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1. Introduction
With the recent developments and accelerated economic growth, the Philippines is facing
problems on high demand for energy and much dependence on imported fossil fuels in the
last decades. To address this problem, the country is developing more sustainable sources
of energy, particularly renewable sources, that are rapidly growing in a number of projects
and spreading across different regions in the country.1 At present, renewable energy (RE)
accounts to 25% of the total energy generation mix and is expected to increase the capacity
in the next years by investing in localized RE sources. 2
Another promising source to supplement the country’s energy needs is a waste-to-energy
(WtE) facility. Currently, the country is experiencing waste management problem as it
produces an average of 41,000 tons of garbage daily with more than 9670 tons per day
coming from Metro Manila alone.3 In 2001, the government enacted the RA 9003 or the
“Ecological Solid Waste Management Act of the Philippines” to encourage the reduction of
waste at source, recovery, recycling and reuse of wastes, creating mandatory targets
through the local government units.4 However, with the very limited number of materials
recovery facilities equipped with technologies to reduce wastes like recycling and
composting, most of the garbage are either disposed in dump sites or openly burned which
further worsen the quality of heavy polluted air in the cities. Despite its large potential, there
has never been any investment in WtE project due to lack of financing and management in
the city level as well as the conflict with the prevailing “Clean Air Act” which prohibits
incineration of municipal solid wastes. The current study aims to offer an alternative solution
to address the country’s problems on waste disposal and energy sustainability.
Previous literatures analyze investments in WtE technologies using traditional methods such
as life cycle analysis; net present value (NPV); internal rate of return; payback period; and
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returns on investment. 5 6 7 8 9 Various studies extend these methods by combining
economic analyses with social-technical and environmental aspects such as life cycle
analysis, multicriteria analysis, and multistep approach. 10 11 12 13 However, these
approaches do not cover some important characteristics that are crucial in making
investment decisions particularly in energy investments. These include irreversibility of
investment project, investment risks, uncertainty in the future cash flows, and managerial
flexibility in making investment decisions. The real options approach (ROA) overcomes this
limitations as it combines risks and uncertainties with flexibility in the timing of investment
as an additional value to the project.14 To date, there are very limited literatures applying
ROA for WtE investments including anaerobic digestion (AD) of the organic fraction
municipal solid waste (MSW), 15 investment valuation of Chinese Certified Emission
Reduction for waste-to-power project; 16 and MSW energy recovery from incineration,
gasification, landfill biogas, and AD facilities.17 Our paper contributes to these literatures by
applying ROA under uncertainty to analyze investment decisions for WtE technologies.
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Using the Philippines as a case study, our analysis focuses on developing countries that are
challenged with problems on waste management and at the same time energy sustainability.
Applying ROA, we aim to evaluate option values and compare the economic attractiveness
of either investing in WtE technologies such as pyrolysis, gasification, and incineration over
continuing the landfill. We also aim to identify the optimal timing of investment and analyze
the benefit of either postponing investments or investing immediately on these projects. We
further aim to identify the electricity price and tipping fee threshold to make investments in
WtE projects more viable option than landfill.

2. Methodology
2.1. WtE options
Waste to energy refers to the recovery of the energy from waste materials into usable heat,
electricity, or fuel. 18 Different WtE approaches can be categorized into landfill, thermal
treatment, and biological treatment. Landfill gas recovery system (LFGRS) can be
considered as a WtE technology when it generates biogas (CH4) used for energy generation.
This suits in municipals that yield waste which is high in biodegradable content and moisture.
Thermal treatment, the most commonly used large-scale WtE technology, employs the
traditional incineration and more advanced pyrolysis and gasification.19 While pyrolysis and
gasification involve manual sorting and indirect combustion of MSW to mainly produce
syngas, incineration involves a direct combustion of unprepared MSW that yields enough
energy to power a steam turbine. Biological treatment on the other hand involves aerobic
composting and anaerobic digestions which produces fertilizer or biogas.20 Among these
treatment technologies, our study focus on thermal treatments in line with the government’s
WtE projects under evaluation.
2.2. Real options model
We consider an investor who is given a certain decision-making period 𝑇𝐿 to either invest in
WtE project 𝑘 or continue dumping all MSW in the landfill 𝐿. Currently, the available WtE
options in the country include 𝑘 = 1 incineration; 𝑘 = 2 gasification; and 𝑘 = 3 pyrolysis.
The net present value 𝑁𝑃𝑉k of each investment is calculated using Equation 1
𝑁𝑃𝑉𝑘 =

