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1. Introduction

Some unpredictable factors need to be considered in operating a floating solar
power plant [1, 2]. Such unpredictability can manifest into risks for the developer and
investors and require investigations [3, 4]. One of the main risks is the annual energy
production value, referred to as irradiation [5, 6]. This risk arises due to the uncertainty
of the amount of solar radiation due to weather factors. In addition, sun radiation affects
the total electricity generated and affects the company's income [7, 8]. Another risk to
consider is the failure of the Floating Photovoltaic (FPV) system, which affects the
operation and maintenance costs [9-11]. Hence, a management risk investigation is
needed to systematically and effectively manage and mitigate these risks [12-14].

Investors demand some assurance in the investment return value [15]. The
investors need to see that the proposed income value can be converted into a realistic
income value. Therefore, a systematical financial viability evaluation is required to reduce
the income deviation [16-18]. One of the procedures that can be implemented to mitigate
the unpredicted factors in realizing income is NPV-at-Risk [19, 20]. This method employed
the principles of Monte Carlo simulation by considering the distribution of probabilities of
each risk [21, 22].

Previous research has proposed several methods to manage risks. Among these
methods, the most notable is the integration of the Doublely technique for order of
preference by similarity to ideal solution and process failure mode effect analysis [23], the
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integration of failure modes and effects analysis, and the proactive maintenance strategies
[24], and the fuzzy comprehensive evaluation with artificial neural network [25]. Other
methods include surveys and risk significance index [26], cross-case analysis [27], GIS-
based multi-criteria decision analysis [28], and analytical hierarchy process [29]. Research
by  Albana and Saputra [30] integrated risk management and NPV-at-Risk.
Unfortunately, this research did not result in a higher risk level after implementing the
proposed mitigation solutions.

Reflecting on the previous research, studies employing NPV-at-Risk into risk
management analysis in power plants are hardly found. As far as this research is
concerned, no research has focused on the risk level evaluation in a floating solar power
plant. A risk management analysis that cannot estimate risk level results in
undetermined income realization. The mitigations conducted by previous research only
proposed the strategies to overcome risks. However, the mitigations did not measure the
risk level when the mitigation was implemented. Therefore, this research aimed to develop
an integration of risk management and NPV-at-Risk to mitigate the operational risks of a
floating solar power plant. Thus, this research aimed to contribute to the development of
risk management in power plant projects.

2. Methods
2.1 Proposed Risk Management Method

This study proposed six-staged risk management in a power plant project, as
1llustrated in Fig. 1. The stages involve communication and consultation, context
assignment, risk identification, risk analysis, risk evaluation, and risk mitigation. The
detailed illustration for the stages is as follows.

Fig. 1. Six Stages of Risk Management and NPV-at-Risk

At the initial stage, communication and consultation served to communicate the
perception and understanding of parties bearing the risks. The discussion involved
representations from the company handling the floating solar power plant project in
Indonesia.

The second stage concerns context assignment. The assignment of context was
presented in this stage. The risks' context was determined by the minimum Net Present
Value (NPV) in this research. The minimum NPV helped in classifying the operational
risks. The value was determined from the financial simulation, which was calculated
based on the deviation between the cash in-flow in the future and cash out-flow in the
present. The value of cash flow in a certain period was based on the interest rates and
initial investment. Because the value of money in the present time is different from that
in the future, the discount rate was also considered in this research.
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The value of the discount rate was obtained from the cost of equity. This value
became the return value margin allowable in the project. The cost of equity (KE) was
calculated based on equation (1). Based on the equation, the risk-free rate is denoted by
Rf, the sensitivity value of the return on the loan investment to the market return is g,
and the market rate of return is Rm.

KE = Rf + B (Rm — Rf) (1)

The calculation of NPV was based on equation (2). The minimum margin of NPV
was obtained from calculating cash flow in the initial year (C1), second-year (C2), until
the final year. Then, the values were obtained from the total net profit, which considered
depreciation and amortization, interest rate, the discount value from the cost of equity,
and initial investment (CO). Finally, the margin of NPV was used to estimate the
likelihood level and the consequences of each risk.

NPV = (C1/(1+r)Y) + (C2/(1+1)?) + ... + (Ct/(1+r)t) — CO 2)

The third stage was the risk identification stage. This stage was reflected in the
evaluation of the floating solar power plant operation. The steps in identifying risks
included identifying and describing the risks that support and hinder the organization's
objectives. In this stage, an expert discussed and answered interview questions to obtain
data on each risk factor affecting the company's income.

