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Abstract: This paper presents the behavior of decision makers, the possible choices and the strategies 1
resulting from the uncertainties related to the integration of renewable energies. Its uncertainties =
are the risks associated with the volatility of renewable sources, the dynamics of energy production 3
as well as the planning and operation of the electricity grid. The goal is to model the risk-averse 4
decision-maker’s behavior and the choice of integrating renewable energies into the electrical system. s
Following a bibliographic approach, we expose a methodology to model the decision-maker’s
behavior(risk aversion and predilection for risk) to risk taking. The risk-averse decision maker may 7
adopt nonlinear utility functions. Risk aversion is a behavior that reflects the desire to avoid risk
decisions and thus reduces the risk of adverse consequences. A decision support tool is provided to o
the decision-maker to choose a best-fit strategy based on his preferences. The rational and risk-averse 1o
decision-maker would seek to maximize a concave utility function instead of seeking to minimize its 11

cost. Taste or aversion to risk can be modeled by a thematic function of utility. 12
Keywords: Modeling,risk averse, decision maker,choice,strategy,utility 13
0. Introduction 14

Particular attention in recent years has been paid to the security of supply, reliability 15
and robustness of electricity systems while integrating renewable energy resources. Given  1e
the random nature of renewable energies, the decision to integrate them into the electricity 17
system or not is similar to a risk exposure. Decision maker is interested in knowing if taking  1s
a decision under uncertainty is likely to result in a consequence. Then, if it is important to 1o
choose another appropriate decision. This is a risky future decision whose probabilities 2o
are known. Decision analysis based on probabilities are discussed in [1]. Theory of utility = 2
and decision are developed to characterize behavior in situations of risk. Decisions in 22
engineering are invariably caught in a subtle uncertainty [2] [1] about the costs and the 2
current and future intervention of the system, including the reactions associated with low 24
probability and high consequence events. However, choice theory in uncertainty aims to s
provide a coherent framework of principles of rational behavior to analyze and guide 2
decision-makers attitudes to potential loss/benefits. 27

This is traditionally studied on a lottery space or random variables while the evalua- 2.
tion of results and corresponding probabilities ultimately depends on the preferences of 2o
the decision maker [3]. Risk-based methods for reliability investments in electrical power o
distribution systems are discussed [4]. Risk-based methods are proposed [4]. They take into =
account extreme outage events in risk assessments incorporating impact and estimating 2
the total probability distribution of total reliability. The framework deals with the decision s
in risk from a normative perspective, that is to say, where one wonders about the models of ~ s4
preferences likely to lead to a "rational behavior". This decision is based on the assumption  ss
that the expected value of utility is the appropriate decision criterion. A common approach s
when making decisions is to base them on the expected values. The expected value (aver- s
age) is an operation that multiplies the consequence of each event by its probability and s
sum over all possible events. By using the expected value, a high frequency event with low 3o
consequences will have the same weight as a low frequency event with consequences high 4
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(if the products are the same). Basing the decisions on the average values of the results of
the simulation corresponds to the adoption of a strategy without risk. The choice of the 42
decision-maker depends on his behavior and his preferences [5] [6]. a3

The decision maker can use different risk strategies to see how the results vary. The 4
three behaviors that decision makers face are predilection, neutrality, and risk aversion. So s
it is a question of using prediction modeling and/or risk aversion in a context of choice. We 46
seek to help decision makers make the choice by taking into account their risk behavior. a7

The decision maker chooses the solution that maximizes its contentment, in other s
words the expectation of its utility function. The expected utility model is introduced by 4
von Neumann and Morgenstern [7] [8] [9] [10]. The theory of the decision gives the means  so
to the decision-maker not only to analyze his problem but also to be able to justify whether s
the proposed solutions are rational. A rational and risk averse decision-maker seeks to s
maximize a utility function [11] concave rather to seek to minimize the cost. 53

The idea of this model is to model the choices available to the decision maker asa s
set of consequences associated with a distribution of probabilities. The decision maker s
makes a choice between these consequences based on their respective probabilities and  se
risk behavior. Decisions can be multicriteria [9]. In [12] modeling uncertainty of induced -
technologycal change. Three features are introduced: (i) increasing returns to scale for new s
technologies; (ii) clusters of technologies that induce learning of the energy system; and (iii)  so
a decision-making approach to help policymakers prioritize [13]. Rapid deployment of o
renewable energy sources for diversified energy production is a topical issue discussed [14]. e

