observation of Buehler,
Freeman, and Hulme (2008) of projects with unfamiliar risks. The risks perceived by
investors are high, resulting in an inflated risk-adjusted discount rate and a low NPV
value.

In a valuation of waste-to-energy projects in Iran, Shimbar and Ebrahimi (2017a)
were aware of political risk and the fact that this project may be seized by the
government. Owing to its nature, risk was modeled as a discrete variable, rather than
continuous risks generally found in DNPV valuation. The researchers combined discrete
and continuous risks for the valuation of the risk-protection component by incorporating a
binomial tree in the analysis. This hybrid approach was later applied by Espinoza et al.
(2020a; 2020b) to account for traffic volume risks in a toll-road project and climate-
related risks in a power-plant project, respectively.

The DNPV’s risk-protection component cannot account for all the influential risks
of the project. Shimbar and Ebrahimi (2017b) and Nguyen, Almarri, and Boussabaine
(2020) proposed alternative coefficients to adjust risk-protection premiums for absorbing
the effects of omitted risks. Almansa and Martinez-Paz (2011) argued that the discount
rate for environmental discounting should not be constant but should decrease randomly
over time. Lopez-Marin et al. (2021) applied the random-discount-rate approach to the
DNPV valuation of pepper plantations in Spain to enhance the valuation accuracy.

Despite its increasing popularity and improved accuracy, DNPV misvalues
projects. The risk-protection component is a synthetic insurance for protecting the
downside risks of future revenue and free cash flows, as well as upside risks of future
expenditures and costs. Effectively, synthetic insurance is put and call options against
downside and upside risks, respectively. Although downside and upside risks are
eliminated, the future protected value is still a random variable whose distribution is
truncated at the protection threshold level. An insurance-protected project is not riskless.
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This study shows that DNPV can overvalue or undervalue a project. To resolve
this problem, synthetic forward contracts are substituted by synthetic insurance contracts
for risk protection. The forward contract-based DNPV (FDNPV) provides the correct
project value. This study uses a case study on a gold-mining project to demonstrate the
application of the FDNPV method and compare its valuation results with those of
traditional NPV, risk-neutral, and DNPV methods.

2. Decoupled Net Present Value

2.1 The Method

DNPV uses synthetic insurance contracts to protect against the risks of adverse
movements of revenue, free cash flows, expenditures, or costs. This study limits its
interest in the project’s free cash flows. Let 7. and B, be the free cash flow and
insurance premium, respectively, on day t=t>0. Today’s value V,, of the project is the
DNPV in Equation (1) (Espinoza, 2014; Espinoza & Morris, 2013).

— — BE) _ Eo(Po)
Vo = DNPV = (14T @+’ 1)

where E,(%;) is investors’ expectation of random cash flow X;. The discount
rate y is the observed risk-free rate. For the insurance-protection threshold ¥, for 17,
P. = Max{0, V. — I/.}. The cash flow P, is effectively a payout of a put option, whose
underlying and exercise prices are V. and 7, respectively. The option expires on day
t = 1. The protected free cash flow is Max{VZ, .}, meaning that it will never fall below

V.. Espinoza (2014) and Espinoza and Morris (2013) considered Max{V,,V.} as risk-
free free cash flows.

22 Misvaluation of Decoupled Net Present Value

This study proves the misvaluation of DNPV using put-call parity (Stoll, 1969).
Consider call and put options on free cash flow, V.. The options set the exercise price
for 7. and expiration for day ¢ = 7. With respect to put-call parity on day t = 0

—_ VT
T (4T

|4 + Cy — Py, (2)

where C, and P, are the current prices of the call and put options, respectively.
Next, the study fixes ¥, = E,(¥,). Equation (2) becomes

_ Ey(7) _
Vo = iy + Cy — P,. (3)
Thus,
_ B Ey(P) Eo(Py) _ Eo(P)
0= s T s+ Gt ( et Py) = DNPV + Co + (—(HW Po). (4)
The put price P, equals %, where 7, is the risk-adjusted discount rate for
P

the put option. As 1 is lower than y (Coval & Shumway, 2001), (%I;T))T— PO) IS
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negative. The term C, + (fl"f;’))r - Po) > (<) 0.00, so that V, > (<) DNPV. Therefore

this study concludes that DNPV misvalues the project.

