[image: ]D27: Risk Analysis


	
[bookmark: _Hlk84500310]
[image: ]Open Sea Aquaculture 
in the Eastern Mediterranean



[image: ]The Project is co-financed with 800 K Euro by the European Regional Development Fund and the Republic of Cyprus through the Research and Innovation Foundation with grant number INTEGRATED/0918/0046

Work Package ID: 	WP7

Work Package Title: 	Financial and Legal Frameworks 

Deliverable ID: 	D27

[bookmark: _Hlk78962442]Deliverable Title: 	Risk Analysis

Status: 	Final

Dissemination Level: 	Public 

Partner Leader: 	Frederick Research Centre (FRC) 

Disclaimer 
Use of any knowledge, information or data contained in this document shall be at the user's sole risk. Neither the OS Aqua Consortium nor any of its members, their officers, employees or agents accept shall be liable or responsible, in negligence or otherwise, for any loss, damage or expense whatever sustained by any person as a result of the use, in any manner or form, of any knowledge, information or data contained in this document, or due to any inaccuracy, omission or error therein contained.
The OS Aqua project (INTEGRATED/0918/0046) has been partially funded under the RESTART 2016-2020 Programme, Integrated Projects Call, of the Cyprus Research and Innovation Foundation. This publication reflects the views only of the authors, and the Funding Agency cannot be held liable or responsible for any use which may be made of the information contained herein or of any consequences thereof.
Copyright notice
© Copyright 2020-2024, The OS Aqua Consortium
This document contains information that is protected by copyright. All Rights Reserved. No part of this work covered by copyright hereon may be reproduced or used in any form or by any means without the permission of the copyright holders. 

Executive Summary 

Deliverable 27 (D27) is under work package WP7, Task 7.5, "Economic Risk Analysis." The objective of this task was to enhance the reliability and comprehensiveness of the economic model developed in Task 7.6 by integrating risk analysis techniques. Deterministic economic models, while informative, do not consider uncertainties and risks present in real-world systems. Risk analysis techniques, including sensitivity analysis, Monte Carlo simulation, and scenario analysis, were employed to address these limitations.
Our analysis uncovered that fluctuations in revenue, particularly through changes in selling prices, have a significant positive influence on both the internal rate of return (IRR) and net present value (NPV). Higher revenue enhances profitability and generates greater returns on investment. Conversely, the cost of fish feed and operational expenses negatively impact both IRR and NPV. Increased expenses in these areas diminish profitability and can result in negative NPV values, indicating unprofitable investment prospects.
Moreover, our analysis highlighted the criticality of effectively managing seabass production to optimize the project's financial performance. A reduction in the percentage of seabass production further decreases the project's NPV, underscoring the need to maintain an optimal production level.
Furthermore, employing stochastic analysis through simulation for IRR offered valuable insights into the potential range of outcomes, revealing significant uncertainty in the IRR calculation. The average IRR value surpasses that of the deterministic model, suggesting the incorporation of additional information favoring higher IRR values. Correlation analysis demonstrated that the wholesale seabass price in the Israeli market wields the strongest positive impact on IRR, followed by seabass and seabream prices in the Cyprus market, and the overall seabass production percentage. Conversely, elevated prices for fish feed and operational costs adversely affect IRR, emphasizing the significance of managing and controlling these expenditures. The NPV also displays a wide range, indicating substantial uncertainty.
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[bookmark: _Toc78796611][bookmark: _Toc139366901]Introduction 
The overall goal of WP7, Task 7.5, “Economic Risk Analysis” is to examine the robustness of the economic model that was developed in Task 7.6 and use risk analysis to gain an in depth understanding of the model developed. Deliverable D27 takes on from the deterministic model developed in D28 and applies a number of risk analysis techniques to enhance the reliability and comprehensiveness of the economic model.
Risk analysis plays an important role in strengthening the reliability and robustness of existing deterministic economic models. While deterministic models offer valuable insights by assuming fixed values for input variables and predicting deterministic outcomes, they do not take into account possible uncertainties and risks present in real-world economic systems. By integrating risk analysis techniques into the model, decision-makers can evaluate the potential impact of uncertain factors on model outputs and make more informed decisions.
Sensitivity analysis is one type of risk analysis, [1,2]. Sensitivity analysis of input variables is a valuable technique that allows for a comprehensive understanding of how changes in these variables impact the outputs of a model or system. The basic idea is to provide the model with different values of one input variable (keeping all other variables at constant values) and recording the new output values. Thus, by quantifying the sensitivity of outputs to variations in inputs, managers can identify the most influential factors and allocate resources effectively. The technique provides insights into which input variables have the most significant impact on the model outputs and helps prioritize efforts for risk mitigation strategies. In addition, sensitivity analysis enhances the understanding of the relationships between inputs and outputs, contributing to improved model reliability, robustness, and overall decision quality.
Monte Carlo simulation is a commonly used stochastic technique used in risk analysis, allowing for the generation of scenarios by randomly sampling input variables from their probability distributions, [3,4]. This approach enables decision-makers to explore a range of possible outcomes and assess the associated probabilities. 
Additionally, scenario analysis provides an effective framework for analyzing alternative future scenarios and their corresponding risks and rewards, [1]. By considering different plausible scenarios, decision-makers can better understand the potential variations in outcomes and identify their future strategies.
In conclusion, incorporating risk analysis techniques into existing deterministic economic models enhances their predictive power and supports more effective decision-making in the face of uncertainties. Through methods like Monte Carlo simulation, scenario analysis, and sensitivity analysis, decision-makers can assess the potential impacts of uncertain factors, identify critical risk factors, and develop risk management strategies. By considering a range of possible outcomes and understanding the associated probabilities, decision-makers can make more informed decisions, improve risk mitigation, and enhance the resilience of economic systems.


