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1. INTRODUCTION

The global demand for energy has increased strongly in the last decades due to the industrial
revolution and the change of lifestyle. On the one hand, the reserves of fossil resources (oil, natural gas, coal)
are limited, and on the other hand, the use of these resources is responsible for the increase of greenhouse gas
(GHG) concentrations in the atmosphere, leading to global warming [1]. Among the solutions adopted to
ensure an energy transition to non-polluting and reliable energies, we find the cogeneration units that help to
approve the demand for electricity and heat during peak periods with a total efficiency that exceeds 80% [2],
[3], which will significantly reduce the electricity purchase bill following a decrease in the amount of
electricity purchased from the supplier. It is a technology that can work with several types of fuel and is
independent of climatic conditions [4], [5], unlike other renewable energies that are intermittent, such as solar
and wind power [6].

Optimization of power generation sources is becoming a critical necessity in order to increase the
efficiency of the generation system while minimizing losses and emissions of pollutants [7]. An optimized
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generation system is one that allows for a shift from a demand-driven generation system to one based on
electricity supply, feed-in tariffs and electrical energy storage [8]-[10].

This work is structured by two parts: the first part proposes a statistical modeling of a cogeneration
system, which allows the determination of the net heat requirement, determination of the thermal and
electrical power according to different criteria: combination of a minimum cost of the system for a requested
power in order to better meet the requirements, while taking into account the place where they are installed
and the construction costs according to a worst case mission profile. The second part is dedicated to the
adaptation of an intelligent optimization strategy to manage the energy distribution of the different
cogenerators installed in an electrical grid, which must satisfy the needs of consumers while respecting the
various constraints related to the operation of the production sources (maximum power, total efficiency,
energy losses) [11].

There are several optimization methods of energy systems applied for the objectives of minimizing
the operating cost and the emissions of pollutants [12]-[14], but these methods may have some limitations
when solving an objective function and may not be applicable to some complex functions. A new solving
method has been developed that can overcome these limitations and is more robust, called genetic algorithm
(GA) optimization, it is a powerful method with strong adaptation in artificial systems, flexible, well-
balanced mechanism and is suitable for solving a single objective optimization problem (production cost
optimization, optimization gas emissions) in which the power grid is fed by the cogeneration plant.

2. RESEARCH METHOD
2.1. Studied energy production grid

The objective of the expected statistical model is to have a tool to help the dimensioning and the
evaluation of the efficiency of a cogeneration unit from an energetic, environmental and economic point of
view. This model should ideally be able to predict the behavior of any type of cogenerator, and be easily
parameterized, depending on the optimization algorithms developed. The Figure 1 shows the structure of the
energy production system constituted by cogenerations fed by different types of fuel.
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Figure 1. Overview diagram of the production system

2.2. Statistical model of a cogeneration group

A statistical model is based on field measurements (daily, monthly, and annual energy consumption
profile). These models are empirical and do not require a precise knowledge of the system components or
their interactions [15]. For a cogeneration unit this model takes as input the probability densities of fuel
supply (fuel) and power demanded by the consumer load. They provide probabilities of fuel savings and
other data useful for economic-financial evaluations (maintenance costs, price per KWh produced,
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contribution to CO, emission). Noting that these models are difficult to transport from one site to another and
do not allow for specificities such as energy storage or energy flows through the system to be taken into
account [16].

2.2.1. Determination of the net heat requirement

In the majority of cases, to obtain a cogeneration that makes the most of the energy produced, the
unit is sized according to the heat requirements, as the electricity produced can always be either consumed
internally or sold to the grid via a device for synchronization to the electrical grid [17]. At this stage, the net
heat requirement (BNeC) must be deducted, which is expressed by (1):

BNeC = Npoiler room- (Q - LOSSES) (Kwh/year) (1)

with mpoiler room: DOIiler room energy efficiency, Q: annual fuel consumption, and Losses: energy wastage due
to poor insulation or poor regulation.

