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Abstract— In Indonesia one of the very important factor for
economic development is marine fisheries. Besides being the most
affordable source of animal protein in the diet of most people in
the country, this industrial sector could contribute
environmental degradation. This paper addresses a multi-
objective stochastic programming model of the sustainable
production planning of fish processed products. The model takes
into account conflicting goals such as return and financial risk
and environmental costs. The uncertainty comes from the
reliability of financial risk. Starting from it two single objective
models are formulated: a maximum expected return model and a
minimum financial risk (waste penalties) model. We transform
the stochastic programming model into a deterministic
optimization model using covariance approach.
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I. INTRODUCTION

Indonesia consists of thousand of islands. Therefore it is
reasonable that arine fisheries could play as an important role
in the economic development of the country. Another
important aspect besides being a primary source of animal
protein, this industry could provide employment to people
who live at coastal areas. Fisheries industrial sector can be
classified into three different parts, i.c., open sea fishing, fish
cultivation and processed fish. This paper is focusing on the
latter sector. Generally the processed fish industry in
Indonesia can be found at the coastal area. There are a lot of
varieties of fish processed can be produced, such as smoked
fish, salted fish, crunchy bashed of fish, fish bowl, terrain (fish
preserved), etc. The management of fish processed industry is
still dominated by the local small traditional business, using
conventional management strategy. Therefore they do not
have any knowledge of management in handling the
production waste.

In terms of mathematical model production planning
problems can be broadly classified into two classes:
deterministic models and stochastic models. In deterministic
models the data are assumed to be known. When the data of
the model are uncertain, then we have a stochastic model.
Although various human judgment based and quantitative
models have been developed to forecast these variables with
uncertainty such as demand, these deterministic models
typically end up solving “mean-value” or “worst-case”
problems The solution to such “worst-cast” or “mean-value”
problems are often inadequate — large error bounds arise when
one solves “mean value” problems and “worst-case”

formulations that can produce very conservative and
expensive solutions ([2]). Without considering uncertainty, the
deterministic production planning models, though widely
studied in the literature, are less acceptable and deployed in
practice.

In today’s world consumers, companies and governments
have increased their attention towards the environment.
Increased exposure in the media on environmental issues in
conjunction with the escalating increase in the environmental
resources depletion, human toxicity levels and ecosystem
quality deterioration have made our entire society more aware
of environmental damage. Companies, in turn, are investing
more in the assessment of the environmental impact of their
products and services.

Industrial waste handling is the final and critical step for
industrial pollution control. It is also an important issue to
cleaner production and sustainable development. Industrial
eco-systems are the environmental friendly systems for
industrial waste recycling, resembling the food chains, food
webs and the nutrient recycles in natural environment ([10]).
They are much more environment friendly compared to other
waste treatments such as incineration, solidification and
landfill.

In normative and qualitative way, these problems have led
to the concept of trade-offs and efficient frontiers for business
and the environment ([3], [6]). The rationale is to determine
the set of solutions in which it is not possible to decrease
environmental burden or increase total environmental quality
of each environmental category, unless increasing the costs. In
optimization model point of view, this type of problem can be
formulated as a multi-criteria optimization model. However,
despite the extensive existing literature in the field of multi-
criteria programming, there is not much developed on
determining such a frontier or assessing the trade-offs in
sustainable logistics networks. In this paper we intend to
address an approach that is sounded to capitalize the decision
maker’s most effective cognitive capabilities: visual
representation. In order to explore the efficient frontier in
feasible time (for the intractability of determining all extreme
efficient solutions in a multi-objective linear program, see in
[15] and [16].

In every seafood production process, inputs are used to
create a processed product or commodity. Inevitably, some
inputs are not fully used and are released into the environment
in forms that may be considered pollutants or waste.
Whenever the level of waste exceeds the environment’s ability
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to absorb and process these discharges, environmental risks
develop.

Regarding to the importance of the sustainable production
planning of fish processed creates a stimulus for the research
in the mathematical programming model. Refference [18]
propose a multi objective model for solving sustainable
production planning, which take into account environmental
constraints. This is a general production model. Refference
[17] use an optimization model approach to solving
production planning of crude palm oil in order to reduce
fresahwater usage. The production of seafood particularly fish
is a complex problem, due to the influence of processing
variables and environmental impacts. [18} address a model
using fuzzy expert system to solve the problem. Recently, [19]

propose a linear prograsmming model for production planning.

But they do not include environmental factor in their model.

Due to the fact that the sustainable production planning of
fish processed consists of several objectives, such as,
economics, environmental quality and environmental risk, in
this paper we propose a multi objective model for solving
such problem. Further more for the environmental risk we
impose a probability constraint in such a way to make the
environmetal risk reliable. Therefore chance constraint
programming would be the appropriate model for that
situation.