In Section 2 we provide a literature review in sensitivity analysis and stochastic analysis. Section 3 includes the results of sensitivity analysis and Section 4 contains results of stochastic analysis with the use of Monte Carlo simulation. We conclude this report with our main findings in Section 5.



[bookmark: _Toc139366902]Literature Review
[bookmark: _Toc139366903]Sensitivity Analysis
Sensitivity analysis, a crucial component of risk analysis, offers a valuable technique to study the dynamics between input variables and their impact on model or system outputs, [1]. By systematically altering one input variable at a time while keeping all other variables constant, sensitivity analysis provides a comprehensive understanding of how changes in these variables affect the overall outcomes. This approach enables managers to quantify the sensitivity of outputs to variations in inputs, enabling them to identify the most influential factors and take appropriate actions, [1,2,5].
The primary objective of sensitivity analysis is to identify which input variables have the most substantial influence on the model outputs. By subjecting the model to diverse values of a single input variable, managers can record and analyze the resulting output values. This analysis not only highlights the critical factors but also aids in prioritizing efforts towards mitigating risks. Understanding the relative impact of each input variable helps managers make informed decisions regarding risk mitigation strategies, allowing them to allocate resources efficiently and tackle the most influential factors first, [1].
Moreover, sensitivity analysis contributes to enhancing the comprehension of complex relationships between inputs and outputs. By systematically varying one input variable while holding others constant, managers gain insights into how changes in the inputs propagate through the system affecting the outputs. This improved understanding of the underlying relationships gives light to the aspects of model reliability and robustness. Gaining this knowledge, decision-makers can enhance the overall quality of their decisions by considering the connections between variables and their effects on the desired outcomes, [1,2].
In summary, sensitivity analysis plays a vital role in risk analysis by providing managers with a comprehensive understanding of the impact of input variables on model outputs. Through quantifying sensitivity and identifying influential factors, managers can effectively allocate resources and prioritize risk mitigation strategies. Furthermore, the analysis enhances the comprehension of relationships between inputs and outputs, leading to improved model reliability, robustness, and overall decision quality.