It is important to note that if the exercise price is V, = Vo(1 + y)%, Co — Py =
0.00 (Hull, 2018). For E,(¥;,) < V,(1 + y)7, the DNPV necessarily undervalues the
project. This condition is possible. For example, in the valuation of a gold mine project,
investors uniformly expect gold prices to remain unchanged over time (Samis & Davis, 2014).

2.3 Forward Contract-Based Decoupled Net Present Value

2.3.1 The Design
Consider a portfolio H, consisting of a long position on the project’s free cash
flow and the short position of a synthetic forward contract. The forward contract sets
the forward price for ¥, and expires on day ¢t = 7. The current value of the portfolio is:

HO = VO - Fo, (5)

where F, denotes the current value of forward contract. On day t = t, when the
project pays free cash flow, the value of the portfolio is

HT:IZL'_F:E' (6)

As the forward contract pays F, =V, — 1, on day t =, the portfolio is
perfectly protected.

H =V - (i - %) =T Y

The protected free cash flow ¥, is constant, known today to investors, and thus,
. V‘r
riskless. From Equation (7), H, = T

The study fixes ¥, = Eo( 7). From Equations (5) and (7), it follows that:

Eo (V)

Vo = (1+y)°

+ F, = FDNPV. (8)

In Equation (8), the use of a synthetic forward contract in FDNPV decomposes
the project value into the time-value and risk-protection components, as in DNPV. The

time-value component is the same for 0( ’) . The quantity +F, = +% is the

risk-protection component that paraIIeIs the quantlty "(PT) — of DNPV. The quantity r

is the risk-adjusted discount rate for future contracts. Equatlon (8) ensures the correct
FDNPV value.

2.3.1 Estimation of the Value of Synthetic Forward Contract
In FDNPV, the expected payout Ey(F;) is discounted by the risk-adjusted rate
rr. It is difficult to estimate r; which motivates the discovery of DNPV by Espinoza
(2014) and Espinoza and Morris (2013).
This study recommends a risk-neutral method to estimate the F,. This method
has been applied in project valuation, for example, for research and development
investment (Biancardi & Villani, 2017), natural resource investment (Haque, Topal, &



Thailand and The World Economy | Vol. 39, No.3, September - December 2021 |5
Lilford, 2014), renewable energy projects (Abadie & Chamorro, 2014), road and
highway projects (Galera & Solifio, 2010), high-speed rail projects (Bowe & Lee,
2004), and real estate projects (Li, Chen, Hui, Xiao, Cui, & Li, 2014). Once risk-neutral
processes for the project’s risk factors are identified and their parameters are estimated,
Monte Carlo analysis can be conducted to obtain F,. Monte Carlo analysis of risk
factors is also one of the techniques used to estimate DNPV insurance premiums
(Espinoza & Morris, 2013).

3. Case Study: The KuisebSun Gold Project

This research uses the KuisebSun Gold project as a case study to demonstrate
the application of the FDNPV method. The resulting values are compared with those
from competing methods. The data on the project were from Samis and Devis (2014).

3.1 Background

The Kuisebsun-gold project is a development-stage mine in Namibia. The run-
of-mine ore and recovery gold were estimated for 6.6 million tons and 545,000 troy
ounces, respectively. Conventional open pits were chosen for mining, with an average
rate of 946,000 tons per year. Construction began in 2007. It took 1 year to complete.
The estimated operating period was 7 years, from 2008 to 2014.

3.2 Analysis of Free Cash Flows

Table 1 presents an analysis of the project’s free cash flows. The project was
jointly owned by the government, creditors, and shareholders; thus, corporate income
taxes, royalty fees, interest charges, and principal repayments were not included in the
analysis. The free cash flows in row (12) are investors’ expectations.

3.3 Risk Analysis and Discounting

The only risk factor of the project is the random gold price (S,). In 2007, the
price was 652.00 dollars per troy ounce. The analysis is performed in the real monetary
terms as in Samis and Davis (2014). It is assumed that the price follows the geometric
Brownian motion in Equation (9).

dS = uSdt + o5dz. 9)

The parameters i and o are the drift term and price volatility, respectively, and
dz is the Wiener process. Volatility is 20.00% per year. Investors assumed a constant
gold price over the life of the project, u = 2.00%. The risk-free interest rate is 2.60%.
The investors demanded a 5.00% risk premium to compensate for the project’s risk, so
that the risk-adjusted discount rate was 7.60%.
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Table 1: Analysis of Free Cash Flows

Item 2007 2008 2009 2010 2011 2012 2013 2014

(1) Forecast Gold
Price?