∑𝐵𝑘 −∑𝐶𝑘
(1+𝛿)𝑡

− 𝐼𝑘

(1)

where 𝐼k is the investment cost for technology 𝑘 at 𝛿 discount rate; 𝐵1 is the revenue for
incineration; 𝐵2 for gasification; 𝐵3 for pyrolysis; 𝐶1 is the costs for incineration; 𝐶2 for
gasification; 𝐶3 for pyrolysis. The revenues include the tipping fee and the amount of
electricity generated from each technology times the generate rate. The costs include all
operations, maintenance, insurance, and employees salary.
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Following previous literatures,21 22 23 we assume that the price of electricity 𝑃𝑒 is stochastic
and follow Geometric Brownian motion (GBM) with a drift as shown in Equation 2
𝑑𝑃𝑒 = 𝜇𝑃𝑒 𝑑𝑡 + 𝜎𝑃𝑒 𝑑𝑧

(2)

where 𝜇 is the growth rate of electricity price, 𝜎 is the volatility, and 𝑑𝑧 is a Wiener process
equal to 𝜀√𝑑𝑡 such that 𝜀~𝑁(0,1) is a normal distribution with zero mean and one standard
deviation.
We estimate the path of electricity prices using Monte Carlo simulations as shown in
Equation 3. Let 0 ≤ 𝑡1 < 𝑡2 <. . . < 𝑡𝑛 be the points in time and 𝛥𝑡 = 𝑡1 − 𝑡𝑖−1 , we generate a
standard normally distributed random numbers 𝜀1 , 𝜀2 , … , 𝜀𝑛 and estimate 𝑃𝑒,𝑡 with the current
electricity price as 𝑃𝑒,0 .
1

𝑃𝑒,𝑡 = 𝑃𝑒,𝑡−1 𝑒𝑥𝑝 [(𝜇 − 2 𝜎 2 ) 𝛥𝑡 + 𝜎√𝛥𝑡𝜀𝑡 ]

(3)

Applying stochastic prices of electricity, we estimate the expected net present value 𝔼[𝑁𝑃𝑉𝑘 ]
of each WtE options by calculating the 𝑁𝑃𝑉𝑘,𝑗 in a large number of 𝐽 times and taking its
average from initial prices of electricity as shown in Equation 4.
1

𝐽

𝔼[𝑁𝑃𝑉𝑘,𝑗 |𝑃𝑒,0 ] =≈ 𝐽 ∑ 𝑁𝑃𝑉𝑘,𝑗 ≈ 𝔼[𝑁𝑃𝑉𝑘 |𝑃𝑒,0 ]

(4)

1

Using dynamic optimization, the investors problem is to find the optimal timing of
investment 𝜏𝑘 by maximizing the value of 𝑘 investment for each decision-making period as
shown in Equation 5.
𝜏

𝑇

𝑚𝑎𝑥 {∑0𝑘 𝜌𝑡 𝜋𝐿,𝑡 + (∑𝜏 𝐿 𝜌𝑡 𝜋𝐿,𝑡 (𝕀𝑘 − 1), 𝔼[𝑁𝑃𝑉𝑘 ] (𝕀𝑘 ))}
𝑘

(5)

1

where 𝜌𝑡 = (1+𝛿)𝑡; 𝕀𝑘 is an indicator equal to 1 if investment is made, otherwise equal to
zero; and 𝜋𝐿,𝑡 is the annual cash flow for the landfill equal to the revenue from tipping fee
minus the operations and managements costs.
The problem is solved by calculating the option value 𝑉𝑘,𝑡 at each decision-making period
by either investing in 𝑘 or continue dumping all waste in the landfill as shown in Equation 6.
𝑉𝑘,𝑡 = 𝑚𝑎𝑥{ 𝜋𝐿,𝑡 , 𝔼[𝑁𝑃𝑉𝑘 ]|𝑃𝑒,𝑡 }

(6)

The optimal timing of investment for each type of project is characterized by the maximum
price of electricity where the option value of each project at initial period is equal to the option
value at the terminal decision-making period as shown in Equation 7.
∗

𝑃𝑒𝑘 = 𝑚𝑎𝑥{𝑃𝑒,0 |𝑉𝑘,0 (𝑃𝑒,0 ) = 𝑉𝑘,𝑇𝑘 (𝑃𝑒,0 )}

(7)

