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Abstract. Geothermal power project should be carefully evaluated,
because not only the project is large-scale and high-risk, but also huge
investments are needed to make the project profitable. The purpose of this
study is to evaluate and analyze the present value of the geothermal power
plant projects in Indonesia using net present value and real options valuation
approach to obtain better project value that indicates profitable investments.
Project value determined based on Net Present Value (NPV). The Monte
Carlo Simulation calculated NPV based on discount rate, production
volume, and operation and maintenance (O&M) cost. The risk of the project
defined with 3 scenarios to obtain NPV and calculate Expected Net Present
Value (ENPV). The result of this study showed Real Options Valuation
obtained the highest project value indicating a higher return of the project
that was previously undervalued using NPV and ENPV. Real Options
Valuation approach improved the project value by incorporating scenario
analysis and strategic option in the valuation process.

1 Introduction
Renewable energy in Indonesia only 6.2% of the total energy mix in 2015 that indicating
Renewable energy in Indonesia reached 6.2% of the total energy mix in 2015 that indicating
Indonesia has a large dependence on fossil energy [1]. Meanwhile, Indonesia has a great
potential for renewable energy such as geothermal. Geothermal power generation is a
promising substitute for the traditional-generating approaches like fossil energy [2].
Geothermal Power Plant that has been installed in Indonesia only 1640 MW about 4.9% of
29,544 MW total potential geothermal in Indonesia [1]. However, geothermal power
generation should be carefully evaluated, because not only the project is large-scale and highrisk, but also huge investments are needed to make the project profitable.

2 Literature Review
Renewable energy power generation is a large-scale and high-risk project [3]. Uncertainty in
a project of renewable energy power generation, have to take into consideration regarding
their economic viability, which is linked to several uncertain variables that affect the
evolution of the cash flows [4]. Valuation enables investors to determine asset value and take
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into consideration unlimited possible scenarios, as well as limiting losses in unfavorable
scenarios. Valuation and redesigning business process are several methods that used in a
project in order to get the best result or profit [5, 6], especially in a high-risk project such as
oil and gas energy [7], and photovoltaic energy [8].
Geothermal is one of renewable energy project with huge potential, especially in
Indonesia [9]. Maintenance management also affects operational activities in power
generation, without proper management of operation and maintenance can lead to high costs
in operating and maintenance activities and affect company performance [10]. Therefore, the
value of the project must be evaluated financially to determine whether the project profitable
or not, the main idea of valuation is to determine the financial value that closely resembles
the true value of an asset or project [11].
Net Present Value or Discounted Cash Flow (DCF) is a traditional and simple valuation
method, where incremental cash inflows and outflows for each period discounted and
projected to present time when investment is made [12]. NPV methods assume that the
investment is an all or nothing strategy and do not account for managerial flexibility that
exists such that management can alter the course of an investment over time when certain
aspects of the project’s uncertainty become known (Mun, 2005). Project value has an
important function as the basis of capital budgeting and is related to resource allocation to
long-term project investments [13].
In the NPV approach, cash inflows and outflows are estimated over the life time of the
project and are subsequently discounted to the present time. Meanwhile in Expected Net
Present Value (ENPV), a number of scenarios are generated. The NPV for each of the
envisaged project outcomes are determined and the ENPV is calculated by taking the sum of
the product of the different NPVs and the probability of their occurrence [6].
The basic option theory in finance is a contract giving the buyer the right, but not the
obligation, to buy or sell an underlying asset as stock or index, at a specific price on or before
a certain date [14]. Real Options Valuation (ROV) refers to application of the option theory
to the assessment of non-financial or "real" investments with learning and flexibility, such as
multi-stage R & D, manufacturing plant expansion [15]. A project that can be terminated
after a technical failure is an example of a real option. Initiation of a project generates the
option, not the obligation, to continue the project [6].
Real Options Valuation not only enables investors to increase an asset value, due to the
consideration of an unlimited number of possible future scenarios, as well as limiting losses
in unfavorable scenarios, but also the most adequate when researches consider uncertainty
scenarios aligned with managerial flexibility and the use of this approach can significantly
change the value of an asset [16]. The implementation of Real Options Valuation were widely
used in high risk project such as product development portfolio [15], oil and gas [7], mining
[12], photovoltaic energy [3, 16], wind energy [17, 18, 19], water energy [20, 21], and
nuclear [22].
Monte Carlo simulation utilized to obtain better actual value estimation of a particular
project [11]. The Monte Carlo Simulation stands out because it enables the generation of a
great variety of scenarios as well as multiple uncertainties [16]. As all those scenarios
produce associated results, each scenario can have a forecast.