(2) Recovered Metal® 0.00 81.79 110.18 93.85 90.57 80.41 60.10 27.81

652.00 652.00 652.00 652.00 652.00 652.00 652.00 652.00

b
(3) Gold Revenue 000 5333 71.84 6119 5905 5243 3918 1813

=) x (2

(4) Mining Costs® 000 1384 1753 1970 2005 1374 092  0.50
(5) Milling Costs® 000 821 810 607 810 808 810 519
(6) General and

Administrative 000 324 322 322 320 302 304 249
Expenses®

(7) Smelter Mineral 000 027 036 031 030 026 020 009
Deduction

(8) Mineral Refining 000 038 051 043 042 037 028 013
(9) Capital

Expenditure® 47.85 1.94 1.04 0.86 0.83 0.66 0.58 0.15

(10) Working Capital® 2.080 0.00 0.00 0.00 0.00 0.00 0.00 -2.080

(11) Total Cash

Outflow® 49.93 27.88 30.76 30.59 32.9 26.13 13.12 6.47
=4 +...+(10)
(12) Free Cash Flow®

4993 2545 4109 30.60 2616 2630 26.07 1167
=(3)-1D

Note: 2 = dollars per troy ounce, ° = thousand troy ounces, and ¢ = million dollars.
Source: Samis and Devis (2014).

3.4 Valuation Methods

3.4.1 Competing Methods

The study computes the value of the project using five methods: traditional
NPV, Monte Carlo simulation NPV, risk-neutral NPV, DNPV, and FDNPV. The
traditional NPV method provides a baseline value for a project. The Monte Carlo
simulation method yields the same value as the traditional NPV method. As the risk-
neutral NPV, DNPV, and FDNPV are analyzed by Monte Carlo simulation, the Monte
Carlo simulation NPV method is conducted first to ensure that the programs work
properly.

The value given by the risk-neutral approach is the most important. This is the
theoretically correct value of the project (Harrison & Kreps, 1979). This study proposes
that FDNPV improves upon DNPV. FDNPV provides the correct value, whereas
DNPV misvalues the project. If this is the case, then the FDNPV value must equal the
risk-neutral value. The DNPV value is necessarily different from the risk-neutral value.

3.4.2 Value Calculation
The traditional NPV method discounts the free cash flows in row (12) of Table
1 by a 7.60% risk-adjusted discount rate. Monte Carlo simulation to obtain the NPV
value assumes the process—dS = 0.02S5dt + 0.20Sdz, for the gold price and discounts
the resulting average free cash flows by the 7.60% discount rate. The discount rate is set
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at 2.60% for the average free cash flows in the risk-neutral method; it modifies the
gold-price process to dS = 0.026Sdt + 0.205dz.

For the DNPV method, the expected free cash flows (EO (l7,)) are the values in
row (12) of Table 1. The study fixes the protection levels (V) of DNPV’s synthetic

insurance contracts at the same levels (EO(VT)). The risk-free discount rate is 2.60%.
The expected free cash flows (EO(VT)) for FDNPV are the same for DNPV. The

forward prices of synthetic forward contracts are the expected free cash flows (Eo (IZ))

Forward contracts are valued using the risk-neutral valuation method.

For all the methods that use Monte Carlo analysis, the simulation is iterated
100,000 times. Readers can obtain the Excel files containing detailed analyses from the
corresponding authors upon request.

3.5 Valuation Results

Table 2 reports the project values from the five competing methods. The
traditional NPV and Monte-Carlo simulation NPV methods yield project values of
93.98 and 93.71 million dollars, respectively. The two values are very close, suggesting
the simulation program works properly. The NPV value of 93.98 dollars is the value in
Samis and Devis (2014).

Table 2: Project Values from Competing Methods

. Project Value
Valuation Method (Million Dollars)

Traditional Net Present Value 93.98
Monte-Carlo Simulation Net Present Value 93.71
Risk-Neutral Net Present Value 127.77
Decoupled Net Present Value 74.45

Forward Contract-Based Decoupled Net Present Value 127.09

Source: Authors’ calculations.

The risk-neutral value is 127.77 million dollars, which is much higher than the
traditional NPV value. This difference can be explained in part by the fact that
investors’ expected gold prices were lower than the prices expected by risk-neutral
investors. Moreover, the 7.60% risk-adjusted discount rate might have been inflated.
Investors did not know the project very well. Their perceived risk was high (Buehler et
al., 2008).