II. MODEL FORMULATION

Fish and its processed products are the most affordable
source of animal protein in the diet of most people. In
Indonesia, most of the fish processed industries are found at
the coastal area. In these industries fish are processed
traditionally. There are eight kinds of fish product to be
produced by the community, namely , dried fish, salted fish,
BBQ fish, pindang fish, smoked fish, fish preserved, pressed
fish, and fish bowl.

The fish processed industry under investigation is located at
the eastern coastal area of North Sumatra province of
Indonesia. The industry run by the community of that area has
to make a production plan for these eight fish processed
products to fulfill market demand.

We formulate the sustainable production planning model of
fish processed that take into account environmental
constraints. A general multi-objective programming problem
is formulated in which the objective functions are the
expected return of the production plan and the penalties for
the case when the cumulative effect of each emission
overcome some environmental levels and the financial risk of
the production plan. The manager tries to find a production
plan that maximize the expected return of it, minimize the
pollution penalties and satisfies the environmental constraints.

Suppose that the traditional plant manager of fish has the
possibility to manufacture eight kinds of fish products, T}, 1>,
..., Iy. For all i =1, 2, ..., 8, denote by ¢; the selling price of a
product of type 7;. Note that all ¢; are random variables. The
manufacture of a product generates none, one or several waste
discharge F, F,, ..., F, and requires p resources R, Ry, ...,
R

P+

Denote by b; the amount of waste discharge F; when is
manufactured a product of type 7; and by c;; the amount of
resource Ry required for manufacturing a fish product of kind
T;. Denote by 7, the maximum availability of resource R.
Note that b; and c; are nonnegative numbers. The manager
wants to invest a sum M of money in the range [M;, M;] in
order to manufacture products of types 7}, T>,...,7,. He desires
to obtain a production plan x = (xi, xy, ..., x,) that gives him a
maximum expected return, a minimum risk for the
environment waste and a minimum financial risk.

In this paper the waste risk is measured by the penalties
paid by the manager for the environment waste. Denote by dj,
the desirable or target waste level for the waste discharge F;.
Denote by dj, the alarm level of waste for the waste discharge
F;. Denote by dj; the maximum acceptable limit of pollutant
for the waste discharge F;. In this case 0 < d;; < dj < dj; for
every j = 1, 2, ..., m. A small overcome of the level d;
represent no danger for the environment. It represents only a
warning that the waste process had already began. A small
overcome of the level dj; represent a warning that the waste
process may have consequences for the environment. An
overcome of the level represents a warning that the waste
process had already produced bad consequences for the
environment and urgent measures must be taken in order to
stop the process.

Let x = (xy, xp, ..., xg) be the output plan of fish plant. Here
x; represents the number of products of fish kind 7}, i =1, 2, ...,
8. Denote by p; the production cost of a product of type 7; and
by ¢; a minimum quantity of products of type 7; that should be
produced. The value of p; are positive real numbers and ¢; are
natural numbers for all i =1, 2, ..., 8. The production cost for

8
the production plan x = (x;, x2, ..., Xg) is equal to a p;x,. We
shall call q = (g1, ¢, ..., gs) the vector of demand. If a is a real
number we shall denote by a; the positive part of a, that is:
|a|+a
2

a, =max(a,0) =

We shall consider that, the environmental penalty paid in
the case the output plan x = (x|, x, ..., xg) is applied is
proportional to the amount of pollutant that overcomes the
waste level. Consequently in the case of waste discharge and
waste level it is equal to

Gjs (E by, = d.iSj

We denoted by a;, the proportionality factor from the
environmental penalty. The overall environmental penalty will
be in this case

2 m 8
SH(x)= El _El aj (iz_:l byx; —d, j (1)

The idea of considering a desirable waste level and
environmental penalties proportional to the amount of
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pollutant that overcome the waste level goes back to [18]. The
manager must take into account environmental constraints. In
our paper we shall consider constraints that impose some
bounds on the expected amount of waste discharge:

j=12m @)

Here we denoted by dj4 a number smaller or equal than djs. It
measures the aversion against a polluted environment. The
smaller is dj, the cleaner will be the environment. We shall
denote by E; the set of all nonnegative vectors x = (xq, xp, ...,
xg) having integer components that satisfy: the inequalities x; >
gq; for all i, the environmental constraints (2) and the resource
constraints

€)

Denote by o;; the covariance of the random variables and
let C = (c;) be the covariance matrix. We shall define the
financial risk of the production plan x as the variance of the its

8
return Zlcl.xl. . One can easily see that

8 m

8
Var(gl cixij =X Yo,xx, =x Cx

i

In order to use efficiently the sum available, the manager
tries to find a production plan x = (xi, X, ..., xg) such that it
will bring a maximum return, it will minimize the overcome
of the waste levels and the financial risk and it will allow him
to comply with environmental restrictions.