A new multi-criteria decision support system to help calculate the most appropriate e
set of energy options to provide sufficient energy and meet local demands for improved e
livelihoods is discussed [15].[16] indicates that existing energy decision support tools s
have been useful but are mostly incomplete. The decision criteria for investing in the s
integration of these sources are economic, technical and environmental decisions. Economic 6
decision analysis uses criteria such as Net Present Value (NPV), Return on Investment -
(ROI) and Pay-Back Time (PBT). The analysis of engineering decisions is based on cost s
and efficiency. In [17] the ELECTRE III method is used as a multi-criteria analytic support s
to identify optimal investment decisions from a predefined set of solutions. In [18] the 7
process analysis technique (AHP) is used to quantify the various differences of opinion and =
uncertainties in the hybrid system performance plans (Wind and PV). 72

A new system of multi-criteria decision support to help compute the most appropriate
set of energy options to provide enough energy to meet local demands that improve 7
livelihoods is discussed [19]. In this article one introduces the model of the policy of s
aversion to characterize the behavior of the decision maker. [20] discusses decision making 7
for the operation, maintenance and [21] investment planning of power systems in the face 7
of uncertainty. 78

This is a policy to clarify the advantages or disadvantages that are difficult to discover 7
by the present value expected. This is a policy to clarify the before or disadvantages that s
are difficult to discover by looking only at the expected net present value. Risk aversionis &
at the heart of economic and financial thinking [22]. The notion of risk aversion considered e
in this context is different from the more well-known risk, as the product of a probability of s
occurrence of an event by its consequences. s

The risk aversion is a behavior that reflects the desire to avoid any decision of risk, s
and thus which reduces the probabilities of adverse consequences. The model is translated s
by the utility curve which is the expression of the decision-maker’s behavior. Utility values &
are evaluated in such a way that the decision maker’s risk behaviors are automatically s
incorporated into a standardized scale between 0 and 1. Utility is a real-world value of &
the possible outcomes of decisions, taking into account the preferences of the decision- o0
maker. This is a subjective measure of the value of the specific results of the decisions taken, o
or the degree of satisfaction of the decision-maker with the benefits realized [23]. 02

The objective is to model the aversion to the choice of a strategy and/or policy leading  os
to the deployment of renewable energy to reduce the probability of an accidental failure o
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occurring during the operation of the system power supply. This paper is organized as s
follows. Section 2 describes the methodology framework. Section 3 introduced a appli- s
cation of integrating renewable energy. Section 4 presented a sensibility analysis with A o7
parameter. Section 5 conclusion and discussion of this paper. o8

1. METHODOLOGY 99

The methodology is based on the principles and axioms of the existence of the expected 100
utility and takes into account the preferences faced with an uncertain situation based on 10

the assumption. 102
1.1. Assumption 103

In this context assumes that decision makers maximize the expected value of their ios
investment. 105
1.2. Formalization of risk taking 106

The von Neumann and Morgenstern [3] utility theory of choice under uncertainty rep- 1o
resents one of the major pillars of modern decision making science, and plays a fundamental  10e
role in economics, finance, operations research, and other related fields[? ]. Conditions of 10e
the preferences must be satisfied to be represented by an expected utility function. However, 110
the definition of a lottery preference relationship is sufficient in itself to characterize the 11
decision-maker’s risk behavior. Why the expected utility, rather than the expected value, 1
is better the criterion of choice. For there to exist a function u(x) of utility u and of conse- 113
quence x, the relation of preference should check axioms von Neumann and Morgenstern 114
(1944). Let 7, p, g three lottery distributions in which the decision maker must make the s
choice, related to the preference he gives to each of the distributions. The decision maker 16

must check some axioms: 117
*  comparability: 118
o p > p: "pis preferred strictly to g", the related utility function is such that 11
u(p) > u(q)

o p ~ q"pisindifferent to q", so (p > pand g > p) and p T g:"p is preferred or 12
indifferent to q" 122

e Independence and/or substitution: 123
o VpgreLac[01l],p>g=ap+(1—a)r>ag+(1—a)r 128