Further, we estimate the value of waiting to invest in each WtE technology 𝑉𝑤𝑎𝑖𝑡,𝑘 as the
difference between the option value at terminal period 𝑉𝑘,𝑇𝑘 minus the option value at the
Hou, Yunhe, Chen-Ching Liu, and Harold Salazar. “Electricity Prices as a Stochastic Process.”
Advances in Electric Power and Energy Systems (June 19, 2017): 89–152.
22 Zambujal-Oliveira, João. "Investments in combined cycle natural gas-fired systems: A real
options analysis." International Journal of Electrical Power & Energy Systems 49 (2013): 1-7.
23 Maeda, Mansaku, and David Watts. "The unnoticed impact of long-term cost information on wind
farms’ economic value in the USA.–A real option analysis." Applied Energy 241 (2019): 540-547.
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initial decision-making period 𝑉𝑘,0 at the current price of electricity 𝑃𝑒𝑐𝑢𝑟 as described in
Equation 8.
𝑉𝑤𝑎𝑖𝑡,𝑘 = 𝑉𝑘,𝑇𝑘 (𝑃𝑒𝑐𝑢𝑟 ) − 𝑉𝑘,0 (𝑃𝑒𝑐𝑢𝑟 )

(8)

2.3. Parameter estimation
To estimate the parameters for the optimization problem, we gather the data from
Philippine’s Department of Energy (DOE), National Solid Waste Management Commission
(NSWMC) of the Department of Environment and Natural Resources (DENR), and Clean
Technology Solutions. For standard comparison of the WtE technologies, we set the plant
capacity to 100 tons/day and assume that the plant generates electricity a year after the
investment period. NPV calculations are done in a 20 year period of electricity generation
for all technologies at 10% discount rate. We use a 10-year time series data of electricity
prices to approximate the future stochastic prices of electricity. Using ADF unit root test, we
confirm that electricity prices follow GBM with 𝜇 = 0.028651 and 𝜎 = 0.12192. We set the
initial prices of electricity from PHP1/kWh to PHP20/kWh at PHP0.25/kWh step. For each
initial prices, we calculate the expected NPV of each type of WtE technology. On the
dynamic optimization, we maximize the value of either investing in WtE or continue landfill
from initial to terminal decision-making period 𝑇𝐿 = 25years. For sensitivity analysis, we
compare the option values for each WtE at various levels of tipping fee from the current
US$15/ton to US$20/ton, US$10/ton, US$5/ton, and zero tipping fee.

3. Results and Discussion
3.1. Baseline scenario
The result of dynamic optimization is shown in Figure 1. Each point on the curve represents
the option values which are described in Equation 6 at every initial prices of electricity. The
optimal timing of investment is describe as the maximum price of electricity where bold and
∗
fine curves overlap. The results show that optimal timing of investment for pyrolysis is 𝑃𝑒𝑃 =
∗
∗
𝑃𝐻𝑃6.00/𝑘𝑊ℎ
𝑃𝑒𝐺 = 𝑃𝐻𝑃3.25/𝑘𝑊ℎ for gasification, and 𝑃𝑒𝐼 = 𝑃𝐻𝑃1.50/𝑘𝑊ℎ for
incineration. This indicates that among the alternatives, investment in incineration is the best
option, followed by gasification and pyrolysis. This is further supported by higher option
value curves for incineration which indicate higher profitability in this technology. This result
verifies previous studies showing incineration to be more attractive than the competing
alternatives due to its higher power production efficiency, lower investment costs, and lower
emission rates.24 25
In Figure 1, the option value curves at the initial period of investment are higher than the
terminal period of investment for all types of technology. These implies that investing
immediately is a better option than postponing investments in WtE. At the current electricity
Tan, et. al, "Energy, economic and environmental (3E) analysis,” 111.
Tolis, Athanasios, Athanasios Rentizelas, Konstantin Aravossis, and Ilias Tatsiopoulos.
"Electricity and combined heat and power from municipal solid waste; theoretically optimal
investment decision time and emissions trading implications." Waste management & research 28,
no. 11 (2010): 985.
24
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Figure 1. Option value of various WtE investments at
different initial prices of electricity.
Note: P_0 indicates the option value curve for pyrolysis at
initial decision-making period; P_T for terminal period;
G_0 for gasification at initial decision-making period; G_T
for terminal period; I_0 for incineration at initial decisionmaking period; I_T for terminal period. V_wait_I indicates
the value of waiting to invest in incineration; V_wait_G for
gasification; and V_wait_P for pyrolysis. The current price
of electricity 𝑃𝑒𝑐𝑢𝑟 is PHP 5.5508/kWh (May 2018). The
∗
optimal timing of investments are 𝑃𝑒𝐼 for incineration;
∗
∗
𝐺
𝑃
𝑃𝑒 for gasification; and 𝑃𝑒 for pyrolysis.

