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1 Introdution

Today’s supply chains, industrial and logistical systems are very complex.
If decision making relies solely upon best practices and intuition, resources
and time can easily be wasted and profit may be lost. Computational tools
for optimization are required to find the best possible design and/or oper-
ation of a process. These tools are not only useful for economic purposes.
Sustainability is one of the most important challenges for humanity today.
Inspecting processes in a sustainability point of view can pose new goals and
constraints. These can be incorporated into the optimization procedures,
which can enhance the consideration of such aspects in decision making.

During my research I was part of several projects of economical or sustain-
ability purposes. My goal was to design optimization methods, for particular
purposes but as general as possible. These methods are intended to be useful
for decision making, but were also designed keeping in mind to provide a basis
for developing even better methods in the future. There are two main direc-
tions in which significant results were obtained. The first direction is energy
consumption optimization at local scale, for which an optimization model
was developed. Furthermore, I also managed to extend the theory of the
applied optimization framework, the P-Graph framework, with a new tech-
nique relying on the concept of operations with flexible inputs. The second
direction is the cost-efficient management of mobile workforce, for which an
algorithmic framework based on mathematical programming was proposed.

2 Methods and approaches adopted

The obtained results required a complex knowledge of the following.

• Synthesis of process networks via the P-Graph framework, correspond-
ing optimization algorithms, in particular the Accelerated Branch and
Bound method, and modeling techniques with P-Graphs, in particular
the multi-period modeling scheme.

• Efficient design of mathematical programming, in particular Mixed-
Integer Linear Programming models, their development, implementa-
tion and solution, and the design of heuristics based on such models.

• A wide range of literature examples taking into account similar goals,
case studies, or modeling techniques and tricks as needed in this work.
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3 Major results and summary of accomplishments

My new scientific results can be summarized in the following three theses.
Each of these are detailed in the dedicated chapter of the PhD dissertation.

Thesis 1. A P-Graph model was developed and its effectiveness demon-
strated, for the purpose of energy supply optimization involving several
biomass types and solar power generation as alternatives to purchasing nat-
ural gas and electricity, on the scale of a manufacturing plant. The model
can be easily adapted to similar energy supply optimization problems.

Related publications: [S2], [S3].

T1.1. New operating unit models were proposed for the pelletizer and bio-
gas plant equipment units, which allow flexible, independent inputs
of several biomass types at the same time. In the PNS implemen-
tation of the models, capacity is calculated based on mass, which
is different than heating value. This results in a more accurate
model, which was demonstrated in the case study of the manufac-
turing plant.

T1.2. A multi-period extension of the model was performed, which rep-
resents seasonal solar power supply and energy demands more pre-
cisely, by the distinction of two periods: winter and mid-year. Re-
sults from solving this model indicate that biomass and solar power
utilization can be economical, but a long investment horizon was
needed in this particular case study.

Thesis 2. A new modeling technique for the P-Graph framework was pre-
sented, which allows operations with flexible inputs and arbitrary linear con-
straints on input composition to be modeled purely as a PNS problem and
solved directly by existing algorithms like ABB for P-Graph models.

Related publications: [S4], [S6].

T2.1. Nine scenarios were considered, representing different modeling
goals for input composition and constraints. P-Graph models were
provided, and possible solution structures were investigated. The
final scenario allows independent inputs with arbitrary linear con-
straints on the input amounts. The importance of flexible inputs
and the applicability of the proposed method were demonstrated
on two case studies involving pelletizer and biogas plant models in
a manufacturing plant, and fermenter models in a rural biomass
supply chain.

Thesis 3. A new method was developed and tested for solving mobile work-
force management problems. This approach can handle several problem char-
acteristics at once. The method is based on an MILP model which can be
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solved either in a standalone way or as part of an algorithmic framework
which is capable of providing heuristic solutions for larger problem instances.
The capabilities and limitations of both methods were investigated through
a set of tests.

Related publications: [S1], [S5].

T3.1. An MILP model was developed which solves the mobile workforce
management problem specification. The novelty is that a slot-based
modeling technique was used, and a range of problem characteristics
are covered including packing and unpacking times, time windows,
resource and task relationship constraints.

T3.2. An algorithmic framework was developed which uses a modified
version of the MILP model to heuristically add tasks to the exist-
ing schedule until a final solution is obtained. This method does
not guarantee the optimal solution unlike the standalone MILP ap-
proach, and has other limitations, but succeeds in providing feasible
solutions near the optimal in an acceptable amount of time, even
for large problem instances.
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4 Application of the scientific results

The P-Graph model for the energy consumption optimization case study can
be used in general for optimization of energy supply in similar scenarios.
Different energy sources can be taken into consideration using the methods
presented for solar power and biomass-based biogas production, particularly
where there are several possible input materials shared among a few tech-
nologies. The multi-period modeling scheme can be applied in scenarios
where total demand and/or total supply fluctuate significantly, as heating
requirements and accessible solar power do in the model.

The general method of modeling flexible inputs with arbitrary linear con-
straints in the P-Graph framework can be used in model design for particular
problem instances, as it was shown for the energy supply optimization case
study. Besides supporting decision making in particular cases, the work is
also intended to encourage development of modeling techniques for the P-
Graph framework. The presented method is capable of modeling a wide range
of operations in the future, in which there are several different inputs that
can be used up in arbitrary ratios. If the connection of inputs to outputs,
and the restrictions on inputs can be described with linear constraints, then
a general modeling method is offered. This method, unlike previous efforts,
is purely a P-Graph-based solution, for which existing solution methods like
the Accelerated Branch and Bound algorithm, and existing software like the
P-Graph Studio is directly applicable, without the need to manually tamper
with the procedure or use external tools.

The Mixed-Integer Linear Programming model proposed is a novel, gen-
eral model for mobile workforce management, solving a problem formulation
with a wide range of problem features. The model is applicable directly on
scenarios for which the description is covered by the problem formulation.
The algorithmic framework provides another option than using the MILP
model alone. It can be used to find heuristic solutions in acceptable time,
for much larger problem instances. The model was designed with the inten-
tion of algorithmically manipulating its solution procedure, and therefore to
encourage the research of other possible solution algorithms.
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