2.2.2. Determination of the electrical power of the cogeneration unit

Each "typical profile” of heat consumption corresponds to an optimal size to meet this essential
constraint "valorizing all the heat produced”. The energy profiles can be influenced by different parameters:
seasonality, geographical location, consumer behavior, technical restrictions [11], [17]. This optimal size is
expressed by the factor Partcogen, Which represents the share of the maximum heat consumption that can be
provided by the cogeneration unit. The thermal capacity of the cogeneration unit:

p __ BNeC. Part;ogen
Qcogen — U
Q

(KWy) @

where Ug: the number of hours that a properly sized conventional heating system should operate at rated
capacity to produce the net heat demand.
The amount of heat supplied by the cogeneration unit is:

Qcogen = PQcogen- Ucogen (Kth) (3)

the two parameters of the pre-dimensioning, Ucogen and Partcogen, are thus known, with the Ucogen is the base of
the rectangle, represents the operating time of the cogeneration unit at full power. The annual quantity of
electricity produced by the cogeneration becomes:

Ecogen = PEcogen . Ucogen (KWhe) (4)

2.3. Optimization of the energy distribution of the studied grid

In the literature a number of methods for the optimization of energy flows [18]-[20]. For all
methods it is necessary to have a consumption profile during a reference period in order to make a calculation
of energy balance at all levels of the system. The energy produced by the grid must adjust in real time to the
consumption of users, depending on the power capacities, characteristics and potentials of the technologies
used [21], [22]. The optimization problem of our case study "the objective function" is the constrained
minimization of the total discounted operating cost and the minimization of the toxic gas emissions.

2.3.1. Problem statement and constraints
— Cogeneration system (CHP): The electrical energy produced by the cogenerator set noted Pcup (t) will be
used to meet the demand and n__, is the electrical efficiency of the conversion of the fuel into usable

electricity, and Pcwe (t) is the total energy produced including electricity, heat and losses.
Peup () =My _cyp- Ponp’ (O (5)
— Supply/demand energy flow balance: The energy production system is designed to supply a complete
electrical load noted P(t), with P¢(t) the total electrical power supplied by the studied grid. At each time

interval t the balance is expressed as in (6):

LP®O=0 ; P,®O-P®=0 (6)
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— Type profiles of an electrical load: In our case, we have adopted the data of electrical energy
consumption of a collective building, considered has a surface of 500 m? during a day (24 hours) of basic
test, with a step of one hour. Figure 2 shows the daily curve of electricity demand during the winter
season.
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Figure 2. Demand energy data in KW

2.3.2. Optimization of the fuel cost function
The operating cost for each cogeneration unit for the different fuels used is usually modeled by an
objective function in second degree polynomial form in power output [23].

6 6

Crotar = ;(Ci) = ;(ai +Bi.Pi+vi.P?)  [$/h] -

Where a;, B;, v; are constant coefficients specific to cogenerator i.

To solve the problem of economic optimization of the production of electrical energy, i.e. to
minimize the total cost of the fuel necessary for this production, which is presented in the form of a non-
linear function, taking into account certain constraints of type equality and inequality. For the six
cogeneration groups, the power output (Pcuei) is bounded by an upper limit (Pcrpi- max) and a lower limit
(Pchri- min), Which gives the inequality (9):

6
in Gy = min ) (@ + fi. Py + v P)IS/A]
®)

Pcup-min < PcHp-i = PcuP-max 9)
with i=1, 2, ...6.

2.3.3. Optimization of the toxic gas emission function

In the first case study, we dealt with the problem of optimizing the emission function of toxic gases
to the environment, on a first test grid of 6 production units. This first case is devoted to the analysis of the
problem of the emission of toxic gases based on quadratic emission functions for the gases (NOx, COx, SOX)
treated individually and non-linear type for the case treated together, the technical characteristics of the
production units are presented in Table 1. For this problem, the formulation is the same as the fuel cost but
one needs to replace the cost coefficients with emission coefficients.

