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ABSTRACT

Energy mandate is growing swiftly because of developments in the agricultural, industrial, and commercial sectors. Better
life style and population rise are other reasons for the upsurge in energy demand. The consumption of commercial energy sources is
increasing vastly; this will certainly lead to a tremendous amount of ecological contamination and global warming, because of the
greenhouse effect. Energy system models are thus useful, as they depict immensely complicated systems that are beyond the ability of
the human brain to comprehend and understand. These models can be used to perform comprehensive calculations and system
analyses. They can help identify market subtleties and reveal system dynamics that would otherwise have gone unobserved. This
emphasizes the importance of energy modeling. Optimal electricity allocation model is being analyzed in this paper.
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INTRODUCTION

Almost all of the developing countries address the energy issues which are the need of the hour. The great dependency on
old-fashioned sources of energy which supply more than 85% of total energy causing quick deforestation, shrinking soil fertility and
especially huge pollution. Therefore a hefty sum of data is essential to define their associations, and several implements are necessary
to scrutinize different concerns and to attain a variety of results that are wanted for the planning process. Apart from the outstanding
growth in population, the prodigies of current technology have heightened the objectives of the people for an improved class of life.
One of the catalogues of improved class of life is per capita energy consumption, which has been climbing steadily for the last few
years. The overall result of this has been that the demand for energy has grew multifarious and it could be no longer pleased by the
conventional energy technology using very less local resources. Energy planners and government officials had already proposed
energizing the countryside areas on lines identical to developed countries. They had hoped that energy models could be developed for
the efficient energy planning, forecasting and optimization of energy sources. Models have become standard tools in energy planning.
In recent years, considerable efforts have been made to formulate and implement energy planning strategies in developing countries.
Appropriate methodologies for conducting energy surveys to estimate and project sectorial useful energy requirement are evolved.
Overview of optimal electricity allocation model (OEAM): Jebaraj et al developed Optimal Electricity Allocation Model (OEAM)
by incorporating carbon tax constraint, which helps to reduce the emission level and also considering new energy technologies such as
biodiesel, solid waste, cogeneration, Ocean Thermal Energy Conversion (OTEC), tidal, geothermal, mini hydel, fuel cell and MHD.
The model optimizes the level of power generation through existing commercial energy technologies and new energy technologies
based on objective function and constraints. In other models, the new energy options such as biodiesel, solid waste, cogeneration,
Ocean Thermal Energy Conversion, tidal, geothermal, mini hydel, fuel cell and Magneto hydrodynamics (MHD) and the carbon tax
factor were not considered This model facilitate the effective utilization of energy sources for power generation in India with special
consideration given to environmental factors such as emission and carbon tax.
Fuzzy Linear Programming: In many practical situations, it is not reasonable to expect that the constraints or the objective function
in linear programming problems be specified in precise, crisp terms. In such situations, it is desirable to use some type of fuzzy linear
programming. In general, fuzzy linear programming problems are first converted into equivalent crisp linear or non-linear problems,
which are then solved by standard methods. The results of a fuzzy linear programming problem are thus real numbers, which
represent a compromise in terms of the fuzzy numbers involved. In the current paper, efficiency, emission and carbon tax were
considered as fuzzy linear constraints. These constraints have linguistic variables rather than exact quantitative variables to represent
imprecise concepts. The membership function used in the fuzzy linear programming model characterizes the fuzziness in a fuzzy set.
The data for constraints such as efficiency, emission and carbon tax were not available in single value. But they were available in the
form of specific ranges. Hence, it was identified to use the fuzzy logic concept for these three constraints. In addition, it was identified
to use the trapezoidal shaped membership function. The intuition method was used to assign membership function to fuzzy variables.
The Matlab code was generated to solve the fuzzy linear programming. Input values such as unit cost of power generation from
different energy options, the predicted energy demand for the year 2020, the potential of the various energy sources, the efficiency of
the various energy systems, the emission released from the different power plants and the carbon tax imposed for the carbon emission
were fed into the fuzzy linear program. The program first converts the data into fuzzified values and the solution was arrived at. This
solution was then defuzzified to get the actual output of the program. The model was executed for the electricity distribution to meet
the energy demand in India for the year 2020.The Matlab code generated to solve the fuzzy based linear programming problem was
programmed in such a way that it could solve the problem with any number of variables in the objective function. In addition, it is
possible to solve problems with any number of fuzzy linear constraint equations and variables.
Inclusion of Variety of Energy Choices: There are almost twenty energy options considered in the Optimal Electricity Allocation
Model (OEAM). There are various energy choices for power generation. There are twenty different energy systems, namely coal,
diesel, gas, nuclear, hydro, wind, biodiesel, biomass gasifier, biogas, solid waste, cogeneration, ethanol, solar PV, solar thermal,
OTEQC, tidal, geothermal, mini hydel, fuel cell and MHD, which were considered in the model for the allocation of electricity to meet
the gap of electricity demand and supply for the year 2020. The model optimizes and selects the appropriate energy options for power
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generation based on factors such as cost, potential, demand, efficiency, emission and carbon tax. The objective function of the model
is minimizing the unit cost of power generation. The other factors were used as constraints in the model.
Variables in OEAM

1.