¢  Continuity: 125

o Vp,g,reLlac|0,1],p>qg>r=ap+(1—a)r>qgandg>ag+ (1—a)r 126
where L is the set of lottery. If the axioms are checked and accepted by the decision-
maker accepts, there is a utility function u :— R, such that VA;, Ay € L(x) where x
is the set of consequences of a decision problem, where L(x) finished lotteries. We note
A = [px(1 — p)y] the lottery to win x with a probability p and y with probability (1 — p).
After comparing two lotteries, the decision maker prefers A; > A;. We deduce A; =
[p1x1; (1 — p1)ya] and Ay = [paxo; (1 — p2)y2]. Formally, there is a u utility function on the
consequence set such that,

pru(x1) + (1= pr)u(yr) > pau(x2) + (1 — p2)u(ya) 1

that is, the utility value difference of A; is greater than the expected utility of Ay. The 127
utility expectations of the winnings of the various lotteries are thus compared with the 12
utility of the expectation of the gains that these lotteries allow, by representing the different 120
behaviors by the utility curves. For probability calculations we rely on Weibull law. It 130
models in many situations and characterizes the behavior of the system. 131
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1.2.1. Utility theory and stochastic dominance 132

The von Neumann-Morgenstern utility theory argues that when the preference rela-
tion > of the decision maker satisfies certain axioms above. Il existe une fonction :R — R,
telle qu’un résultat X est préféré au résultat Y (”X > Y”) if and only if,

E[u(X)] = E[u(Y)] 2
Thus, in effect, a decision making problem under uncertainty for a rational decision maker 1s:
reduces to maximization of his/her expected utility: maxE[u(X)]|X € X. 134
2. Modeling risk aversion in utility theory 135

There are some well-known means of risk aversion in the literature such as mean- 13s
variance, value-at-risk, expected shortfall, conditional value-at-risk, and second-order sz
stochastic dominance [? ][? ]. The purpose of the expected utility model is to search for 13s
the maximum value [14]. The decision-maker’s behaviors are evaluated by his/her utility 130
expectancy (and not his mathematical esteem) [24] Consider a lottery, that is, a probability 140
distribution p; on a set of consequences x; of a die for example from a finite number of 1s
consequences x; € R, knowing that die probabilities are known in advance. Suppose there 1s:
are X; consequences and whose values are represented by x1,xp, - - - , x, attached to the s
probabilities p; represented by p1, p2, -+, pn where 0 > p; > py fori € 1,2,--- N and 14
Y1 pi = 1. The consequences here are monetary sums. 145

Risk aversion is therefore a behavior that is revealed in situations where potential 146
wealth is high but at risk. The terms x; represent the consequences in terms of gain and/or 1
loss and py, p; denote the probabilities of winning and losing respectively for the case of 148
random sorting. The question is how can one model the risk taking? The example below 14
illustrates the case of risk taking where the utility function characterizes the decision- 1so
maker’s behavior when choosing between two perspectives. Or an initial wealth of 50. 151

Two perspectives (lotteries) are possible, L1 and L. Lottery, L1 has a consequence of  1s2
150 with a probability equal to 1. The lottery L, gives a p probability equal to 0.5 of gaining  1ss
a consequence of 300with a probability (1-p) equal to 0.5 of losing with a consequence 1ss
of 0. The decision-maker’s behavior is modeled by the utility function u(x) = x2. Ly is s
a utility of 1 (150)? =22500 and the lottery L, 0.5 * (300)% + 0.5 * (0)? =45000. Figure 1ss
1 below illustrates the risk-taking decision from which the decision-maker’s behavior is  1s7

shown in figure 2 below. 158
L1, 150€
pi=1
- 50€
300€
= p1=0.5
o€
(1-p)=0.5

Figure 1. This figure represents a decision problem in which the decision maker must make the choice according to his preferences.
The choice to be made between a risky alternative and a certain alternative in the lottery perspective of monetary gains

With regard to figures 1 and 2, are we ready to participate in such a lottery? However,
the two alternatives are such that, on the one hand the player can keep his wealth his initial
wealth and refuse to take part in the lottery that could win him easily but that could also
make him lose everything. His gain a certain and therefore without risk. On the other
hand, the player can agree to participate in the lottery to increase his final wealth. The term
decision maker means player, network manager, service,- - - . The proposed model uses the
exponential utility function of the following form (2),

u(x) =1—exp(—A.x) ©)]
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Figure 2. Utility curve
to which is associated the utility expectancy,
E(u(x)) = p1.(1 —exp(—A.x) + pa.(1 —exp(—A.x) 4)
E(u(x)) = pru(l—exp(—A.x)+ po.
(1 —exp(—A.x).u(l—exp(—A.x) (5)

where A is a risk aversion parameter obtained by the ratio between second and first 1o
u”(x) _ Alexp(—A.x)
u(x) ~ Aexp(—A.x)
a coefficient of Arron and Pratt. As a result, the utility can be increasing, (1”/(x) > 0 12
respectively concave with a positive and convex coefficient, (1" (x) < 0 with a negative e
coefficient. the correspondence between the form of the utility function and the behavior of  1es
the decision-maker equation (2) by the term % and we have u(x) = H#(*m 165