[bookmark: _Toc139366904]Stochastic Analysis
The utilization of deterministic values for inputs often falls short in capturing potential dynamic information and characteristics. Consider, for instance, a scenario where the current value of fish feed experiences a significant increase due to an unforeseen event. In such a case, it is reasonable to anticipate that over time, if events return to their normal state, the price is more likely to decrease. This information though, can be captured by using a distribution to characterize the price of fish feed. In the given example it becomes apparent that deterministic values of critical input variables can then be replaced with suitable distributions that reflect additional variable information, [3,4,6]. Then, a simulation method can be used to obtain critical output information. 
In the case of the stochastic analysis of our model, the Monte Carlo simulation method was employed, [3,4]. Monte Carlo simulation is a widely employed stochastic technique in risk analysis, frequently utilized to generate scenarios by randomly sampling input variables from their respective probability distributions, [3,4,6,7]. This approach empowers decision-makers to explore a spectrum of potential outcomes and evaluate the associated probabilities. By simulating numerous iterations, Monte Carlo simulation provides a comprehensive picture of the range of potential results, facilitating a more robust understanding of risk and aiding in decision-making processes.
The Monte Carlo simulation method has gained popularity due to its ability to address the inherent uncertainty in complex systems. It allows decision-makers to model complex relationships among variables and quantify the impact of their interactions on the outcomes, [7]. By incorporating probability distributions for input variables, such as project costs, market demand, or interest rates, Monte Carlo simulation captures the inherent randomness and variability in these factors. This provides decision-makers with a probabilistic assessment of potential outcomes, helping them make informed decisions and develop risk mitigation strategies.
Furthermore, Monte Carlo simulation offers advantages in handling non-linear and complex relationships between variables. Unlike deterministic methods that rely on fixed values, Monte Carlo simulation accounts for the interdependencies and interactions among various variables, allowing decision-makers to explore the impact of uncertainties on the overall system, [7]. This flexibility in capturing complex relationships enhances the accuracy of risk analysis and enables decision-makers to evaluate the likelihood of different scenarios occurring.
In addition to incorporating probability distributions, Monte Carlo simulation enables decision-makers to perform sensitivity analysis on input variables in a stochastic way. By systematically varying individual variables while keeping others constant, decision-makers can identify the most influential factors driving the outcomes, [6]. This analysis provides valuable insights into the relative importance of different variables, allowing decision-makers to prioritize their efforts in risk management and resource allocation.
Moreover, Monte Carlo simulation allows decision-makers to quantify and manage risk by evaluating the distribution of outcomes. Through the generation of thousands or even millions of simulated scenarios, decision-makers can examine the full range of possible outcomes, including best-case, worst-case, and most likely scenarios, [8]. This comprehensive understanding of the distribution of outcomes enables decision-makers to assess the probability of achieving specific targets and make informed decisions based on the risk level they would like to undertake.
Additionally, scenario analysis offers an effective framework for evaluating various alternative future scenarios and their associated risks and rewards [8]. This analytical approach allows decision-makers to consider multiple plausible scenarios, enabling them to capture in their analysis potential variations in outcomes and make informed strategic choices. By systematically examining a range of scenarios, decision-makers can gain valuable insights into the uncertainties they may face, identify potential risks, and develop appropriate contingency plans.
[bookmark: _Toc139366905]Model Sensitivity Analysis
The internal rate of return (IRR) and net present value (NPV) are important factors when deciding whether a project is worth pursuing. They help determine if the project will be a good investment and generate sufficient rate of return. The IRR is the annual growth rate that the investment is expected to generate while the NPV calculates the present value of all the future cash that the project will create. By looking at these numbers, we can understand if the project is financially viable and if it's a smart choice compared to other options. So, the IRR and NPV are key in deciding whether or not to go ahead with a project.
To start our statistical analysis, we chose to modify the values of different inputs in our model and record how these changes affect the internal rate of return (IRR) and net present value (NPV). We used the base case scenario from deliverable 28 (D28) as a reference, and we have assumed a production capacity of 2250 tonnes. For each analysis, we adjusted the value of a single factor within a range of -20% to +20% of its base case value, while keeping all other factors unchanged. 
Our research team focused on studying the effects of changes in revenue, which were influenced by variations in selling prices. We also gave special attention to the cost of fish feed, as it constitutes around 60% of the overall operational expenses, as explained in Deliverable 23 (D23). We analyzed it separately from other operational and unexpected expenses to understand its specific impact.
Furthermore, we considered factors like capital structure, inflation and interest rates, and initial capital expenditure in our analysis. These factors play a significant role in determining the financial aspects of the project. Lastly, as demonstrated in Deliverable 25 (D25), since the new aquaculture farms in Cyprus aim to focus on seabass exports, we examined potential variations in seabass production as well.
In summary, our analysis included a range of inputs, including revenue changes, fish feed costs, capital structure, inflation and interest rates, and seabass production, all of which are crucial in understanding the project's overall dynamics. In Figure 1 below, we provide the list of the factors that were examined in this sensitivity analysis.
	INPUTS

	PRICE-REVENUE

	INITIAL CAPITAL EXPENDITURE

	FISH FEED

	OPERATIONAL EXPENSES

	UNEXPECTED EXPENSES

	INFLATION RATE

	CAPITAL STRUCTURE

	LOAN INTEREST RATES

	SEABASS PERSENTAGE


[bookmark: _Toc139534507]Figure 1: List of sensitivity analysis inputs.
Table 1 and Table 2 present the values of internal rate of return (IRR) and net present value (NPV) for each input variation.  Notice that for large reductions of revenue IRR and NPV fall to negative values (NPV becomes negative much sooner than IRR) signaling non-profitable investment opportunities. 

[bookmark: _Toc138944088]Table 1: IRR sensitivity analysis values with respect to input variations.
	
