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Abstract - The recent changes undergone by the model of the
Brazilian electric sector have introduced important
competitive mechanisms between the plavers, both on the
side of the demand. as well as on that of the offer. The free
contract negotiation between energy distributors and
consumers has brought about new ways of energy trading.
Thus, those consumers, who produce part of the energy they
use have the following options: sell the exceeding portion of
the energy, buy a specific amount of energy they routinely
need, or even, contract backup energy to be used, should
their own production systems fail. A successful negotiation
of these actions will determine the feasibility of the
generation plant.

In this new environment, calculating the costs and benefits
of the cogeneration facilities, which produce heat and
electric energy for industrial processes, becomes extremely
important and complex.

This is because such costs and benefits are highly dependent
on the following: the behavior of the energy market, the heat
and electricity demands of the industrial process itself and
the availability of the facilities involved, which may even be
run by the National System Operator.

This text presents a model for the technical, economic and
commercial assessment of thermal generation plants, owned
by consumers. This model is able to simulate the expected
behavior, assessing the involved risks, benefits and costs. In
different scenarios, the model simulates the following: a)
total plant availability; b) the needs for supplementary and
backup energy to be contracted; ¢) the needs of buying
energy in the market; d) the values to be contracted for the
use of the local utility grid; e) the annual energy expenses; g)
the revenues from the sale of electric energy, steam and hot
gases; i) the economic and financial feasibility indicators
with and without financing, as for example: project cash
flow, payback, net present value and internal rate of return,

INTRODUCTION

The evolution of the electric energy sector in Brazil has
offered new opportunities for the installation of distributed
generation facilities for self-supplying industries. It has also
introduced new variables and parameters in the feasibility
studies of such facilities.

The new scenario has brought about new ideas and research
of the technical and economic models necessary to assess the
potential as well as the risk of these facilities. These new
studies take into consideration both, the specific technical

performance requirements and the commercial aspects of
operating in a competitive environment.

This tool is able to simulate the analysis of the feasibility
and economic behavior of such facilities considering, not
only the usual parameters used in this type of analysis, but
also the risk derived from the industrial sector market in
which the facilities operate, the demands in terms of
quality of energy regarding wave form and continuity,
and finally, the scenarios portraying cost of energy supply
and price of energy sold and acquired.

The aleatory nature of the energy supply in the market,
due mainly to hydrological conditions as well as to the
international price of oil and gas, are also considered in
this model.

By processing this model in several scenarios, with the
corresponding associated probabilities of occurrence, it
will estimate the return of the project and even determine
expected losses, in the worst case scenario. In other
words, for a pre-established level of regretful, it is
possible to decide for or against distributed generation,

The demand of energy supplied by the facility is
determined not only by the required values during the
daily load cycle, but also by the economic framework of
the production sector to which it belongs. Thus, this
model considers the trends in terms of growth or cutbacks
in market supply and demand for industrial output for the
duration of the energy generation project, as well as the
daily and seasonal variation during the year,

Furthermore, the generation of electric energy and hot
gases may be represented by motors and by gas turbines
fueled directly from a primary source, likely to be the
industrial process being supplied. The hot gases may feed
heat recovery steam generator or they may be used by the
industrial process itself. The rates of unavailability of the
different components are represented in the model.

OBJECTIVE

The aim of this paper is to present a tool to support the
decision taken by the investor and/or customer of
distributed energy projects, who include the production of
energy for self supply, to sell the exceeding portion of the
energy or to buy the necessary amount of extra energy, in
a competitive market (Diagram 1).
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THE PROPOSED MODEL

A system of distributed thermal generation is basically made
up of motors and/or turbines, fueled by an external source.
They generate electricity for the subsystem of demand and
supply hot gases for heat recovery steam generator or for the
industrial process.

The steam turbines may be fueled by the steam generator or
by the industrial process itself.

The system is additionally made up of the external source of
energy. usually provided by the local utility and the
industrial system, which uses the energy generated by the
local facility and by the external grid, if necessary.

Diagram 2 shows the components of a distributed generation
system.

The proposed model is based on the analysis of the risk of
obtaining return on the investment, considering the possible
amounts of the balance between revenue and expenditures.

The model was created based on the idea that the feasibility
of an electric energy production facility to be used in an
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industrial process is a function of several aleatory
variables, which, in turn, depend on the facility itself and
its environment.

