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‘For cogeneration to be

efficient, electrical and thermal loads

must coincide.’

(Left) Early test of small cogeneration featuring a microturbine and absorption chiller on the roof of an Indianapolis
drugstore. (Right) Fuel cell in Central Park in New York.

Economics of Cogeneration

By William Ryan, Ph.D., PE.

c alifornia’s power supply crisis in 2000 alerted the en-

ergy industry to the problem of summer peak power

supply. Merchant plant developers initiated major capacity

expansions, which were expected to solve the problem.

However, recent concerns on Wall Street about the en-

ergy industry have placed many of these new power plants

projects in doubt, and reignited concerns about limited

peak summer power supply.

These events point to a major defect
in current deregulation transition plans.
The original concept was that:

» Transitioning to a free electric mar-
ket would provide price signals that
should, in the long term, make the mar-
ket much more efficient.

* As prices fluctuate freely in response
to supply and demand, end users will
modify their consumption patterns in
response to these price signals.

* Similarly, merchant plant operators
will respond by generating more elec-
tricity as prices reach desirable levels.
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Figure 1: States in red facing less than 10% capacity
margin within 10 years (DOE).

However, merchant plant developers
are not motivated to intentionally pro-
vide reserve power plants. What was “re-
serve capacity” in a regulated market (and
paid for as part of the rate-base) is “ex-
cess capacity” in a deregulated market.

Building power plants that run infre-
quently will not be economically attrac-
tive unless peak power can be sold for a
very high price. Therefore, during peak
demand periods, power will become
very expensive. This effect was pre-
dicted as early as 1995.

“Because customers value electricity
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so much, demand and price during peak
periods can be way above average lev-
els.... Hourly prices might fluctuate well
above the levels seen to date.” and
“During a critical period of peak de-
mand on a hot summer afternoon, for
example, the marginal cost of power may
increase 20 to 50 times.””

According to the North American
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Electric  Reliability =~ Council 20

(NERC), “Capacity adequacy in North
America over the next ten years will be
highly dependent upon the construction

100

of new generation resources and inno- 580
vative use of controllable demand-side é
resources. Most of the new generation 9\960

is expected to be constructed by mer-
chant developers.”

However in the same source,

“Capacity additions are increasingly
being driven by market signals and not
the maintenance of a prescribed capac-
ity margin. This will likely lead to fluc- 0
tuations in capacity margins that reflect
normal business cycles experienced in
other industries.”

Why is there so much concern about
summer power usage?

Overall power consumption patterns in areas across the coun-
try show that summer peaking is nearly universal and is the
result of the air-conditioning load. Hot weather brings on all
air-conditioning loads in a region nearly simultaneously,
whereas other loads may be much more randomly timed.

A typical commercial building load can vary significantly. In
the cooling season, a com-
mercial building can hit
electric loads that are twice
that of the peak winter load.

One solution to the sum-
mer load is to build peak-
ing power plants. However,
from the merchant plant
owner’s point of view, peak
summer periods may be
only 500 hours per year
(roughly 10 weeks of on-
peak weekday service).
This results in a fairly high
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Figure 2: Wholesale prices for electricity as of 11/5/01. The pattern of consistently
elevated summer prices has been present for the last three years. Each color
represents a differing exchange point.

* End users have developed consumption patterns in re-
sponse to regulated electric rate-based pricing schemes that
traditionally did not heavily penalize peak consumption and
poor load profiles,

* The construction industry is entrenched in building prac-
tices that reflect current end user requirements, and

* When a new building is constructed, HVAC equipment
within that building has a
life of 20 or more years.

Therefore, new buildings

Value

$0.40/Therm e
$0.05/kWh constructed today will tie
$16.41/KW end users into a uneco-
$12.85/kW nomical pattern of poor

load profiles and high sum-
mer electric peak power
consumption for 20 or
more years. Even with the
slower, more cautious path
to deregulation taken by
most  states  today,
transitioning the cooling
market to deregulation re-
quires that the construction
industry be transformed as
quickly as possible. The

$2.99/Mo./kW of Generation
10:00 — 22:00(M-F)
10:00 — 18:00(M-F)

Natural Gas Driven Engine

None

concern that large areas of
the country will have in-
sufficient reserve capacity margins in the near future (Figure 1).

The effect this has on the market for electricity can be seen
easily in the futures prices for wholesale electricity (Figure 2).

The Market Defect

In the long term, end users will learn to reduce consumption
during peak summer periods. However, this transition could be
difficult and lengthy because:
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Table 1: Values used for economic analysis.

question is how?

Onsite generation and
cogeneration systems have been constructed for large campus or
municipal applications for decades. These systems generate power
onsite and provide cooling as a waste heat driven by-product,
making them a natural for solving the summer peak power prob-
lem. Cogeneration also improves overall fuel use efficiency and
reduces emission of carbon dioxide. The challenge is to make
cogeneration practical for an individual building. These tech-
nologies need to be made practical in much smaller sizes.
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Figure 3: Cogeneration system.

New Small Power Generation Technologies

A wave of new technologies is being prepared or is entering
the market. The initial reaction has been the development of
small low maintenance electric generating systems to “peak
shave” away volatile electric price concerns. Microturbines
are sized in the 28 to 350 net kWe range, and unlike larger
power turbines, generally use a heat recuperater. This allows
these low pressure, and lower cost turbines, to operate at prac-
tical efficiencies in the 25% to 30% range.

A more technically challenging approach to small power
generation is fuel cell systems. In recent years, fuel cells have
been under intense development for automotive applications.
With the new interest in onsite generator packages, some of
the developers are devoting significant effort to stationary
applications.