	
	(IRR)
	INTERNAL RATE OF RETURN
	
	
	

	
	-20%
	-15%
	-10%
	-5%
	0%
	5%
	10%
	15%
	20%

	PRICE-REVENUE
	-4.86
	0.83
	6.62
	12.54
	18.43
	24.08
	29.39
	34.34
	38.95

	INITIAL CAPITAL EXPENDITURE
	20.07
	19.65
	19.23
	18.82
	18.43
	18.04
	17.65
	17.28
	16.91

	FISH FEED
	31.07
	27.94
	24.79
	21.6
	18.43
	15.28
	12.2
	9.23
	6.37

	OPERATIONAL EXPENSES
	27.07
	24.87
	22.69
	20.54
	18.43
	16.35
	14.33
	12.37
	10.47

	UNEXPECTED EXPENSES
	20.25
	19.79
	19.33
	18.88
	18.43
	17.98
	17.53
	17.08
	16.64

	INFLATION RATE
	17.61
	17.82
	18.02
	18.22
	18.43
	18.63
	18.83
	19.03
	19.23

	CAPITAL STRUCTURE
	19.18
	18.98
	18.79
	18.6
	18.43
	18.25
	18.09
	17.93
	17.77

	LOAN INTEREST RATES
	19.04
	18.89
	18.73
	18.58
	18.43
	18.27
	18.12
	17.96
	17.8

	SEABASS PERSENTAGE
	15.3
	16.09
	16.87
	17.65
	18.43
	19.19
	19.95
	20.71
	21.46



The results of the analysis also indicate that various other factors have a significant impact on the internal rate of return (IRR) and net present value (NPV) of the project. Specifically, the cost of fish feed and operational expenses have been found to considerably affect the IRR, leading to potential decreases in profitability. These factors also result in negative NPV values, suggesting that the project may struggle to generate sufficient cash flows to cover its costs and yield a positive return on investment.

[bookmark: _Toc138944089]Table 2: NPV sensitivity analysis values with respect to input variations
	 
	 
	 
	SENSITIVITY ANALYSIS (NPV)
	 
	 
	 
	 

	 
	-20%
	-15%
	-10%
	-5%
	0%
	5%
	10%
	15%
	20%

	PRICE-REVENUE
	-€15,675,056
	-€10,846,913
	-€6,018,770
	-€1,190,627
	€3,637,516
	€8,465,659
	€13,293,802
	€18,121,945
	€22,950,088

	INITIAL CAPITAL EXPENDITURE
	€4,777,042
	€4,492,161
	€4,207,279
	€3,922,398
	€3,637,516
	€3,352,635
	€3,067,753
	€2,782,872
	€2,497,990

	FISH FEED
	€13,937,948
	€11,362,840
	€8,787,732
	€6,212,624
	€3,637,516
	€1,062,408
	-€1,512,700
	-€4,087,808
	-€6,662,916

	OPERATIONAL EXPENSES
	€10,348,884
	€8,671,042
	€6,993,200
	€5,315,358
	€3,637,516
	€1,959,674
	€281,832
	-€1,396,010
	-€3,073,851

	UNEXPECTED EXPENSES
	€5,083,312
	€4,721,863
	€4,360,414
	€3,998,965
	€3,637,516
	€3,276,067
	€2,914,618
	€2,553,169
	€2,191,720

	INFLATION RATE
	€2,834,583
	€3,029,839
	€3,228,699
	€3,431,234
	€3,637,516
	€3,847,619
	€4,061,618
	€4,279,590
	€4,501,611

	CAPITAL STRUCTURE
	€3,961,336
	€3,880,381
	€3,799,426
	€3,718,471
	€3,637,516
	€3,556,561
	€3,475,606
	€3,394,651
	€3,313,696

	LOAN INTEREST RATES
	€4,117,826
	€3,999,110
	€3,879,487
	€3,758,956
	€3,637,516
	€3,515,166
	€3,391,906
	€3,267,734
	€3,142,651

	SEABASS PERSENTAGE
	€1,058,266
	€1,703,079
	€2,347,891
	€2,992,704
	€3,637,516
	€4,282,329
	€4,927,141
	€5,571,953
	€6,216,766


Furthermore, it is important to note that a reduction in seabass production percentage also contributes to low net present value. This means that if the production of seabass is decreased, it further worsens the financial performance of the project, leading to even smaller NPV values. Therefore, managing and optimizing the seabass production is crucial to improve the overall profitability and increase the likelihood of achieving a sufficient NPV.
In summary, the analysis highlights the significance of controlling expenses related to fish feed and operational activities, as well as maintaining an optimal seabass production level. By effectively managing these factors, the project can enhance its financial performance, increase the internal rate of return, and strive towards achieving a positive net present value.
Figure 2 and Figure 3 help illustrate the information presented in Tables 1 and 2 in a more effective way. These figures provide valuable insights into the relationships between different factors and the internal rate of return (IRR) and net present value (NPV) of the project.