The aleatory variables related to the facility refer to the
unavailability rate of the equipment and to the continuity
of the supply of raw materials. The aleatory nature of the
environment is represented by the regulatory rules, by the
supply and price of energy in the market and by the
energy requirements of the industrial process.

Each one of these variables, in turn, depends on a series
of others, as for example: the supply and price of energy
depends on the hydrologic rate of the hydroelectric
system; the energy requirements of the industrial process
depend on the demand of the sector.

The model represents the influence of such variables in a
simulation environment that enables us to test operational
and commercial policies for the production, own use and
sale of energy. The results are represented by the expected
return on investment and by the involved levels of risk.

From a structural point of view, the model is made up of 5
modules (see diagram 1) as follows:

- Energy and Steam Production

- Regulatory Scenarios of Energy Supply
- Market of the Sector

- Operational Policy

- Balance and Risks
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ENERGY AND STEAM PRODUCTION

The main issue of this module deals with the production of
energy and steam as a function of the availability of primary
sources and equipment, which may be inoperative due to
corrective or preventive maintenance.

The Energy and Steam Production Model is made up of the
nucleus of the distributed generation system, which is fueled
by primary sources of energy and may be divided in the
following:

- generators driven by combustion motors, gas turbines
and/or steam turbines;

- Conventional and heat recovery steam generator-HSRG

- independent industrial processes producing  steam/hot
gases;

- auxiliary cooling equipment.

The main components of this module are:
Gas Turbines

Gas turbines are fueled by natural gas from the pipelines or
gas generated from fossil fuels. These turbines supply the
motive power for the generators and the exhaustion hot
gases for the HRSG or for direct industrial use in heating or
drying processes.

Steamn Turbines

Steam turbines are fueled by the steam supplied by
conventional steam generator or heat recovery steam
generator located in the feeding subsystem. They supply the
motive power for the electric energy generators and may
supply steam at various pressure levels for residential,
industrial or commercial use. They may also supply low-
pressure steam to be condensed and pumped to the steam
generator.

The availability of feeding steam turbines fueled by several
steam generators, at different levels, results from the
possible combination of steam generators that are in and out
of operation.

Combustion Motors

Combustion motors supply motive power for electric energy
generators and may be fed from different sources: local fuel
stocks, continuously through oilpiping, or from the fue]
produced directly by the local process.

In order to calculate the availabiliy of the motors, one must
consider the availability of fuel, as well as that of the
auxiliary pumping and cooling systems that are necessary to
operate the motors.

Steam Generator
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The heat recovery steam generator (HRSG) supply steam
for the steam turbines and/or directly for the demand
subsystem. They are fueled by the hot gases from the
motors and gas turbines, as well as by the
water/condensed . Direct fuel in the case of conventional
steam generator.

The water and condensed steam reach the steam generator
through feeding pumps; therefore, their availability
depends on the availability of water or condensed steam
at the source, as well as the availability of the series or
parallel pumps.

Additional Facilities

The transfer of electric or thermal energy from the
supplving sources to the consumption facilities oceurs
through several types of equipment, such as: transformers,
connecting circuit breakers and pumps for absorption
chillers.

The availbility of all such equipment, whether for
preventive or corrective maintenance, should also be
considered for the simulation.

Availability Calculation for Energy Production

The electric energy availability calculation considers the
number of generators and the configuration with which
they operate. A specific configuration may include. for
example, a combined cycle with electric energy co-
generation with 12 generators. This means there would be
2"%=4096 possible combinations of generators, in or out of
operation. A possible combination would be one in which
all generators are in operation; another one would be the
alternative of one of the 12 generators out of operation,
and so on.

One should also consider the possible combinations of the
steam generators in operation, fed by hot gases from the
&enerators and supplying steam for one or several steam
turbines or for the end-use processes.

The availability of hot gases for the heat Tecovery steam
generator makes the calculation more complex, as the
same HRSG may be fed with hot gases from several
generators, between motors and turbines. This means the
availability is calculated considering the various possible
combinations of motors and turbines in and out of
operation. Should all motors and turbines have the same
availability, the calculation would be simpler. In this case,
one need only to use the formula of Binomial
Distribution, which means the probability of *x°
generators out of operation, would be calculated as:

n
P(x)= [ Jp‘(l—p)""",
B of

In which: “n” represents the total number of generators;
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" is the number of generators out of operation
“p” is the unavailability of each generator

In case the individual availability of the generators are
different. the calculation of the total availability is done by
means of a matrix that considers all possible combinations.