Cost factor
Since India is a developing country, the unit cost of power generation is very important from the economic point of view.
Renewable energy systems have typically higher capital costs than fossil-fuelled systems, since all the fuel, equivalent over the
useful lifetime is purchased at the beginning of the system life.
Potential factor
The comprehensive understanding of local conditions throughout the world, will take extensive effort, but each country
has indigenous energy resources that should be understood as part of the national or regional energy planning. Even though an
abundant potential of solar, wind and biomass energy are available in India, factors like energy content of the resources,
intermittent nature and technical feasibility would decide the quantum of electricity utilization from different energy sources. In
this OEAM model, this was considered as potential constraint.
Demand factor
The recent Energy Policy review concluded that renewables offer considerable potential for displacing conventional
energy sources, and in some cases, was already competitive with them, in addition to offering environmental advantages. This
emphasized the need to make detailed studies at the country level, both to estimate the potential of each energy source, to meet the
future demands, and to highlight environmental and socioeconomic benefits.
Efficiency factor
Efficiency’ means a level of performance that describes a process that uses the lowest amount of input to create the highest
amount of output. Efficiency relates to the use of all inputs in producing any given output, including energy. The efficiency factor
plays a major role in the selection of energy systems for power generation. Necessary research and development is required to
increase the efficiency of commercial energy systems.
Emission factor
The emission factor is very important from the environmental point of view. The emissions released by the power plants
are usually Green House Gases (GHG) that led to an increase in global warming. Also, it affects the health of the people living in
and around the location of the power plants. Moreover, the increase in emission levels lead to ozone layer depletion. The need of
the hour is to curtail the emissions released by the power plants. Since the emissions are mainly from the fossil- fuelled power
plants, these plants should be replaced with renewable energy based power plants to some extent.
Carbon Tax factor
Emissions of Green House Gases (GHG) are thought to be a serious threat to the well-being of humankind and other life
on earth. The principal culprit is CO,, generated largely by the extensive use of fossil fuels for power generation. The CO;
concentrations in the atmosphere have risen from 285 ppm in the beginning of the industrial revolution to around 370 ppm today,
and are still rising. Carbon tax is the tax on CO, emissions from major energy sources, and in particular, from the burning of coal,
oil and natural gas, unless the CO- released from such plants is prevented from entering the atmosphere through sequestration. The
eventual rate of tax should be calibrated to the desired reduction in CO; emissions. The tax would thus discharge the use of all
fossil fuels relative to alternative renewables. The tax rate should be set high enough to reduce CO. emissions significantly.

Mathematical representation of the Model

The mathematical representation of the Optimal Electricity Allocation Model (OEAM) is given in the following equations:

Where
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Number of energy systems for power generation = 20
Number of system in respective resources = 20
Energy demand (GWh)
Resources
Potential of sources (GWh)
Emission constant (g/GWh)
Target emission level (g/year)
Carbon tax (Rs/ton)
Projected carbon tax in 2020 (Rs/ton)
Quantum of energy (GWh)
various energy systems
Power generation
Among the five constraints considered in the model, efficiency, emission and carbon tax were considered as fuzzy linear
constraints, while demand and potential were considered as linear constraints. Here, constraints such as efficiency, emission and
carbon tax do not have crisp values and hence they were treated as fuzzy linear constraints. On the other hand, potential and demand
were considered as ordinary linear constraints since they have exact values.
RESULTS
Predicted electricity allocation pattern for 2020: The input values were fed into the fuzzy linear programming and the model was
run for the electricity distribution in India for the year 2020. Results were found to be as follows.

>

Commercial Energy Sources - 68 %

Hydro based power generation 191100 GWh 44 %

Nuclear power plants 85400 GWh 20 %

Coal-based power plants 15800 GWh 4%

Renewable Energy Sources - 32%

Biomass gasifier based power generation 45520 GWh 11 %

Wind based power generation 22400 GWh 5%

Biogas plants 14112 GWh 3%

Solid waste 8,400GWh 2%

Cogeneration 33600 GWh 8%

Mini-hydel plants 11970GWh 3%
DISCUSSIONS

According to the model results, renewable energy based power plants have to play a vital role in the near future. The
research and development activities have to be promoted in order to improve the system efficiency. The government should take
necessary initiatives to frame viable energy policies. The unit cost of power generation for renewable energy based power plants
could be reduced by large scale installations.
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