[bookmark: _Toc139534508]Figure 2: IRR sensitivity analysis plot with respect to input variations

One important observation is the significant positive impact of increases in revenue on both IRR and NPV. This means that when revenue goes up, the project becomes more profitable and generates higher returns. On the other hand, the figures also highlight the substantial negative impact of fish feed and operational expenses on IRR and NPV. This indicates that when these costs increase, the project's profitability decreases, resulting in lower returns and potentially negative NPV values.

[bookmark: _Toc139534509]Figure 3: NPV sensitivity analysis plot with respect to input variations

Looking at the graphs, we can observe that the price-revenue plot has a steep positive gradient. This means that there is a strong positive correlation between revenue and both IRR and NPV. In simpler terms, as revenue increases, IRR and NPV also increase significantly. Conversely, the fish feed and operational cost plot shows a steep negative gradient. This implies a strong negative correlation between these expenses and IRR and NPV. In other words, as these costs rise, IRR and NPV decrease substantially.
Additionally, the figures show that factors such as inflation rates, loan interest rates, unexpected expenses, initial capital expenditure, and capital structure have a lower positive or negative correlation with IRR and NPV. This means that changes in these factors have a relatively smaller impact on the project's profitability and financial metrics compared to revenue, fish feed, and operational expenses.
In summary, Figures 2 and 3 provide a visual representation of the relationships between different factors and the project's IRR and NPV. They demonstrate the strong positive correlation of revenue with IRR and NPV, a positive correlation with seabass percentage, the strong negative correlation of fish feed and other operational expenses, and the relatively weaker correlations of other factors. Understanding these relationships can help decision-makers assess the key drivers of profitability and make informed choices to improve the financial performance of the project.
[bookmark: _Toc139366906]Model Stochastic Analysis 
The purpose of this section is to build upon the findings of section Sensitivity Analysis and explore additional information related to the main drivers of the internal rate of return (IRR) and net present value (NPV) of a project. To accomplish this, a statistical software called @Risk, developed by Lumivero [9], is selected for the task.
@Risk is a software tool that helps analyze and manage uncertainties in projects and decisions. It allows users to incorporate extra information about specific inputs, such as the factors influencing IRR and NPV, by using suitable statistical distributions. This means that instead of relying solely on fixed values for these inputs, @Risk enables the inclusion of variability and probability, providing a more comprehensive understanding of the potential outcomes. A brief description of the software is provided below.
[bookmark: _Toc139366907]Software @Risk
The research team has used software @Risk, [9], by Lumivero, formerly Palisade. The software @Risk is a powerful tool that helps people make informed decisions by analyzing and managing uncertainties in projects and processes. It is designed to assess the potential risks and uncertainties associated with various factors that can impact the outcome of a project or decision.
@Risk works as an excel plugin with which users can create models that simulate different scenarios and run multiple simulations to understand the range of possible outcomes. This software uses probabilistic analysis, which means it takes into account the likelihood of different events occurring and calculates the potential impact they may have on the project. Figure 4 below provides a screenshot of the software’s main interface showing a number of interesting features such as input and output distributions, best fit options, correlation and simulation capabilities.
[image: ]
[bookmark: _Toc139534510]Figure 4: Software @Risk’s main interface.
The basic idea behind the use of @Risk is to define inputs as distributions instead of deterministic values and provide suitable correlations so that a more comprehensive analysis of risk factors is possible. Figure 5 provides some examples of such inputs using the triangular distribution to model fish feed cost per tonne. In the first plot the skewness is negative indicating that fish feed cost is more probable to drop from its current level. In the second plot the symmetric and in the last one it is positively skewed indicating that fish feed cost is more probable to increase.

[image: ][image: ][image: ]
[bookmark: _Toc139534511]Figure 5: Triangular distribution input examples for fish feed price per tonne.

In Figure 6 we provide other input distribution options such as Normal, Weibull and Histogram.

[image: ] [image: ]  [image: ]
[bookmark: _Toc139534512]Figure 6: Normal, Weibull and Histogram distribution options.
After setting the inputs the user will need to define the outputs. In our case, the internal rate of return (IRR) and the net present value (NPV) were defined as outputs. Figure 7 presents how a sample simulation result of the IRR output is presented by the software.




[image: ]
[bookmark: _Toc139534513]Figure 7: Sample simulation result for Internal Rate of Return.
By using @Risk, individuals and organizations can gain insights into the risks involved in their projects and make better-informed decisions. It allows users to identify the critical factors that can influence the success of a project and take appropriate actions to mitigate or manage those risks effectively. With its user-friendly interface and powerful analytical capabilities, @Risk is widely used in industries such as finance, engineering, and project management to improve decision-making and enhance project outcomes.