Considering the availability of each generator as A; 1n which
{ varies from 1 to h, the probability of no generator out of

operation is as follows:

h
Probability P(x=0) = HA!-
1

Likewise, for a generator out of operation:
3 3
P(’F”:Z (-4, )HA:-
7=l =1
1]

If each motor or turbine supplied the same amount of hot
gases for the HRSG, the availability of hot gases would be
calculated as:

il 6k
A= =
k=0

REGULATORY SCENARIO AND ENERGY SUPPLY

x P(x =k))

The feasibility of a distributed generation business depends
on the regulatary environment of energy supply in which it
acts, as the Regulatory Code scts the operational and
commercial limits and the energy supply sets the prices the
market will use.

The regulatory environment may be shown by means of
rules that set operational and commercial limits of energy.

Although in most cases such rules attain a high level of
stability, one should consider the possibility of changes that
may determine the feasibility of installing distributed
generation, for mid or long term periods.

Thus, the model foresees the setting of regulatory rules and
their corresponding possibilities of change, with their
probability of occurrence.

Regarding the energy supply, the model foresees an expected
series of prices, determined by specific software systems
external to the model. This is due to present and expected
features of the generation system, to the forecast of the
hydrological conditions and to the international prices of the
primary energy supplies as coal, oil and natural gas. In this
case also, the model accepts several price Sseries, with
corresponding probabilities, showing their upside or
downside.
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By grouping & combination of regulatory rules with
energy price Series. the model builds several scenarios
with different probabilistic levels of occurrence.

MARKET OF THE SECTOR

The feasibility of the distributed generation business is
supported by the consumption of energy produced by the
facility. Such energy may be used by the industrial
process itself, as a part of the generation facility or by the
external market by selling the exceeding amount of
energy. Therefore, it is of the utmost importance that the
energy requirements of the industrial process. supplied by
the facility being studied, be thoroughly calculated.

Most industrial sectors undergo upward of downward
development and expansion cycles depending on the
international market. For this reason, one should analyze
the seasonal economic variations affecting the customer
where the distributed generation is 10 be installed. in order
to study the probability of having scenarios of electric
energy supply and demand. Under certain circumstances,
such scenarios may represent high losses, either for the
customer or the independent producer, depending on the
levels of take or pay set for the energy.

The proposed model, through its Market of the Sector
module, enables us to project the energy requirements
based on past series resulting from different demand
scenarios expected by the sector. Thus, it affords different
simulations assessing the risk of losses during the lifetime
of the project, depending on the probabilities of oceurring
critical scenarios.

POLICY FOR TECHNICAL AND COMMERCIAL
OPERATION

The module dealing with the Policy for Technical and
Commercial Operation COVETS basically the maintenance
plan and the features of the purchase and sale contracts.

The guidelines set for maintenance may set the priority
for having redundancy equipment, thus neglecting the
importance of maintenance, or they may choose to save
on the side of the facilities by reinforcing maintenance.

The maintenance efforts influence operational COStS
twofold. On one hand, maintenance TEPresents exXpenses
and on the other, scheduled maintenance causes work
interruptions with the corresponding unavailability.

Added to the configuration suggested for the facility, as
covered in the Energy and Steam Production Module,
users of the model should have a maintenance policy
including expected maintenance cost and unavailability
rates caused by scheduled maintenance interruptions.

This module also considers the different types of contracts
that govern the operation of the facility:
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- contract for the purchase of energy from the local
utility, for the supply of energy to add to its own
source in order to fulfill total requirements;

- contract for the sale of exceeding energy to the
local utility or any other consumer authorized to
purchase it through the concessionaire’s grid;

- contract for the purchase of backup energy, which
would be supplied by the local utility as a
contingency or in the case of failure of own system;

- contract for the use of the utility’s grid to meet the
operational needs of the other contracts:

- contract for the purchase of raw materials

Due to the unique characteristics of such contracts, the
operations for the purchase and sale of energy and the
corresponding involved costs are simulated. Such costs are
affected by the behavior of several aleatory variables, which
are part of the model, as for example: energy requirements of
the industrial process, price of energy depending on the
market variations, unavailability of the plant.