The next stage was risk analysis. Initially, the measurement of risk determined
the type of probability distributions for each risk factor. The selection of distribution type
was used to conduct the Monte Carlo simulation. The next step was measuring the
probabilities and consequences of each risk factor. The measuring of the probabilities was
conducted based on the minimum NPV in the context assignment stage. The goal-seek
method was implemented to determine the minimum value of each risk. The value of the
possibility of occurrence for each factor was measured based on Monte Carlo simulation.
The procedures of Monte Carlo simulation were as follows: (1) determining the type of risk
factor data distribution, (2) determining the random order of the risk, (3) conducting
random variable generation, and (4) conducting risk simulation.

The measurement of consequence was conducted based on financial loss. The value
of the financial loss was used to measure the risk level obtained from the Monte Carlo
simulation. The evaluation was measured in percentage obtained from the deviation of the
initially targeted NPV and the final NPV based on the risk factor value. The highest risk
factor value was selected to measure the worst probability of the risk. The classification of
the level of possibility of occurrences and consequences of each risk factor is shown in
Table 1 and Table 2, respectively. The results were used to construct risk mapping. The
mapping helped determine the priorities in risk mitigation. The risk mapping from the
level of possibility of occurrences and consequences is shown in Fig. 2.

Table 1. Likelihood Level

Likelihood Possibility of Occurrence

Rare Possibility of occurrence less than 5%
Unlikely Possibility of occurrence between 5%-25%
Possible Possibility of occurrence between 25%-50%
Likely Possibility of occurrence between 50%-75%
Almost Certain Possibility of occurrence more than 5%
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Table 2. Consequences Level
Consequence  Description
Insignificant Low financial loss (indicates by correlation in absolute less than 5%)
Minor Medium financial loss (indicates by correlation in absolute between 5%-25%)
Moderate High financial loss (indicates by correlation in absolute between 25%-50%)
Major Major financial loss (indicates by correlation in absolute between 50%-75%)
Catastrophic Huge financial loss (indicates by correlation in absolute more than 75%)
Consequences Level
Insignificant Minor Moderate Major Catastrophic
RISK MAP . . Medium High Major Huge
Low Financial . . . . . . . .
L Financial Financial Financial Financial
08s Loss Loss Loss Loss
Almost o
— | Certain P(X) > 75%
)]
> . 50% < P(X)
3 Likely < T5%
°
< . 25% < P(X)
é Possible <50%
< . 5% < P(X)
L)
& Unlikely < 925%
Rare 5% < P(X)
. . Moderate .

Fig. 2. Risk Mapping

The fifth stage was risk evaluation. In this stage, risk evaluation was conducted to
determine the critical risk factor. The level of the risk indicated this factor. Thus, the
critical risk factor was derived from the levels of risk, which were notated as extreme risk,
high risk, and moderate risk. Meanwhile, the low and extremely low risks were not
classified as the critical risk factors.

The final stage was risk mitigation. In this stage, risk mitigation was proposed to
prevent risks. The risk mitigation was conducted by designing a strategy to overcome the
critical risk factors. Furthermore, classification of risk level was also conducted on the
effects of mitigations proposed.

2.2 Data Collection

This research presented a study case on the floating solar power plant in Indonesia.
There were primary and secondary data in this research. At the risk identification stage,
the data were obtained from interviews and discussions with an expert. Furthermore, the
secondary data were collected from the context assignment and risk-analysis stages. The
data were used to determine the minimum margin of NPV and the type of risk probability
distributions (see Table 3). The data collected from the context assignment were risk-free
rate (Rf) at 6,45%, beta (B) at 0.88, and market rate of return (Rm) at 9,78%. In addition,
data on the risks, including interest rate, inflation, operation and maintenance costs, and
irradiation, were collected from the risk history within ten years of operation (2011-2020).

B ]
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Table 3. Types of Distribution of Risk Factors
No Parameter Distribution Type
1 0&M Cost Lognormal (-4.221; 0.2821; 0)
2 Iradiasi Lognormal (12.45; 0.05644; 0)
3 Interest rate Lognormal (-3.211; 0.1834; 0)
4 Inflation Normal (0.04503; 0.01683)

3. Results and Discussion

This section presents the results from the analysis of NPV-at-Risk based risk
management. The communication and consultation stage results indicate that this
particular floating solar power plant will operate until the next twenty-five years. The
investors entrust the developer of the power plan to manage the income realization
according to the plan. The results from the context assignment show that the cash flows
in the initial year (C1), second-year (C2), and the 25t year (C25) are $ 11,758,220, $
10,702,200, and $ 998,110, respectively. The cost of equity (CE) obtained from the research
1s 9.38%. The minimum margin of the NPV is $ 74,539,280.

NPV Limit...