The DNPV value is 74.45 million dollars. It is 53.32 million dollars lower than
the theoretically correct value. In this case, DNPV undervalues the project.
Undervaluation can be explained in two ways. First, the expected free cash flow was
incorrect. The project is risky. The expected free cash flows should be higher than their
risk-neutral counterparts to compensate for risk. Second, DNPV misvalues the project

by the size of C, — Py + %. In this case study, ¥, = Eo(¥;,) < Vo(1 + y)7, so that
Co — Py > 0.00 (Hull, 2018). The misvaluation portion Cy — Py + %ff))r IS positive and

large.
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The FDNPV method gives a project value of 127.09 million dollars. The
difference from the theoretically correct value is 0.68 million dollars. The Monte Carlo
simulation yielded approximate results. The small difference is attributable to
simulation errors. The FDNPV value was the correct value for the project.

Table 3 decomposes the project values, based on the DNPV and FDNPV
methods, into protected-cash-flow and risk-protection components from years 2007 to
2014. The protected-cash-flow components are equal for the two methods. They are the
expected free cash flows, discounted by the risk-free rate. The insurance values for the
DNPV method are negative, whereas the forward contract values for the FDNPV are
positive. The insurance values are the prices paid by investors to obtain the protection
for project value. It is important to note that the protected cash flows are under-valued.
They are estimated from the zero expected gold return. In the risk neutral world,
however, the correct expected return is 0.60%. The positive forward contract values add
to the protected cash flows for the FDNPV to deliver the correct project value.

Table 3 : Decomposition of Project Values, Based on the Decoupled Net Present Value
and Forward Contract-Based Decoupled Net Present Value Methods

Decoupled Net Present Value Forward Contract-Based Decoupled Net
(Million Dollars) Present Value (Million Dollars)

Year -

Protected Insurance  Project Value Protected Forward Project

Cash Flow Cash Flow Contract Value
2007 -49.93 0.00 -49.93 -49.93 0.00 -49.93
2008 24.80 -4.12 20.67 24.80 0.32 25.11
2009 39.00 -71.76 31.25 39.00 0.74 39.75
2010 28.30 -7.88 20.42 28.30 0.93 29.24
2011 23.57 -8.57 15.00 23.57 1.17 24.74
2012 23.09 -8.28 14.81 23.09 1.28 24.38
2013 22.31 -6.60 15.71 22.31 1.15 23.46
2014 9.73 -3.21 6.52 9.73 0.62 10.35
Total 120.88 -46.43 74.45 120.88 6.21 127.09
Source: Authors’ calculations.

4, Discussion

4.1 Risk-Neutral Method versus FDNPV Method

The study concludes that the FDNPV method gives the correct value of the
project because the value is equal to that of the risk-neutral method. Moreover, the
value of synthetic forward contracts is risk-neutral. Why is FDNPV needed; while
investors can use the risk-neutral method to value the project in the first place?

On the one hand, the risk-neutral method cannot differentiate the time from risk
values. On the other hand, FDNPV, such as DNPV, decomposes the project value into
the time-value and risk-protection components. Investors can use the risk-protection
component as a risk metric to understand the risks being taken in the project and to
evaluate the performance of risk management and mitigation (Espinoza & Morris, 2013).

4.2 Limitations of Risk-Neutral Valuation for Synthetic Forward Contracts

The study recommends the application of a risk-neutral valuation for synthetic
forward contracts. Risk-neutral valuations have the following limitations (Garvin &
Cheah, 2004). First, the model is complex. The analysis can concentrate only on a few
risk factors. Second, simple and popular processes, such as the geometric Brownian
motion, cannot sufficiently describe risk factors. Third, risk factors may not be traded in
the market.



Thailand and The World Economy | Vol. 39, No.3, September - December 2021 |9

The first limitation is resolved by Monte Carlo analysis, convenient software,
and computing power. For the second limitation, realistic risk-neutral processes and
parameter estimation techniques have been proposed in the literature (Schwartz, 2013).
Even if data are unavailable and parameters cannot be estimated, close substitutes may
be obtained from various sources (Li et al., 2014). Finally, for non-trading risk factors,
the approach of Cheah and Liu (2006) can be applied. Trading of risk factors was not
necessary.

4.3 Incorrect Expectations of Free Cash Flows

As free cash flows are unobserved, investors must expect them. Expectations
can be incorrect and the project is misvalued. The low NPV and DNPV values in the
case study were potentially driven by incorrect expectations. However, for FDNPV, the
value is always correct, despite incorrect expectations.