3 Methodology
The investment project is a geothermal power generation project in Sumatera with total
capacity is 236 MW. The project divided into 2 units power plant, the Unit-1 power plant
with 92 MW capacity and duration of project 10 years, the Unit-2 power plant with 144 MW
project started after Unit-1 is successfully installed and power generated with duration of
project is 8 years. After Unit-1 power plant started to operate for 8 years, the investors have
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right to defer or abandon the project Unit-2 power plant project if Unit-1 power plant had
indicated not profitable. To determine the volatility of the projects, we must analyze the
uncertainties that affect it. The uncertainties considered in this renewable energy project are
discount rate, electric sales volume, and Operation and Maintenance (O&M) cost.
The project estimated with uniform sales volume derived from estimated electric
produced and uniform Operation and Maintenance (O&M) cost. The electricity price on the
basis of a feed-in tariff under the government's constant benchmarking is 13.8 cents $/KWh.
Simple NPV analysis conducted to calculate project value based on Unit-1 and Unit-2
installed. The Monte Carlo Simulation conducted with 1000 trials to generate multiple project
value using uncertain variables that influenced the project. The uncertain variables are
discount rate, sales volume, and O&M cost.
In ENPV approach, three scenarios were generated in Unit-2 power plant project, which
created based on the worst scenario, normal scenario, and best scenario of the Unit-2 project.
The probability of occurrence for worst, normal, and best scenario is 20%, 50%, and 30%
respectively.
The right to invest, defer, and abandon the Unit-2 power plant project become Real
Options that must be considered in project valuation. The investors have the option to wait
or defer investing until a later date for Unit-2 power plant project. That is, wait until
uncertainty becomes resolved and then decide on the next course of action afterwards.
Investments will be made in the Unit-2 project if conditions indicate a good scenario and
decide to abandon the project if the market condition is akin to normal or worst case scenario.
In this study, Passive Wait and See Strategy were applied where we decide to wait one year
assuming that we will gather more valuable information within time frame, and then decide
to execute the project.

4 Result and Discussion
4.1 The Results of Monte Carlo Simulation for NPV, ENPV and ROV
The simulation results of NPV model for Unit-1 and Unit-2 power plant presented in Fig 1.
Fig 1 showed the mean NPV for Unit-1 and Unit-2 is $92.25 million. The probability that
Unit-1 project will break even or have NPV will be > 0 is 63.3% rather significantly increased
compared to Unit-1 project executed.

Fig 1. NPV simulation result and sensitivity chart for Unit-1 and Unit-2 projects

The NPV sensitivity chart after Monte Carlo Simulation shows that the Unit-1 and Unit2 project is sensitive to the discount rate variation. The simulation results of ENPV model
for Unit-1 and Unit-2 power plant presented in Fig 2. Fig 2 showed the mean NPV for Unit1 and Unit-2 is $93.62 million. The probability that Unit-1 and Unit-2 project will break even
or have NPV will be >0 is 64.6%. In ENPV model, distribution is less wide compared to

3

MATEC Web of Conferences 248, 030 0 4 (2018)
ESTIC 2018

https://doi.org/10.1051/matecconf /201824803004

NPV model. This comparison can be seen in Fig 1 where range of value NPV model is -$187
million to $1609 million, but in Fig 2 of ENPV model the range of value is -$173 million to
$1458 million.
The NPV sensitivity chart after Monte Carlo Simulation shows that the Unit-1 and Unit2 project is sensitive to the discount rate variation. The simulation results of Unit-1 and Unit2 power plant using ROV best scenario presented in Fig 3. Fig 3 showed the mean project
value for Unit-1 and Unit-2 is $130.86 million. The NPV sensitivity chart after Monte Carlo
Simulation of ROV best scenario shows that the Unit-1 and Unit-2 project is sensitive to the
discount rate variation.

Fig 2. ENPV simulation result and sensitivity for Unit-1 and Unit-2 projects

Fig 3. ROV simulation result of best scenario and sensitivity chart for Unit-1 and Unit-2 projects

4.2 Analysis for Monte Carlo Simulation
The result of Monte Carlo Simulation for NPV, ENPV and ROV presented as overlay
graphical chart in Fig 4. Fig 4 shows ENPV approach obtained rather similar result with
NPV, but ENPV provides a much tighter distribution although not really significant. Once
we added ROV approach where we only execute the Unit-2 project if the best condition
obtained, the risk has been reduced and the return of the project increased.
Based on the result obtained from NPV method through ROV method, we can define risk
as uncertain variables that fluctuate in project value. All risks are mitigated in ROV approach
since we do not execute the project if the worst or normal case scenario occurs. In this study
also obtained that geothermal project really sensitive to discount rate and sales volume. Real
Options approach enhanced project value since the project executed when the best case
scenario occurs. This decision creates better valuation simply by having the right strategic
optional available, acting appropriately, and valuing the project in terms of its “real” value,
which includes this opportunity to make midcourse corrections when new information
becomes available.
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Fig 4. Overlay distributional comparison of NPV, ENPV, and ROV

5 Conclusions
This study showed that the valuation of geothermal power generation project using NPV
method underestimates the value of the project rather than ROV. The ROV method assesses
projects based on options in the implementation of a project. In ROV approach where we
only executed the project if best scenario occurred, we obtain better value of the project and
risk has been reduced. The result of the study showed discount rate is the most sensitive
variable in the project followed by sales volume.
Since ROV applied option mechanism, which allows companies or investors achieve
better overview and flexible management for project valuation. Therefore, ROV can help
investor or companies to consider an option framework in the decision-making process. That
is, to find strategic options that exist in projects or to create strategic options in order to
increase the project’s value.
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