1 —— O0&M Cost
0.92
0.84
0.76
0.68
0.6
0.52
0.44
0.36
0.28
0.2
0.12

0.04 NPV in
(1,000.00) 19,000.00 39,000.00 59,000.00 79,000.00 99,000.00 Thousand

Fig. 3. O&M Cost Probability Graph

The results of the Monte Carlo simulation suggest that the possibility of occurrence
of the maintenance and operation costs exceeded the minimum margin of NPV at 48%, as
1llustrated in Fig. 3. The complete description of the possibility of occurrence of the risk
factors is presented in Table 4. In the maintenance and operation costs, the lost financial
value was 11.5%. It shows that the consequence level of the maintenance and operation
costs is catastrophic. Further elaborations on the consequence results from each risk factor
are presented in Table 5.

In detail, the mapping of risk factors is illustrated in Fig. 4. The research results
suggest that two risk factors (inflation and maintenance and operation costs) reached an
extreme risk level. Meanwhile, two other risk factors (irradiation and interest rate) were
categorized as extremely low risks.
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Table 4. Likelihood factors risk results
Risk Parameter Possibility Level Likelihood

0&M Cost > 0.0196 48.0 % Almost Certain

Iradiasi < 206,965 0.0 % Rare

NPV= § 74,539,280 Interest Rate > 9.69% 0.0 % Rare
Inflation > 4.06% 84.0 % Almost Certain

Table 5. Consequences Results from each factors risk

Risk Parameter Loss Level
O&M Cost > 0.0196 -115.0 % Catastrophic
Iradiasi < 206,965 -22.0 % Minor
<
NPV= § 74,539,280 Interest Rate > 9.69% -4.0 % Insignificant
Inflation > 4.06% -175.0 % Catastrophic
Consequences Level
Insignificant Minor Moderate Major Catastrophic
RISK MAP Low Financial Medium High Major Huge
Loss Financial Financial Financial Financial
Loss Loss Loss Loss
Almost o
_ Certain PX) > 75%
(]
4 . 50% < P(X)
.3 Likely < T5%
g . 25% < P(X)
o =
.i:) Possible <50%
5 . 5% < P(X)
E Unlikely < 925%
Rare 5% < P(X)

Fig. 4. The mapping of each risk factor

According to the mapping of risks, several mitigation solutions are offered. The
mitigation strategy on the inflation risk is modifying the unpredictability of the inflation
rate, which affects the operational costs. As a result, the developer eliminates inflation
risk because customers pay for the risk. This way, inflation is categorized into low risk.
The mitigation for maintenance and operation costs requires the developer to determine
the limit for maintenance and operation costs at $1,225.000 per semester or $0,01469 per
watt peak per annum. With this strategy, the developer can reduce the costs by 115% and
boost profit by 25%.

The solution is to reduce maintenance and operation costs to mitigate irradiation
risk to reach the realization value close to the initial investment value. The developer is
suggested to reduce maintenance and operation costs by $715.000 per semester or
$0.00858 per watt peak per annum. This strategy results in a decrease of profit loss from
22% to become 16%. Furthermore, hedging is the proposed strategy to mitigate the risk of
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interest rate. Hedging is performed by determining the value of the interest rate at a
certain percentage by the investor or the bank. The proposed interest rate scheme is to
lock at 4.61%. This way, the risk factor becomes lower because the income realization
value is similar to the initially targeted income value. Furthermore, the results of the
proposed mitigations are mapped in the risk mapping in Fig. 5. Reflecting on the map, the
priorities for mitigation such as maintenance and operation costs and inflation show
decreases of risk level, indicating that the mitigation strategies successfully reduced the
risks.

Consequences Level
Insignificant Minor Moderate Major Catastrophic
RISK MAP . . Medium High Major Huge
Low Financial . . . . . . . .
Loss Financial Financial Financial Financial
Loss Loss Loss Loss
Almost o
_ Certain PX) > 75%
() 0,
2 . 50% < P(X)
G | Likely | 750
9 . 25% < P(X)
<) <
é; Possible <50%
o . 5% < P(X)
E Unlikely < 925%
Rare 5% < P(X)

Fig. 5. Risk Mapping based on Mitigation
4. Conclusion

This research aimed to manage risk factors by employing NPV-at-Risk in a floating
solar power plant project. The four risk factors identified are irradiation, maintenance and
operation costs, inflation, and interest rate. The results show that inflation and
maintenance and operation costs were considered extreme risks. Therefore, the research
proposed mitigation strategies to reduce the risk level of inflation and maintenance and
operation costs to become extremely low risk and low risk. However, this research has a
limitation in the analysis because each factor was analyzed partially. Additionally, the
research did not analyze the possibility of combined risks. Therefore, future research
needs to analyze the level of risks obtained from combinations of risks.
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