To demonstrate this ability, let the correct expected free cash flow be V"
Investors® expectations Eo(¥;,) are incorrect. The forward price is set for Eq(7;) # V7,
such that the FDNPV is

FDNPV = (El‘fz)) ~ Fo (Eo(%)), (10)

where F, (EO (VT)) is the current value of the forward contract, whose forward
price is Eo(7;,). Note that F, (EO(VT)) = C, (EO(VT)) — P, (EO(VT)) (Hull, 2018).
Co (E0 (VT)) and P, (EO (V,)) are the current prices of call and put options, respectively.
The two options have the same exercise price at Eo(7;). Substituting C, (EO(VT)) —
P, (EO(VT)) for F, (EO(VT)) in Equation (10) yields

(~1: (7 (7
FDNPV = % = Co (Eo(7.)) + Po (Eo(7))- (11)

The put-call parity imposes that % —C, (EO(VT)) + P, (EO(VT)) =V,

5. Conclusion

The net present value method incorporates risk and time factors into a single
risk-adjusted discount rate. It is likely that for long-term investments, the resulting
value is incorrect. The DNPV decomposes the project value into time-value and risk-
protection components; the observed risk-free rate is used for discounting. DNPV is
believed to improve the accuracy of the valuation. Moreover, the DNPV’s risk
component enables investors to understand the risks associated with the project and to
evaluate the performance of the project’s risk management and mitigation.

This study appreciates the DNPV of its improved accuracy and risk indication.
However, it notices the misvaluation of DNPV and shows such a condition by the put-
call parity. Misvaluation is corrected by replacing the DNPV’s synthetic insurance
contracts with synthetic forward contracts. The FDNPV method was applied to evaluate
the KuisebSun Gold project in Namibia. The FDNPV value equals the risk-neutral
value, whereas the traditional NPV and DNPV values are lower than the risk-neutral
value. As the risk-neutral value is the theoretically correct value of the project, the
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results for the case study illustrate the exact valuation of FDNPV and the misvaluation
of DNPV.

It is recommended that the FDNPV method is used together with the traditional
NPV method. The weighted average cost of capital, unadjusted for risk, is the discount
rate (Espinoza & Rojo, 2015). If the project is chosen, its positive NPV ensures
sufficient compensation for creditors and shareholders.

Acknowledgments

The authors thank the Faculty of Commerce and Accountancy, Thammasat
University for financial support, Michael Samis for the data on the KuisebSun Gold
project, and David Espinoza, Torpong Glaewketgarn, Parichat Rodjanakansakul, and
two anonymous referees for their valuable comments and suggestions.



Thailand and The World Economy | Vol. 39, No.3, September - December 2021 | 11

References

Abadie, L. M., & Chamorro, J. M. (2014). Valuation of wind energy projects: A real
options approach. Energies, 7(5), 3218-3255.

Almansa, C., & Martinez-Paz, J. M. (2011). What weight should be assigned to future
environmental impacts? A probabilistic cost benefit analysis using recent
advances on discounting. Science of the Total Environment, 409(7), 1305-1314.

Biancardi, M., & Villani, G. (2017). Robust Monte Carlo method for R&D real options
valuation. Computational Economics, 49(3), 481-498.

Bowe, M., & Lee, D. L. (2004). Project evaluation in the presence of multiple
embedded real options: Evidence from the Taiwan high-speed rail project.
Journal of Asian Economics, 15(1), 71-98.

Buehler, R., Freeman, A., & Hulme, R. (2008). Owning the right risk. Harvard
Business Review, 86(9), 102—110.

Cheah, C. Y. J,, & Liu, J. (2006). Valuing governmental support in infrastructure
projects as real options using Monte Carlo simulation. Construction
Management and Economics, 24(5), 545-554.

Coval, J. D., & Shumway, T. (2001). Expected option returns. Journal of Finance,
56(3), 983-1009.

Dou, S., Liu, J., Xiao, J., & Pan, W. (2020). Economic feasibility valuing of deep
mineral resources based on risk analysis: Songtao manganese ore-China case
study. Resources Policy, 66, 101612.

Espinoza, R. D. (2014). Separating project risk from the time value of money: A step
toward integration of risk management and valuation of infrastructure
investments. International Journal of Project Management, 32(6), 1056—1072.

