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1. Abstract

Since December 1995 the
Rutgers  Cogeneration  plant  has
provided heat and electricity for certain
campuses in the New Brunswick areas,
such as the Rutgers Busch and Livingston
campuses, as well as UMDNJ.  Our
objective was to evaluate the efficiency
of the plant using the data from January
2006 to October 2007 to determine
when it would be more efficient to buy
electricity from the power grid versus
producing our own. To do this, we
compared the cost of buying electricity
from the grid and the cost of producing
it using the cogeneration plant by
finding the spark spread. The spark
spread is found by subtracting the cost
of the plant’s electricity from the cost of
the grid's. The conclusion our project
group came to is significant for the
reason that, after calculating the
efficiency of the plant, we found that
the numbers show that it is actually more
economical to buy electricity from the
grid.

2. Introduction

2.1 The Rutgers Cogeneration Plant

The Rutgers Cogeneration plant
was originally designed to be both cost
efficient and environmentally friendly.
However, after studying recent data
from the cogeneration plant at Rutgers
University, we  found that  the
cogenerafion plant was not a good
economic choice for Rutgers.  With
today's economy, spending money

wisely is an important aspect for
everyone, including large universities
such as Rutgers.

Figure 2.1
The Rutgers Cogeneration Plant located on the
Busch Campus. (NJ-CHP)

2.2 What We Learned

This research project was more
than just numbers, figures, and data.
Our research extended to the process
cogeneration plants use to have their
outputs combined as heat and energy.
It also included learning about the
machinery behind the process, such as
the gas turbines used and how they run,
as well as the absorption chillers that
were added to the plant affer it had
been constructed and built.

Our team visited the Busch
Campus Cogeneration plant, where we
observed the furbines, absorption
chillers, and other parts of the process at
work. Certain machinery was computer
controlled, and there were computers
that alerted the workers if any of the
values of the machinery dropped
beneath standards set by law. One



example is that daily emissions from the
turbine are monitored fo insure that the
plant complies with federal emissions
guidelines.

Figure 2.2

These are the computers that supervise the
emissions of the plant. If the values do not meet
the standards set by the federal government, the
computers will alert the staff at the plant.

2.3 Previous Reports

A previous report on the
cogeneration plant found it to be very
cost efficient; however, the numbers
used in those findings were from the
beginning of the plant’s life in 1995. The
electricity, heatfing, and cooling loads
now vary greatly from when the plant
was designed for, due to Rutgers being
a growing university. The report states
that the plant should have been able to
repay for its building costs in five years,
but our data shows that it does quite the
opposite (“Final CA-CP Case Study”).

3. Background

3.1 Cogeneration

Cogeneration is the process of
using normally wasted heat energy
produced by a plant and using it to
heat and cool surrounding buildings. It is
also known as Combined Heat and
Power, or CHP; these terms will be used
interchangeably throughout the paper.
CHP is fueled with natural gas that is
about 95% methane. The fuel is turned
info energy and power through the use

of gas turbines. The cogeneration cycle
consists of the Rankine cycle and heat
exchangers. Cogeneration  plants
generate heat and electricity, and they
are a thermodynamically efficient use of
fuel, due to the fact that they don't
waste the extra heat that escapes like
other plants do.

Figure 3.1a (Penn State Erie)
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Figure 3.1b (Cruise Power)

Figure 3.1a is a schematic of the Rankine cycle,
while Figure 3.1b is the Cogeneration cycle. Note
that the Rankine cycle can be found within the
Cogeneration cycle.

3.2 Machinery

The Taurus 60, as seen in Figure
3.2q, is a gas turbine generator set that
was designed to meet the needs of
industrial power generation applications.
Its frequency is 50 hertz and it also has a
capacity of 6000 kilovolt-amperes
(kVAs). The Taurus 60 can use more than
one type of fuel, such as naphtha or
light fuel oil. The alternator’s output is
6300 V and its total plant hours of



operation are 59264 hours. It also comes
with a built in heat recovery steam
generator, as well as an economizer. This
is the type of turbine that the Rutgers
Cogeneration plant is currently using.

Figure 3.2a [5]

This is the gas turbine known as the Taurus 60,
made by Solar. It is currently the type of turbine
used in the Rutgers Cogeneration Plant.

Figure 3.2b [6]
This picture represents an absorption chiller, much
like the ones used by the cogeneration plant.

An absorption chiller is a
refrigerator that provides energy to the
cooling system and it is powered by
heat from the combustion of liquefied
petroleum gas, which has a very low
boiling point.  When the refrigerant
evaporates, it takes heat away with it
making the cooling effect. It is then
changed back from gas to liquid so the
cycle can continuously repeat itself.

The heat exchanger is a device
that is used to fransfer heat from one
fluid to another fluid on two sides of a

barrier without bringing the fluids into
direct contact with each other.