Among the different situations that may arise involving
contract matters, one may find the possibility of energy
requirements being higher than the supply cap foreseen in
the contract. Another possible situation is the unavailability
of the plant demanding higher levels of backup energy than
those that are being contracted.

BALANCE AND RISKS

The end result of the simulations is shown as the distribution
of probabilities of occurring a balance of revenues and
expenses, in the different possible scenarios, considering the
proposed operational and commercial policies.

The Balance and Risks Module includes the convolution
integral between the distribution of probabilities of revenues
and expenses, with the resulting risk of occurrence for each
one of the situations. Both distributions are calculated by
means of the present values of the series of involved
revenues and expenses, foreseen for a specific period of
amortization of the utility.

The expected economic feasibility and the risk of losses are
calculated for a group of several utility operation
simulations, according to the following steps:

- Setting a regulatory scenario for the supply of
energy by means of the Source of Scenarios
Module, for the pre-determined period being
studied:

- Setting the forecast for the demand of energy and
steam required by the industrial process, through
the procedures of the Market of the Sector Module;

- Calculation of the energy and steam production,
considering the various possible stages of the plant,
through the Energy and Steam Production Module;
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- Calculation of the present values of the revenues
and expenses series, as per the Operational
Policy Module. This module considers the pre-
established preventive maintenance plan and the
commercial limitations set by the contracts for
the purchase of additional and backup energy, as
well as those for the sale of exceeding energy.

Each one of the above mentioned simulations presents an
associated probability, resulting from the “produtos’ of
the probabilities of the existence of a regulatory scenario
and one of energy supply, of required demand and of the
energy and steam production of the plant.

The probability of the existence of each simulation sets
the probability for the existence of the corresponding
present values of revenue and expense. This allows us to
build the corresponding probability distribution graphs as
well as to calculate the risk of losses, given by the
convolution integral.

CONCLUSIONS

The proposed model enables us to simulate the technical
and economic behavior of a distributed generation plant,
considering both the probabilistic issues of unavailability
due to scheduled or corrective maintenance and the issues
regarding the energy market.

The distributed generation plant is represented by means
of its topology and its components, including Diesel or
Otto cycle combustion motors, gas turbines, generators,
convention and heat recovery steam generator, additional
cooling and pumping systems as well as all other
equipment belonging to the electric system. as
transformers and circuit breakers.

The energy requirements consider probabilistic scenarios
for the development or slowdown of the industrial sector
served by the plant.

The operational policy of the plant may be simulated
considering several preventive maintenance plans as well
as commercial strategies for the purchase or sale of
energy, according to bilateral contracts. All of this, in
addition to the exogenous factors that affect the price of
energy offered by the market, as for example the
hydrological system of the basins where the hydroplants
are located.

The results obtained by the use of the proposed model
include:
- Statistical distribution of the balance of revenues
and losses expected for each scenario and
proposed pattern:

- Risk involved in the business;
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- Results of bilateral commercial contracts for the
purchase or sale of energy, allowing for the analysis
of the involved risks;

- Effect analysis of the unavailability of machines
and equipment in the economic outcome of the
business:

- Balance of electric energy, including: energy
required by the distributed energy customer; basic
energy from local generation; additional energy,
imported to add to basic energy; backup energy,
imported for the supply in case of scheduled or
unscheduled stops of distributed energy. and
exceeding energy, which is generated and not
utilized at the plant and may be exported.

- Assured generation of electric energy for several
levels of accepted reliability, both for the electric
energy and for the hot gases and steam. This may
reduce the need for contracting backup energy, in
the case of loads that introduce the possibility of
low cost interruptions;

- Selecting the setup that best suits the risk
expectations pre-established by the customer and by
the investor;

- Revenue and financial and economic return, related
to several scenarios in terms of the market. prices,
costs and quality of the energy, considering the
possibility of contracting backup energy for
scheduled stops at lower prices than that for non-
scheduled ones.

Summarizing, the model allows us have several simulations
for use in distributed generation projects, in a competitive
environment. It also enables us to analyze the involved risks
for the consumer of electric energy as well as for the
investor.
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