Espinoza, D., & Morris, J. W. F. (2013). Decoupled NPV: A simple, improved method
to value infrastructure investments. Construction Management and Economics.
31(5), 471-496.

Espinoza, R. D., & Rojo, J. (2015). Using DNPV for valuing investments in the energy
sector: A solar power project case study. Renewable Energy, 74, 44-49.

Espinoza, D., Morris, J., Baroud, H., Bisogno, M., Cifuentes, A., Gentzoglanis, A.,...
Vahedifard, F. (2020b). The role of traditional discounted cash flows in the
tragedy of the horizon: Another inconvenient truth. Mitigation and Adaptation
Strategies for Global Change, 25(4), 643-660.

Espinoza, D., Rojo, J., Cifuentes, A., & Morris, J. (2020a). DNPV: A valuation
methodology for infrastructure and capital investments consistent with prospect
theory. Construction Management and Economics, 38(3), 259-274.

Galera, A. L. L., & Solifio, A. S. (2010). A real options approach for the valuation of
highway concessions. Transportation Science, 44(3), 416-427.

Garvin, M. J.,, & Cheah, C. Y. J. (2004). Valuation techniques for infrastructure
investment decisions. Construction Management and Economics, 22(4), 373-383.

Haque, M. A., Topal, E., & Lilford, E. (2014). A numerical study for a mining project
using real options valuation under commodity price uncertainty. Resources
Policy, 39, 115-123.

Harrison, J. M., & Kreps, D. M. (1979). Martingales and arbitrage in multiperiod
securities markets. Journal of Economic Theory, 20(3), 381-408.


http://www.ncbi.nlm.nih.gov/pubmed/101612

Thailand and The World Economy | Vol. 39, No.3, September - December 2021 | 12

Hull, J. C. (2018). Options, futures, and other derivatives (10th ed.). Delhi: Pearson
India.

Li, D., Chen, H., Hui, E. C., Xiao, C., Cui, Q., & Li, Q. (2014). A real option-based
valuation model for privately-owned public rental housing projects in China.
Habitat International, 43, 125-132.

Lopez-Marin, J., Gélvez, A., del Amor, F. M., & Brotons, J. M. (2021). The financial
valuation risk in pepper production: The use of decoupled net present value.
Mathematics, 9(1), 13.

Martinez-Ruiz, Y., Manotas-Duque, D. F., & Ramirez-Malule, H. (2021). Evaluation of
investment projects in photovoltaic solar energy using the DNPV methodology.
International Journal of Energy Economics and Policy, 11(1), 180-185.

Nguyen, N., Almarri, K., & Boussabaine, H. (2020). A risk-adjusted decoupled-net-
present-value model to determine the optimal concession period of BOT
projects. Built Environment Project and Asset Management, 11(1), 4-21.

Piel, J. H., Humpert, F. J., & Breitner, M. H. (2018). Applying a novel investment
evaluation method with Focus on risk—A wind energy case study. In Fink, A.,
Fugenschuh, A., & Geiger, M. (Eds.), Operations research proceedings 2016.
(pp. 193-199). Cham, Switzerland: Springer.

Samis, M., & Davis, G. A. (2014). Using Monte Carlo simulation with DCF and real
options risk pricing techniques to analyse a mine financing proposal.
International Journal of Financial Engineering and Risk Management, 1(3),
264-281.

Schrader, P., Piel, J. H., & Breitner, M. H. (2018). Decoupled net present value—An
alternative to the long-term asset value in the evaluation of ship investments? In
Kliewer, N., Ehmke, J.,, & Borndorfer, R. (Eds). Operations research
proceedings 2017. (pp. 271-276). Cham, Switzerland: Springer.

Schwartz, E. (2013). The real options approach to valuation: Challenges and
opportunities. Latin American Journal of Economics, 50(2), 163-177.

Shimbar, A., & Ebrahimi, S. B. (2017a). The application of DNPV to unlock foreign
direct investment in waste-to-energy in developing countries. Energy, 132, 186-193.

Shimbar, A., & Ebrahimi, S. B. (2017b). Modified-decoupled net present value: The
intersection of valuation and time scaling of risk in energy sector.
Environmental Energy and Economic Research, 1(4), 347-362.

Stoll, H. R. (1969). The relationship between put and call option prices. Journal of
Finance, 24 (5), 801-824.

Tversky, A., & Kahneman, D. (1991). Loss aversion in riskless choice: A reference-
dependent model. Quarterly Journal of Economics, 106(4), 1039-1061.



