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ogeneration refers to the use of a single i E—
fuel to produce heat and electricity. Rermoaiod
Cogeneration systems are efficient to

operate; located onsite and operating under the Figure 1. A typical refinery electric profile.

direct control of plant personnel; they provide

reliable electricity and heat, and remain indepen-

dent of problems affecting the electrical grid. 5,000
The above definition explains fundamental 4,500
advantages of cogeneration. Then why is it that 4,000
clients are not lining up to install cogeneration? 3.500
There are many reasons but the following two ano
are important: E 2'500
® Cogeneration is seldom treated as a pri- Blss
mary project. Electricity is purchased from 8"
the utility; boilers are used to produce L
steam and an architect, without a feasibility o
study, includes some type air conditioning 500
in his design. Cogeneration is introduced as 0
a redundant secondary system. 2 = ity i =2 5 »® o Sy

POWER LEVEL IN MW

® Lack of proper feasibility study: feasibility

study is defined as a program to evaluate
the advisability and viability of implementing
a cogeneration project, and if so investigat-

Figure 2. Annual hours at each power level.

ing the design and benefits. It is simply et
paper work before a commitment is made to 180,000 |
finance, design and build. The cogeneration 160,000 |
feasibility study simply investigates the eco- £ 140,000
nomics of cogeneration. : i)
The following discussion will concentrate on § 100,000 4
cogeneration feasibility study. The basic ele- TR
ments of a feasibility study are customer oper- G
ation data, cogeneration design, and economic i 50.000 4
evaluation. To demonstrate, Cogeneration 40,000 |
Planners has created a factious refinery, based 20,000
on its experience, to perform a feasibility study. ol e T O Fae s $ et ]
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Customer operation data DEMAND POWER, MW
The first step in a cogeneration feasibility study
will be to understand the customer’s operation Figure 3. Annual energy used at each demand power;
mode and his expansion plans: annual energy use 314 860 MWh.
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mine the average electricity rate for the
year.

® To determine the steam use, the plant
: operation gives the steam pressure of 250
140 psig, and shows that steam use varies from
i 100 000 - 150 000 Ib/hr and is proportional to
% power demand. Figure 4 shows the relation
between steam rate and power demand.

® We need to understand the possible
future plant expansion and the plant man-
agement will inform us of their future
expansion plans impacting the electricity
110 | and steam demands.

“ ® We will have a meeting with the plant
operation on their concern with operation of
the cogeneration plant.

At this point we clearly know the power
demand levels and the exhaust heat utilisa-
tion at each level. Therefore, we under-
stand the plant energy use. It is our goal to
supply all the electricity and steam require-
ments of the plant except for the period that
the cogeneration plant will be down.
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Figure 4. Steam flow as a function of power demand.

Table 1. Ann
Refinery ope:
Cogenerati
Electric
Generated

Steam use

Cogeneration design

The operation data and information will be
used to design and price the system. In the
selected design we will consider 10
demand power levels, ranging from 25 - 38
MW as shown in Figure 2:

® The site conditions: altitude and the
range of ambient temperature will be
determined. For our investigation we will
select the average site temperature of
70 °F, but keep in mind the maximum
ambient temperature.
® Select the cogeneration systems:
= Single or multi turbines with each tur-
bine equipped with a heat recovery
steam generator (HRSG) supplying
process steam. A single turbine
schematic is shown in Figure 5.

Steam supp
Cogen fuel us

Cogen fuel cost
Administration
Stanby cha;

Maintenanc : e | m Location of the environmental protec-
Material ‘ tion equipment will be selected for
Total expens each HRSG.

ot 3 Sadbi| ® Select the turbines:

NPV of 10 yea

% discou

m |n general the selection of turbine will
be based on turbine covering the
demand power range and the turbine
manufacturer past experience in guar-
anteeing the performance and mainte-
nance. Normally a turbine manufactur-
er will guarantee the turbine generator

Notes .
Investment, US$:
Fuel rate, USS$ /
Elec.rate, Cents

® Usually for projects with more than 500 kW demand,

the servicing investor owned utility (IOU) will provide
1/4 or 1/2 hour demand kW. The typical demand pro-
file of a medium size refinery is shown in Figure 1.
This Figure demonstrates the level and range of elec-
tricity demand during the year. Next we will use the
1/2 hour or 1/4 kW data to determine the hours of
operation at each power level. This is shown in Figure
2. This plant operates in the range of 25 - 38 MW, and
60% of time operates at 37 MW.

The energy use at each demand kW is shown in
Figure 3. The total energy use for the year will also be
determined.

Examine the 12 months of electricity bills to deter-

operation for 95% of the time per year.
The method of accomplishing this guar-
antee should be clearly in writing by the
manufacturer.

m The turbine inlet and exit losses will be determined
and submitted to the turbine manufacturer together
with site altitude.

m For each turbine the turbine manufacturer will be
requested to submit the maximum allowable perfor-
mance as a function of ambient temperature (cover-
ing the range of the site ambient temperatures) for
the altitude level and the selected turbine inlet and
discharge pressure loss values. Compare the maxi-
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