We exploit a function is proposed [25] and implemented by [26] where the concave
curve represents the gains and the convex curve for the losses and more steep for losses
than gains. The general form of the exponential utility function used (5) for the strate-
gies/lotteries proposed, allows to define the negative values of costs by determining all the
behavior of the decision maker(5),

u(x) = # [1 —expt (Cmax)(>:| (6)

Cmax

derivatives such that A = — > 0. This constant and positive ratio is e

where C; denotes the different costs in for all policies/lotteries X; such as the vec-
tor X;[Cy,---,Ci]. The expected utility associated with both strategies is defined such

that,
1 A Crnax—E
E =—/(1-— | ==L 7
(50) = T |1 e (stn )| )
and . c
E _ 11— .y max—Ex»
R T 0

where the Ey; are the expected values of the strategies. Let A = E(u(x)),the utility ex- e
pectations E(u(x)) of two policies are determined by maximizing the utility function as 16
follows, 168

. {l —exp ™ (C'g::axci ) ] )
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Table 1. System strategy

Prisk averse | | A=3 | | A=3 |
Strategy ‘ Aq ‘ Ap ‘ A; ‘ A/2 ‘
u(E(x)) 0.9250 0.9674 0.4185 0.4626
E(u((x)) 0.8869 0.9489 0.5278 0.4835

where u(E(x)) and E(u((x)) indicate expected utility and expectation of utility respec- e
tively. In the context of the theory of utility and decision-making in risk situations, the 17
choice is a function of preferences. The decision-maker analyzes the various possible choices 17
and chooses the one that maximizes its utility. In [27] the renewable energy investment 17
problems and formulation are discussed. Let an investor (decision-maker) who wants to 173
invest in renewable energy projects e.g PV panels and the wind turbine for T horizon. At 17
each stage of the project, the investor must make a decision whether to invest or not. The 175
objective is to maximize the return generated by the investment. 176

3. Application:integrating Renewable Energy 177

Investment in energy production from renewable energy technologies can be consid-
ered as an assurance of supply of electricity. The expansion of renewable energy produc-
tion [28] involves decisions to compare the alternatives and the degree of uncertainty [11]
which is presented. Some elements on the taking of Renewable energy integration decisions
are discussed [14]. The context of this application is presented in the choice integrating
renewable energy into the grid as a lottery with a random gain in the form: Lottery is a
probability distribution p; on a set of consequences X; (here the consequences are the costs.

p :proba that grid is working
X =
1—p :proba that grid has at 1 fault

with the degree of uncertainty that results from barriers and economic barriers and tech- 17
niques related to cost and technological immaturity respectively and especially to the 17
production capacity. The terms p and 1 — p indicate the probabilities of good functioning  1eo
and failure of the existing network. p’ and 1 — p’ denote probabilities of smooth operation s
and failure in the case of renewable energy integration. Denote by X, ¢, X. g and X ¢, X, 4, 1s2
network operation and fault and renewable energy integration respectively. The indices d  1s:
and f indicate the fault and the operation. The term R(t) = p represents the probability 1s
that the network has worked without failure at time f and 1 — R(¢) = 1 — p, the probability ies
that the network will know at least one accidental fault. The observation time is 24 hours. 1se

The optimal choice between the two strategies would be the one that maximizes the e
utility expectancy E(u(x)) taking into account the behavior of the decision-maker with s
respect to risk. However, the decision maker’s choice depends on (i) the preferences on  1ss
the consequences in (gain and/or loss). These consequences represent the costs (network 100
fault and investment on the integration of renewable energy),(ii) risk and therefore laws of 102
probability associated with different consequences, (iii) the behavior of the decision maker. 1o2

Two strategies (lotteries) are possibles. One represents the network (with failures and  1e:
the other is the network+integration of decentralized sources (e.g PV and battery storage) 1ss
to increase the production of energy. Figure 3 below represents the two lotteries where 195
the decision-maker must choose between network(if he prefers to use corrective in case 106
of failure), or network+renewable energy(to prevent accidental breakdowns and ensure o7
good operation during peak hours). The values of expected utility and utility expectancy 1es
are shown in table 1 below. 100