Figure 2. Optimal prices of electricity for investing in Wte
technologies at different values of tipping fee.
Note: The current tipping fee is $15/ton
(1US$=PHP45.85).

generation price 𝑃𝑒𝑐𝑢𝑟 = 𝑃𝐻𝑃5.5508/𝑘𝑊ℎ, the value of waiting for investment in incineration
is -PHP8541million; -PHP5557million for gasification; and zero for pyrolysis. This indicates
that waiting to invest in incineration and gasification incurs opportunity losses from selling
the electricity generated from these alternatives at the current investment environment. On
the other hand, investment in pyrolysis is only profitable at electricity prices higher than the
∗
optimal timing 𝑃𝑒𝑃 = 𝑃𝐻𝑃6.00/𝑘𝑊ℎ. Further, investments done at electricity prices lower
∗
∗
∗
than the optimal timing of investments 𝑃𝑒𝐺 , 𝑃𝑒𝐼 and 𝑃𝑒𝑃 , may result to negative option values
which implies negative profits. These results highlight the advantage of using ROA over
traditional project valuation methods as it combines uncertainty and risk with flexibility while
considering the volatility in investment as a potential positive factor which gives additional
value to the project.26 27
3.2. Tipping fee scenario
In this scenario, we describe how sensitivity in tipping fee affects investment decisions in
WtE. At present, the average tipping fee in the Philippines is US$ 15/ton of waste collected
from the households. We also identify the critical value of tipping fee that makes WtE
technologies more viable option than landfill. Figure 2 describes the dynamics of optimal
prices of electricity at different values of tipping fee. The result shows the inverse relationship
between the optimal prices of electricity for making WtE investments and the value of tipping
fee. This indicates that WtE becomes more attractive than landfill as the increase in tipping
fee incurs additional revenue for these types investments. The result confirming incineration
to be the most profitable alternative, is robust at various levels of tipping fee. Further, the
26
27
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critical value of tipping fee for pyrolysis is at US$18.5/ton. This implies that in order to make
pyrolysis more attractive option than landfill, the tipping fee must be increased to this critical
value from its current value. On the other hand, we do not estimate the critical value for
incineration and gasification as these alternatives are already viable options than landfill as
explained in the previous subsection.
3.3. Discussion
Developing countries like Philippines have limited experience on WtE plants. However, the
rise on waste quantities in traditional landfill, growing health and environmental problems
and energy demands urge the government to respond and adapt to alternatives that these
technology offers. In this study, we analyze three WtE technologies: incineration,
gasification, and pyrolysis. Incineration, among the other options, yields the highest amount
of electricity with the highest capacity to lessen pile of wastes in landfills through direct
combustion. 28 However, Philippine Clean Air Act of 1999 prohibits burning of garbage
therefore tending this option at disadvantage unless the government amends the law. In
terms of operations and maintenance cost, gasification and pyrolysis are both more
expensive than incineration. With the high investment costs, private investors may play an
important role for this project. However, in most developing countries, private investors are
still reluctant to invest due to the associated financial risks. This can be addressed by
providing guaranteed legal security, transparency and clear vision for a sustainable waste
management service to the citizens.29
In this study, we focus our real options analysis on the financial feasibility of WtE
alternatives. In real project decision making, there are other several factors considered in
order to approve a project that involves environmental and health risks. We recommend to
extend this research by including environmental assessment; health risk analysis; and
economic impacts on income, employment, and local electricity market. ROA may also
incorporate technical and nontechnical uncertainties in government policy, social
acceptance, and waste management laws. Further studies may also consider other WtE
options including thermal depolymerization, plasma gasification, and non-thermal
technologies such as anaerobic digestion, fermentation, and mechanical biological
treatment. Despite the limitations, we believe that this research is a good benchmark for
further analysis to address the country’s energy and waste management issues and to
significantly contribute in its action towards achieving the sustainable development goals.

4. Conclusion
In this study, we highlight ROA to describe the flexibility in making WtE investment decisions
under uncertainties. Our results conclude that WtE technologies are better options than
continue dumping wastes on the landfill. Among the alternatives investigated, incineration
appears to be the most profitable option, followed by gasification and pyrolysis. Considering
the current price of electricity, it is more optimal to wait to invest in pyrolysis. Otherwise, the
tipping should be increased to make pyrolysis a more viable option than continue the landfill.
On the other hand, it is a more optimal decision to invest immediately in either incineration
Tan, et. al, "Energy, economic and environmental (3E) analysis,” 119.
Mutz, Dieter, Dirk Hengevoss, Christoph Hugi, and Thomas Gross. "Waste-to-Energy Options in
Municipal Solid Waste Management A Guide for Decision Makers in Developing and Emerging
Countries." Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH (2017), 9.
28
29

or gasification as waiting to invest incurs opportunity losses from generating electricity from
these technologies. The paper suggests that the government must support WtE program as
it will significantly contribute in solving the problems of the environment, particularly air
quality, waste management, and energy security and sustainability.
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