4 4
B = ) () = ) (Ag+ By P+ Ci.P)
i=1 i=1 (10)
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Table 1. Specifications for the CHPs units

Fuel cost NOXx emission parameters ~ Cox emission parameters ~ Sox emission parameters

CHPN Bi Yi A Bi Ci A Bi Ci A Bi Ci

CHP, 200 795 0.0016 81 -0.39  0.0064 5000 -62 0.27 52 6 0.0013
CHP, 190 7.82 0.0025 30 -0.81 0.0065 3900 -30 0.15 185 4 0.0025
CHP; 150 7.97 0.0031 300 -1.42 0.0032 1350 -10 0.11 510 5 0.0015
CHP, 170 7.75 0.048 550 -2.41  0.0070 1900 -13 0.11 170 6 0.0082
CHPs 180 7.85 0.040 320 -1.35 0.0032 1350 -10 0.12 515 5 0.0014
CHPs 100 7.92 0.050 50 -0.38  0.0062 1200 -120 0.40 125 5 0.0041

2.4. Optimization by a genetic algorithm

When solving an objective function by traditional optimization methods one can be limited to local
maxima (or minima), so these methods are not applicable to some complex functions. To solve these
problems a new optimization method has been developed that can overcome these limitations; called
population-based genetic algorithms find near-optimal solutions to difficult optimization problems [24], [25].
Genetic algorithm (GA) is an optimization technique based on the principle of natural selection for
reproduction and for various other operations such as crossover and mutation [26]. Genetic algorithms aim to
define an approximate solution to an optimization problem in a reasonable time, when there is no exact
method to solve it or the duration of the computational phase is too long on the human life scale [27].

In order to optimize a problem with an unknown solution, a set of possible solutions is randomly
generated. This composition is called "the population" [28]. The variables in a GA are then used in gene
sequences that will be combined with other genes to form chromosomes, and then individuals [29]. Each
solution is represented by an individual; this individual is evaluated and then classified according to its
similarity to the best solution to the problem. As in biological systems, the best individuals in the population
are those that have a better chance of reproducing and giving some of their genes to the next generation. A
new population (generation) will be created by arranging the genes of the parents [30]. Some individuals in
the new generation have the best characteristics of both parents, so they will be better and present a better
solution to the problem.

3. RESULTS AND DISCUSSION

In order to evaluate the performance of the algorithmic optimization method, we adopted a test
system with 6 cogeneration units powered by different fuel types. The objective functions of our system
(operating cost, toxic gas emission) of each cogeneration unit are chosen as a quadratic function. The
proposed method for optimization by an AG was implemented in MATLAB. The code represented by the
binary format is 16 bits long for each generator. The distribution of the energies of the CHPs: in this case, we
applied our optimization program to a mono-objective minimization of the objective functions: operating cost
and gas emissions.

Figure 3 shows the optimal energy distribution of the six CHP units to meet a specified demand.
This distribution corresponds to the lowest possible operating cost of the system. At this point the simulation
results obtained under ToolBox/MATLAB concerning the minimization of the cost function are optimal
values respecting the equality/inequality constraints of the powers generated by the six CHPs. Figures 4-6
give an acceptable result of the minimization of emission functions as a function of the power generated by
the cogeneration units.
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Figure 3. Repartition with minimization of the Figure 4. Repartition with minimization of NOx

operating cost
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Figure 5. Repartition with minimization
of COx emissions

Figure 6. Repartition with minimization
of SOx emissions

The graph in Figure 7 gives the final value of the optimal operating cost optimized for a power
demand of 130 KW is obtained equal to 990 dollars (minimum in this case). And the 2nd one at the bottom
shows the number of the best individuals corresponding to each variable of the function. For NOx, COx and
SOx emissions are shown in Figures 8, Figure 9, and Figure 10, the optimal values obtained are 1331, 14700,
1557 (Kg/h) respectively, which are acceptable results of the minimization of the emission functions.
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Figure 9. COx emission optimization
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Figure 10. SOx emission optimization
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4. CONCLUSION

The present work is a contribution to the optimization of the energy distribution of an electrical
network constituted by cogeneration groups by applying a new meta-heuristic algorithm, called genetic
algorithm, whose objective functions is to minimize the total cost of operation of the system as well as the
toxic gas emissions. The results obtained by simulation show economically acceptable performances, with a
strict respect of the technical conditions at the active power produced.

In the continuation of this research work, it is necessary to improve the studied power generation
system either from the point of view of modeling the cogeneration units and from the point of view of
optimization by using genetic algorithms. These improvements must also take into account the load losses in
the CHPs. In order for the algorithm to be fully self-adaptive, it is essential to incorporate an economic model
to account for fuel costs, energy sold into the power grid, and maintenance costs. In this way, it might not
even be simply static, as is currently the case, but evolve with research progress.
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