Risk taking is a lottery, that is, a discrete distribution of probabilities p; on a set of 200
consequences x;. The utility of participating in such a St.Petersburg-based lottery does not 201
equate with the usefulness of the mathematical expectation of lottery winnings, but with 202
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Choice(l) Different strategies of the system(ll)  State of system (lll) Cost Estmate(V1)

R(t) =p _ X :OpEration e C;
Existing Main Network e
X, | 5

P 1—R(t)=1 _EH X, :Failure R

R(t) =p'_— Xpioperation — (3
\
N o

Existing Main Network -
+ renewable Energy e

X5 g
1—R(@) =1— p,\ ~ X, :Failure

— Gy

[1 [ " vi

Figure 3. Lottery application model

that of the utilities contributed by the winnings. The expectation of rationalization some  zos
choices, but doesn’t account for certain behaviors. 208

The goal is to allow the decision maker to choose between the two lotteries that which  zos
maximizes the expectancy of the utility function. For each of the strategies, are associated the 206
different consequences x; in terms of the monetary costs in which the different probabilities 207
are affected p;. The decision maker makes the decision by comparing the two strategies A; 208
and Aj; according to the one that maximizes its utility. 200

According to the calculation, the utility expectation E(u(x)) is less than the expected 210
utility u(E(x)) for the strategy (A;) such that E(u(Xq, X, X3) > u(E(Xj, Xp, X3) for the =u
A, strategy, expected utility u(E(X) is greater than the expected utility E(u(x)) such that =212
E(u(X1,X2,X3) < u(E(X1,X2,X3). 213

Let X; consequences inlinked to the lottery, X; [0,11400, 22800]. 210

Get the expected values E(u(x)) of two lotteries are [ 7836,and 4411.4] respectively s
with max cost Cay, [25800] taken into account for a given system with the aversion =i
parameter A = 3. Figure 4 below shows the decision maker’s behavior. The mauve color =
indicates the risk-averse behavior for A = 3, while the green color presents the behavior of 218
a decision-maker who has the taste of the risk (predilection) for A = 3. 210

1 T : .
—Taste of risk(lambda=-3)
—Auversion to risk(lambda=3)

0 0.5 1 15 2
Cost x10%

Figure 4. Attitudes towards risk

The decision-making model in risk is based on maximizing the expectation of utility 220
function. The goal is to represent the decision-maker’s behavior regarding risk taking. Two 22
types of behavior are to be distinguished: risk aversion and risk predilection. The behaviors  zz:
of the decision maker are translated by the curves of utility, concave, convex and non- 223
linear. In the following section the sensitivity analysis of the parameter lambda presented 224
(6) to observe the choice of the decision maker and also the curves of utility. 225

3.1. Discussion vs sensitivity analysis with A parameter 226

Two groups of policies are considered with two risk-taking strategies for decision 227
making: network (Aj, Ay, Az, A4) and network+renewable energy (A;,A/z, A;, A;) fol- 228
lowing figures 5 and 6. In each policy/lottery is associated with the consequences X1 =220
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Table 2. Strategy Ay, Ay and A/l, A/2

Prisk averse | | A=l | | =1 |
Strategy ‘ Ay ‘ Ar ‘ A; ‘ A/2 ‘
u(E(x)) 0.8271 0.8421 0.6378 0.6624
E(u((x)) 0.8119 0.8309 0.6637 0.6246

and X4, in such that [0, 1000, 2000] and [500, 1500, 2500] respectively following fig- =2:0
ures 5 and 6. For each lottery there are consequences inand probabilities of good func- =2s:
tioning of the network and the probabilities of having at least one breakdown such =232
as: [0.37, 0.59, 0.04],and [0.9, 0.09, 0.006]. After calculation, we obtain the expected utility = 2a
values u(E(u)) and the expectation of utility E(u(x)) including [0.8271] and [0.8119]for 22
lottery A;with max cost Cmax equal to | 670 | on the one hand and [0.8421] and [0.8309] on  =ss
the other hand associated with the lottery A, with Cmax equal to [600]. 236

We want to observe the choice of the decision-maker and also his behavior in the face 23
of risk taking across the curves of "utilities. Indeed, this sensibility analysis is carried out 23s
thanks to the aversion parameter A, fixed such that A=1,resp.-1 (table 2) and A =2, resp.-2 230
(table 3) 240