[bookmark: _Toc139366908]Inputs and Outputs
Based on the sensitivity analysis results, the research team has decided to perform stochastic risk analysis for the key drivers of the internal rate of return and the net present value. To do this, the team will describe these factors using distributions that include additional information gathered by the team.
The main factors that will be represented by distributions are price-revenue which is actually influenced by the wholesale selling price per species in the main markets (Deliverable 25), fish feed cost, cost of utilities, fuels and other consumables and the seabass production percentage compared to the overall production. 
The research team has used a type of distribution called a positively skewed triangle distribution to determine the wholesale selling price in the main markets. This distribution suggests a pattern of prices gradually increasing over time. The current wholesale fish prices used in the deterministic model correspond to lower than the current fish feed prices adopted by the deterministic model. This is because the average feed price during the lifespan of the fish until harvest is lower due to the increasing prices over time.
We have also used a positively skewed triangle distribution for the seabass production percentage as the findings in Deliverable 25 indicate increasing demand for the species. For the cost of utilities, fuels and consumables we have used a normal distribution as current information does not seem to provide a clear upward or downward trend.
Lastly, we have used a negatively skewed triangle distribution for fish feed highlighting expert opinion impression that the current highly increased values are more probable to drop than increase more. Table 3 below provides the list of the input distributions.

[bookmark: _Toc138944090]Table 3: Distributions of the key drivers for IRR and NPV
	Seabream wholesale price / Cyprus Market
	RiskTriang(5.4,6,7.4,RiskStatic(6))

	Seabass wholesale price / Cyprus Market
	RiskTriang(7.2,8,9.4,RiskStatic(8))

	Seabream wholesale price / Israel Market
	RiskTriang(5.22,5.8,6.8,RiskStatic(5.8))

	Seabass wholesale price / Israel Market
	RiskTriang(6.75,7.5,8.8,RiskStatic(7.5))

	Seabream wholesale price / Jordan Market
	RiskTriang(5.166,5.74,6.5,RiskStatic(5.74))

	Seabass wholesale price / Jordan Market
	RiskTriang(5.904,6.56,7.5,RiskStatic(6.56))

	Fish Feed per tonne
	RiskTriang(1200,1400,1500,RiskStatic(1400))

	Seabass Persentage
	RiskTriang(63,70,85,RiskStatic(70))

	Utilities, Fuel and other consumables Costs
	RiskNormal(1188000,118800,RiskStatic(1188000))



The research team has also identified the internal rate of return (IRR) and the net present value (NPV) as the outputs of the simulation. 

[bookmark: _Toc139366909]Simulation 
The simulation of 5000 iterations for the internal rate of return (IRR), as depicted in Figure 8, provides valuable insights into the potential range of outcomes. With a 90% confidence interval, it is estimated that there is a 90% chance that the IRR will fall between 15.49% and 31.32%. This wide range highlights the inherent uncertainty associated with the IRR calculation. The mean value for the IRR is determined to be 23.298%, significantly higher than the deterministic model's value of 18.43%. This disparity can be attributed to the inclusion of additional information through the distributional expressions of the inputs, which favors higher IRR values. The simulation results emphasize the importance of considering a range of potential outcomes rather than relying solely on a single deterministic value when evaluating the financial viability of the project.

[image: ]
[bookmark: _Toc139534514]Figure 8: IRR simulation results.

In Figure 9, the correlation between the internal rate of return (IRR) and various input parameters is presented, shedding light on the relationship between these factors. The highest positive correlation with IRR is observed with the wholesale seabass price in the Israeli market. This indicates that an increase in the price of seabass in Israel has a significant positive impact on the IRR. Additionally, there are lower positive effects observed for the seabass and seabream wholesale prices in the Cyprus market, as well as the overall seabass production percentage. These findings suggest that aquaculture farms in Cyprus should prioritize seabass production over seabream, considering the potential positive impact on IRR.
Conversely, a high negative effect is observed between the price of fish feed and IRR. This implies that higher prices for fish feed would result in lower IRR values. It is also worth noting that utilities fuel and other consumable costs also exhibit a high negative correlation with IRR. This indicates that an increase in these costs would have a detrimental effect on the IRR. These findings emphasize the sensitivity of the project's profitability to the cost of feed and other operational costs, highlighting the importance of managing and controlling these expenses to maximize the IRR.
The correlation analysis presented in Figure 9 underscores the significance of understanding the relationship between input parameters and IRR, enabling informed decision-making and strategic planning to optimize project profitability.
[image: ]
[bookmark: _Toc139534515]Figure 9: IRR correlation with key input drivers.