In order to find such a plan the fish plant manager must
solve the following multiobjective programming problem:

max [%(E[ci] - pl.)xl}

—djs) s=12; j=12,..,m;
(S) *

There are several approaches for reducing the above
problem to single objective programming problems. Two of
them are presented in the following.

A. A Minimum Financial Risk Model
In the minimum financial risk problems the manager tries
to minimize the financial risk taking into account the
following restrictions:
e The production plans satisfy the environmental and
resource conditions (2) and (3), that is x € E.

e The sum M invested in the production plan is in the
range [M,, M;)].
o The expected return of the production plan is greater
than a given value W.
The model is the following:

@)

8
M, Slel.xl. <M, xek

Here W is the parameter that controls the expected return of
the production plan and v is the parameter that controls
monetarily the penalties paid for pollution.

B. A Maximum Expected Return Model
In the maximum expected return problem the manager tries
to maximize the expected net return taking into account the
following restrictions:
e The production plans satisfy the environmental and
resource conditions (2) and (3), that is xeFE|.
e The sum M invested in the production planning is in the
range [M,, M;)].
o The financial risk is smaller than a given value ©

max E(E[c"] -, (x)}

(O,) X2 s 0,%X; ST

Now the problem (Q;) and (Q,) are single objective
programming problems.

III. STOCHASTIC MODEL

The parameters v and W in constraints problem Q
represent the uncertain parameter of our problem. If we ignore
the uncertainty and replace these random quantities by repre-
sentative values, such as their mean values, we can solve a
deterministic problem DP to obtain a simple solution for this
problem. This deterministic solution will be helpful as a
benchmark. There are two other ways to handle uncertainty
that for this problem lead to the solution of a single
deterministic problem (DP): chance constrained programming
and robust optimization. The solution of this fish processed
production planning problem through other methods of
representing uncertainty, such as stochastic programming and
Markov-decision processes require more involved solution
procedures and will not be explored in this paper.
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In chance constrained programming (CCP) we assume that
the parameters v and W are unknown at the time of planning
but follow some known probability distributions. We assume
they are uniformly and independently distributed. We let ap
and a7 represent the confidence level of the chance constraints
defining the unmet demand at each node and the arrival time
of each vehicle at each node respectively. Thus, the
constraints with stochastic parameters must hold with these
given probabilities. For a given distribution on v and W we
can rewrite the constraints in the chance constrained fashion
with levels a, and a, as follows:

Plfj(x)<v]21-a,

P[Z(E[ci]_pi)xi = W] Zl_ar

i=1

A. Chance-Constrained Programming
A generic chance-constrained optimization problem can be
formulated as

mi)l(l f(x) subjectto Pr{G(x,£)<0}>1-¢, 4

where X < R" represents a deterministic feasible region,
f:R" — R represents the objective to be minimized, & is a
random vector whose probability distribution is supported on
set ZcR", G: R"xR? — R™ is a constraint mapping, 0 is
an m-dimensional vector of zeroes, and £ € (0, 1) is a given
risk parameter (significance level). Formulation (4) seeks a
decision vector x from the feasible set X that minimizes the
function f{x) while satisfying the chance constraint G(x, §) <0
with probability at least 1 - &. It is assumed that the
probability distribution of & is known.

In this case, we require that the reliability requirement be
applied to all facilities jointly. One could also consider the
individual chance constraints Pr{&;, <x;} >1-g¢;,i=1, ..., n,
applied to each facility separately. This leads to a much

simpler problem, since Pr{&, <x,} >1—g¢; is equivalent to

F'(x)>1-¢, , where F; is the cumulative distribution
function (CDF) of &. Note, however, that in order to ensure
the joint chance constraint by enforcing the individual chance
constraints, the corresponding risk parameters g should be
considerably smaller than especially when 7 is large.

The approach for solving the problems in which it is
assumed that the distribution of & is such that checking
feasibility is easy, and the resulting feasible region is convex.
A classical example of this case is when G(x,&)=v—-&Tx

and & has a multivariate normal distribution with mean ¢ and
covariance matrix X. Then for € €(0, 0.5),

{xeR" :Pr{foZV}Zl—g}z

{xeR" v— ! x+z Nx"Ex SO},

where z; = ®'(1 - ¢) is the (I - &)-quantile of the standard
normal distribution. In this case, under convexity of X, the
chance-constrained problem reduces to a deterministic convex
optimization problem.

IV. CONCLUSIONS

Managing business environmental risk in sea food industry
consists of making the production process more efficient in
such a way as to limit its environmental consequences while
increasing profitability. In this paper we present a multi-
objective stochastic programming model for managing
business environmental risk in a fish processed production
planning under uncertainty in demand which consists of
making the production process more efficient in such a way to
limit the impact of environmental consequences and to meet
the investment risk (perceived risk), and then we propose a
chance constraint method for solving the problem.
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