3.3 Process

CHP is an integrated energy
system that can be modified. At the
Busch Campus cogeneration plant, work
enters into the compressor. Fuel is put
info the combustion chamber. Part of
the energy goes into the generator
where torque is applied to create
electricity. More fuel is then put info the
afterburner. It later tfransfers into the heat
exchanger. The exhaust passes through
a heat exchanger to heat water, which
contributes to the heat and cooling load
for the buildings and facility. During the
winter, the Rufgers cogeneration plant
uses waste heat for high temperature
water, while in  the summer; an
absorption chiller is used for cooling
during the summer.

3.4 History

The Rutgers Cogeneration plant
was constructed in December of 1995,
and its potential lifespan is anywhere
from 20 to 25 years. At the time the
plant was built, Rutgers was smaller than
today, which means the plant was
satisfactory in meeting the electrical,
heating, and cooling loads for that size
of Busch campus.

4. Method/Calculations
4.1 Spark Spread

While researching, we were
provided with a spread sheet for the
current cogeneration plant in Rutgers
University for the months of January 2006
through October 2007 [A]. This data
helped us calculate the sparks spread
which is the difference between the
wholesale price of electricity and the
cost of the fuel used to generate it. If the
spark spread gives a negative value, this
means that buying electricity from the
grid is a better option and when positive,



it indicates that the cogeneration plant
was the better choice. The spread sheet
(found in Appendix A) gave the outputs
and inputs in various units, which we had
to convert into one single unit, kilowatt-
hours (kWh).

4.2 Efficiency

The efficiency is determined by
dividing the outputs of the plant by the
inputs used. The outputs of the plant are
the electricity production, the chiller,
and the heat load. The inputs are the
fuel added to the duct burners and the
turbines. Efficiencies are calculated with
the following formulas:

Electricity Production (KkWh)

Electrical — _
Efficiency Turbine Inputs (IKWh)
[{e_at _ Outputs (CHP Plant + Absorption Chiller)
Efficiency Inputs (Duct Burners + Turbines)
Overall _
Efficiency
Electricity Prod'n + CHP Output + Chiller Output
Duct Burner + Turbine Inputs
5. Results

5.1 Efficiency

After analyzing the data on the
spreadsheet, we determined the
efficiency of the plant in three different
ways: electrical, heat, and overall. The
overall efficiency electricity-wise was just
24.74%, the heat efficiency was even
less with it being just 7.02%. The overall
efficiency comes out to be 29.4%.

5.2 Spark Spread

Along with the plant having a
low efficiency, it also has a negative
spark spread for several months of the
year. This indicates that producing its
own power and heat was a bad
business move on Rutgers’ part. To get

the most bang out of their buck, they
should have bought electricity from the
grid.  As much as 14 cents per kWh
could have been saved, which may not
sound like much, but it adds up when
millions of kWh are used each month by
the Busch campus dorms. Using the
average spark spread, we determined
that  Rutgers could have saved
$10,763,894.93 in the time period
between January 2006 and October
2007 had they bought their electricity
from the grid. We also found that the
only two months that were efficient were
June and July of 2007. An explanation
for these anomalies could be explained
by the facts that “June 2007 was the
23rd warmest June on record... The
warmer than average June temperature
helped increase residenfial energy
needs for the nation... the nation's
residential  energy demand  was
approximately 1.5 percent higher than
what  would have occurred under
average climate conditions for the
month” [NCDC] and “For the ... United
States, July 2007 was the 15th warmest
July since records began in 1895”"
[NCDC]. But even in those months, less
than a penny was saved per kWh,
making it just a mere difference
between the cost of buying from the
grid and producing electricity with the
cogeneration plant.
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Figure 5

Sparks Spread Excerpt of [B]. The red represents
the negative values, or the values where buying
from the plant would be more inefficient. It's
clearly shown that the grid is a better choice.



6. Conclusion

All of our research and
calculations led us to one conclusion:
the Rutgers Cogeneratfion plant is not
saving Rutgers money. The only way to
fix this issue is to create a totally new
plant to meet efficiency standards
needed by today. Currently, Rutgers
employees are working on a proposal
for a new cogeneratfion plant for
Rutgers.

Another solution would be to
change the heating and cooling loads
of the cogeneration plant. However,
this would not be a realistic solution
because the university is growing. The
original system had been built for a
smaller school, with smaller heating and
cooling loads.

The more realistic approach
would be to add new turbines or fo
replace the entire plant. In the
proposal, the new cogeneration plant
would use 2-10 megawatt turbines. The
new system, even with additional
output, would still reduce CO2, SOy, and
NOx emissions and have an efficiency of
about 64%.

In  conclusion, our research
project gave us an opportunity to look
at not only at the mechanics behind
cogeneratfion, but also allowed to
evaluate the economical side. We
found the Rutgers Cogeneration plant to
be inefficient, but our research may
bring Rutgers one step closer to getting
a more efficient plant.
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Appendix

A. Data for the Cogeneration Plant, January 2006 to October 2007, with calculation.
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Graph Form of the Efficiencies and Spark Spread
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B. Inside the Cogeneration Plant
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