The project's net present value (NPV), as illustrated in Figure 10, ranges from 1.24 million euros to 14.83 million euros with a 90% confidence interval. This indicates that there is a high level of certainty that the NPV falls within this range. The mean NPV of the project is calculated to be 7.79 million euros, representing the average expected value. However, it is important to note that the NPV can vary significantly, with a maximum value of 22.45 million euros and a minimum of - 4.48 million euros. These extreme values highlight the potential risks and rewards associated with the project, as the NPV can fluctuate widely based on various factors and scenarios.
The wide range of the 90th percentile of the net present value, from 1.24 million euros to 14.83 million euros, indicates the considerable uncertainty surrounding the project's financial outcome. The mean NPV of 7.79 million euros serves as a reference point, reflecting the anticipated average value. However, it is crucial to acknowledge the possibility of both positive and negative outcomes. The maximum NPV of 22.45 million euros suggests a potential high return on investment, while the minimum NPV of -4.48 million euros indicates a potential loss. These figures emphasize the importance of carefully evaluating the project's risks and rewards, as well as implementing robust strategies to mitigate potential losses and capitalize on favorable scenarios.
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[bookmark: _Toc139534516]Figure 10: NPV simulation results.
The correlation analysis presented in Figure 11 reveals the impact of input parameters on the net present value (NPV) of the project. Similarly to the IRR, the wholesale seabass price in the Israeli market exhibits the highest positive correlation with the NPV, indicating that an increase in this price has a significant positive effect on the project's NPV. The seabass and seabream wholesale prices in the Cyprus market, as well as the overall seabass production percentage, also demonstrate lower positive correlations with the NPV. These findings suggest that prioritizing seabass production over seabream in Cyprus aquaculture farms can potentially lead to a higher NPV.
Conversely, the price of fish feed, as well as utilities, fuel and other consumable costs show high negative correlations with the NPV. This implies that increases in these costs would result in a decrease in the project's NPV. Managing and controlling expenses related to fish feed, utilities, fuel and other consumables become critical in order to minimize their impact on profitability and maximize the NPV. By considering these correlations, project stakeholders can make informed decisions and implement strategies to optimize the NPV, ensuring the financial viability and success of the project.
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[bookmark: _Toc139534517]Figure 11: NPV correlation with key input drivers.

[bookmark: _Toc139366910]Scenario Analysis
In this subsection the research team aims to examine the effect of two different scenarios relating fish feed price. Scenario 1 is business as usual, that is we keep input distributions as in our base case scenario presented in the simulation analysis section. Scenario 2 represents a reduced feed price scenario, projecting lower steady state feed prices. The input details of the two scenarios are given below:
Scenario 1 (Business as usual):
· Price of fish feed follows a triangular distribution.
· Most probable value: 1400 euros per tonne.
· Maximum value: 1500 euros per tonne.
· Minimum value: 1200 euros per tonne.
· The distribution is negatively skewed, indicating a higher likelihood of prices being closer to the lower end (1200 euros per tonne) and a decreasing probability as prices move towards the higher end (1500 euros per tonne).

Scenario 2 (Lower Fish Feed Price):
· Price of fish feed follows a symmetric triangular distribution.
· Most probable value: 1300 euros per tonne.
· Maximum value: 1400 euros per tonne.
· Minimum value: 1200 euros per tonne.
· The distribution is symmetric, suggesting an equal likelihood of prices being closer to the lower end (1200 euros per tonne) or the higher end (1400 euros per tonne). This scenario reflects a possible decrease in fish feed prices from the current level.
By incorporating these different scenarios for the price of fish feed in your analysis, we will be able to evaluate the impact of varying feed costs on the project's performance, such as the internal rate of return (IRR) or net present value (NPV). Running a Monte Carlo simulation using these input distributions will generate a range of possible outcomes, taking into account the uncertainty associated with fish feed prices.
Analyzing the simulation results will allow the team to assess the likelihood of different financial outcomes based on the two scenarios. We will also compare the distributions of IRR or NPV between Scenario 1 and Scenario 2 to understand the potential effects of changing feed prices.
When comparing the two scenarios, Scenario 2 (RED: Lower Fish Feed Price) generally showed higher values of internal rate of return (IRR) compared to Scenario 1 (BLUE: Business as Usual), as shown in Figure 12. This indicates that the potential return on investment was greater in Scenario 2.
In terms of range, Scenario 1 exhibited a wider range of IRR values, suggesting more variability in potential returns. On the other hand, Scenario 2 had a narrower range of IRR values, indicating a more concentrated set of potential returns.
The average IRR in Scenario 2 was higher than that in Scenario 1, indicating a potentially higher overall return on investment. Additionally, the variability in IRR values, represented by the standard deviation, was slightly lower in Scenario 2 compared to Scenario 1.
Overall, Scenario 2 (Lower Fish Feed Price) appeared to offer more favorable conditions for investment, with higher values of IRR, a narrower range of outcomes, and potentially more predictable returns.
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[bookmark: _Toc139534518]Figure 12: IRR Distribution Comparison of two Scenarios.
When comparing the cumulative distribution function (CDF) plots of the two scenarios, Figure 13, Scenario 2 (RED: Lower Fish Feed Price) shows a shifted CDF curve towards higher values of internal rate of return (IRR) compared to Scenario 1 (BLUE: Business as Usual). 
Overall, the CDF analysis supports the observation that Scenario 2 provides a more favorable investment outlook, with a higher likelihood of achieving higher IRR values and a lower probability of encountering lower returns or losses compared to Scenario 1.
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[bookmark: _Toc139534519]Figure 13: IRR CDF Comparison of two Scenarios.