A utility curve may include elements(distinct behaviors) of all the curves shown  2a
in figure 5. For A = 2, resp.A = 1, the concave curves attests a decision maker with an 242
aversion to risk. The decision maker prefers to work the network by doing the fix (i.e the = 2e3
network works until it goes down and then take the action to make the fix). 248

ForA = -2, resp.A = —1, the convex curves attest to a decision-maker with a 245
predilection for risk. The decision maker agrees that the network works with the support  2s6
of renewable energy to prevent breakdowns and peak loads. The concave utility curve 2s7
has diminishing marginal utility, is associated with risk-averse behavior (risquophobia), 24s
while the convex curve exhibits an increasing marginal utility reflecting a risky (risky) risk  za0
behavior. The logic behind this is that, in the case of risk aversion, the decision-maker =zso
associates a lower utility with a risky event than an event that provides with certainty the 25
same expected value. Conversely, for a risk-loving decision-maker, the expected utility of a 252
risky event will be greater than the utility of obtaining some expected value. 253

Definition of an appropriate energy policy is essential to guarantee the production  2ss
of quality electrical energy at minimum cost. In most cases, decision-making is complex 2ss
because, in addition to the difficulty of making a choice among others, the decision-maker zse
has to deal with uncertainty. Decision-maker’s decision support tool is presented. The =25
decision-maker’s behavior and acceptability for the investment are discussed to find a  2se
trade-off between renewable generation, investment and operational risks and the eco- =zse
nomic impact. Investing in renewable production is a choice. The decision-maker, whether 260
he or she manages the electricity grid, makes his choice based on preferences, the ap- ze:
pearance of breakdowns/load shedding and cost reduction. This leads to establishing an 2.2
expected utility model by querying the decision maker about preferences, and modeling  zes
the behavior using mathematical utility functions. The choice of the strategy is therefore zes
done by maximizing the expectation of the utility of the decision maker. 265

The presented model can be applied to any strategy, if one can quantify the conse- ze6
quences and their probabilities of occurrence. Choosing under uncertainty provides the 26
coherent framework of rational behavior principles to analyze and guide decision makers’ zes
attitudes to potential loss/benefits. The concave utility curve has diminishing marginal e
utility, is associated with risk-averse (risky) behavior, while the convex curve exhibits an 27
increasing marginal utility translating risk (risky) risk behavior. a1

4. CONCLUSIONS 272

The objective of the work is, knowing the decision maker, the systems (for example the 27
different technologies of energy production) and associated costs as well as the correspond- 274
ing probabilities, to calculate the utility expectancies. The use of expected utility model 275
allowed the construction of utility curves of negative values. Do not integrate renewable 276
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Table 3. Strategy A3, A4 and A/3, A;

Prisk averse | | A=2 | | =2 |
Strategy ‘ Ay ‘ Ay ‘ A; ‘ A/2 ‘
u(E(x)) 0.5201 0.5619 0.8890 0.9045
E(u((x)) 0.8558 0.8572 0.5860 0.5753

Choice(l) Different strategies of the system(ll) State of system (Ill) Cost Estmate(VI) Faults(Vil)

037 — 0€ 0 fault
Main Network 5 —
A .,
1000€ 1 fault
/
Y4
7
// 2000€ 2 faults
o -
N\ 500€ 0 fault
L 1500€ 1 fault
Main Network +
renewable Energy TR
A, =y
\\
0005 ~—  2500€ 2 faults
‘ 1 n m vi il

Figure 5. Sansibility lottery

‘ Choice(l) Different strategies of the system(ll) State of system (Ill) Cost Estmate(VI) Faults(VII)
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Figure 7. Attitudes towards risk(utility curve): The concave utility curve has diminishing marginal utility, is associated with
risk-averse behavior, while the convex curve exhibits an increasing marginal utility reflecting a risky (risky) risk behavior.For A = 2,
resp.A = 1, the concave curves attests a decision maker with an aversion to risk. For A = —2,resp.A = —1, the convex curves attest to
a decision-maker with a predilection for risk.
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production exposes to risk which is reduced by a preventive approach but which entails an
investment cost.

The decision maker finally chooses and above all the hope that maximizes its utility. In
the case of this work the decision maker chooses the strategy by setting the A dislike
parameter to 3 and -3. This is to say that the theory of choice is based on hope. This
expectation is calculated for all the alternatives, i.e the different lotteries, and then we
choose the one that maximizes the expected utility of the final wealth. The results suggest
a differentiation of attitudes towards risk which, in turn, influences a choice of decision

options.
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