When considering the net present value (NPV) of the two scenarios, Scenario 2 displayed a higher NPV compared to Scenario 1, Figure 14 and Figure 15. In Scenario 2, the lower price of fish feed contributed to a more favorable NPV outcome. In most cases, the discounted cash inflows exceeded the outflows, resulting in a positive NPV. The shift to the right of the distribution of NPV in scenario 2 (RED) as shown in Figure 13 indicates that the project's profitability was higher in Scenario 2.
In contrast, Scenario 1 had a comparatively lower NPV. The higher price of fish feed in this scenario led to reduced profitability, resulting in a lower NPV or even a negative NPV.
Overall, the NPV analysis suggests that Scenario 2 (Lower Fish Feed Price) is more financially advantageous due to its higher NPV. The project's cash flows and profitability were more favorable in this scenario compared to Scenario 1, indicating the potential for higher returns on investment.
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[bookmark: _Toc139534520]Figure 14: NPV Distribution Comparison of two Scenarios.
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[bookmark: _Toc139534521]Figure 15: NPV CDF Comparison of two Scenarios.
[bookmark: _Toc139366911]Conclusions 
In conclusion, the internal rate of return (IRR) and net present value (NPV) are essential metrics for evaluating the financial viability and potential profitability of a project. By analyzing the sensitivity of IRR and NPV to various input variations, we have gained valuable insights into the factors that significantly impact the project's financial performance.
Our analysis revealed that changes in revenue, particularly selling prices, have a substantial positive impact on both IRR and NPV. Higher revenue leads to increased profitability and greater returns on investment. Conversely, the cost of fish feed and operational expenses exerted a significant negative influence on IRR and NPV. Higher expenses in these areas reduce profitability and can result in negative NPV values, indicating unprofitable investment opportunities.
Furthermore, the analysis demonstrated that managing seabass production is crucial for optimizing the project's financial performance. A decrease in the percentage of seabass production further decreases the project's NPV, emphasizing the importance of maintaining an optimal production level.
Stochastic analysis with the use of simulation for the internal rate of return (IRR) also provided valuable insights into the potential range of outcomes, indicating significant uncertainty in the IRR calculation. The mean value for the IRR is higher than the deterministic model, suggesting the inclusion of additional information favoring higher IRR values. Correlation analysis revealed that the wholesale seabass price in the Israeli market has the strongest positive impact on the IRR, followed by seabass and seabream prices in the Cyprus market and overall seabass production percentage. Conversely, higher prices for fish feed and operational costs have a negative effect on the IRR, emphasizing the importance of managing and controlling these expenses. The net present value (NPV) also exhibits a wide range, indicating substantial uncertainty.
Ultimately, decision-makers can leverage these insights to make informed choices regarding expense control, revenue optimization, and production management. By effectively managing these key factors, the project can enhance its profitability, increase the internal rate of return, and strive towards achieving a positive net present value, thereby ensuring a financially viable and rewarding investment.
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1] Left X 19.08% 19.08%
Left P 5.0% 19.9%
0 o 2 o o o < < 2 < | Right X 33.50% 33.50%
1 =] a I & R M S £ |Right P 95.0% 98.1%
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Cell
Minimum
Maximum
Mean
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Errors
Filtered
Left X
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Right X

Right P

'CASH FLO...
-€2,537,423...
€23,267,165...
€10,248,625...
+ €88,767.40
€10,651,861...
€10,198,734...
€3,815,318.34

0.0923
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0
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