A far more efficient approach is to fully use the waste heat
from these generators to heat and cool. This would bring the
additional efficiency advantages of cogeneration systems to
these smaller systems (Figure 3).

The strength of this approach is the use of the heat normally
wasted in the generation process to perform a useful function.
This allows the system to have overall efficiencies far higher
than any central generated plant (Figure 4).
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Figure 4: The advantage of efficiency. The overall efficiency
of the combined heat and power approach can exceed 80%.
This is only possible where the generator is located at or near
the facility and waste heat can serve the heating and cooling

load. Even the highest efficiency electric utility plant barely
exceeds 40% to 45% (figure courtesy of DOE).

40%
Useful Energy Produced for Electricity

Making Efficiency Promises Real

For cogeneration to be efficient in a real application, electrical
and thermal loads must coincide, and this varies depending on
the type of facility and the local climate. This determines how
much heat can be productively recovered to serve building loads.

Figures 5 and 6 give a national overview of how much heat
could be recovered. The values shown are the percent of waste
heat that can be productively used for building thermal loads
from a continuously running engine-generator sized to handle
building electric demand. Two sets of numbers are shown:

* For buildings where waste heat can only be used for space
heating loads, or

» For buildings where waste heat can meet some of the cooling
load via a single effect recovered heat-driven absorption chiller.

Chart compares a short operating schedule load, an office
building, to a 24-hour load, a large hotel. The greater number

\ Hotel
| Retail
Educational
| Office |
> Cogeneration with Heat
{ Hospital I Recovery for Heating and Cooling
I Hotel ] - -
Cogeneration with Heat
\ Retail \ Recovery for Heating Only
| Educational ]
Percent of Heat Recoverable
[ Hospital Location: Chicago
0% 10% 20% 30% 40% 50% 60% 70% 80%

[ Miami |
Tam
e Dallas o o 0. - e
Chicago ] | Large Hotel
Boston |
New York \
San Diego ]
[ Miami ]
[EEEEsTamparits | Office Building
[ Houston ]
Percent of Heat Recoverable for
[ San Diego | Cogeneration with Heat Recovery
Chicago . .
For Heating and Cooling
New York
Boston

Figure 5: Adding thermally activated cooling makes all the
difference. Figure shows how much the recovery heat varies by
building function. Values are for typical buildings in Chicago.
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Figure 6: The load’s nature is more important than climate.
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Figure 7: Seasonal load profile for hospital load.
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Figure 8: Maximum monthly demand for hospital load.
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Figure 9: Estimated operating cost savings. DG = Generation with no recovery of
waste heat. CHP = Generation with waste heat passing to heating loads. BCHP =
Generation with waste heat passing to a single effect absorption chiller and heat-
ing loads as required.

of hours of electricity and cooling usage in the hotel makes more difference than the
local climate. Heat also is recovered for heating and hot water loads in all cases.
These results point out two issues:
* The type of building application served often makes more of a difference than
the local climate. Clearly, buildings with longer operating hours make the system
more attractive.
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Cogeneration at the University
of Maryland consists of a
microturbine and a small capac-
ity direct-fired absorption
chiller/heater.

Multiple microturbine installa-
tion.

A large capacity microturbine.
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* The amount of heat that can be used is substantially greater
when the heat can be used throughout the year by adding ther-
mally activated cooling (i.e., absorption chillers) to the building.

Although these conclusions are not new, the charts show
how important these issues can be to the overall efficiency of
the system. Having some form of thermally activated cooling
system will more than double the heat utilization of even the
shortest schedule building, even in colder climates. In build-
ings with around-the-clock operations and warmer climates,
the effect can be much larger.

Of course, these efficiency arguments do not directly address
operating costs. Although, economics based on current electric
tariffs and fuel costs can be calculated, the results become very
complex and apply only to a specific locale. Worse, they assume
that the current tariff structure will endure for five to 20 years in
the midst of dramatic energy industry restructuring. So, what can
be said that is geographically universal and enduringly true?

Efficiency is insurance. No matter the future direction of
electric or gas prices, a high-efficiency system will guard
against future operating cost “shocks.”

Fuel diversification is insurance. Cogeneration systems
allow the operator to

Some of these features can be obtained from a simple backup
generation system. However, only a full-featured cogeneration
system, designed for continuous operation, can provide all of
these benefits.

Economics of Small Cogeneration

Adding heat recovery for space heating and cooling to a
generating system will add to the first cost. However, in most
installations, the payback for the overall system will be shorter.
In addition, heat recovery also reduces the overall exposure of
the investment economics to fuel price volatility.

For example, given their need for high quality electric power
and emergency backup, medical facilities are attractive appli-
cations for cogeneration. A hypothetical 300,000 ft*> (27 800
m?) hospital facility in Chicago is evaluated in this example
(Figures 7-11).

The results in Figure 9 indicate a number of relationships.

* Given a specific load, the operating cost savings for either
a generation or cogeneration system will grow proportionally
with system size to a point. This point is well below the maxi-
mum demand of the building. This strongly suggests that equip-

ping the building with

generate power or pur- $1,100,000

chase electricity from ’:‘Zrn";'
the local utility grid. of Gas
The operator can $900,000 Prices

choose an option on a

Annual Operating Cost

enough generation to
/ e be completely indepen-
dent of the grid is not

economical.
* Savings begin to de-

short-term basis without $700,000 il Break-Even cline on the far right-
being trapped into a 5 g Price hand side of the chart for
long-term option. any system where the
Cooling diversifica- $500,000 local utility charges a
tion is insurance. Co- ‘ standby fee based on the
generation systems use $300,000 ; ] 3 ] | size of the generator.
waste heat to cover some 02 04 c 06 08 1 1.2 1.4 * For cogeneration sys-
. o ost of Gas ($/Therm) X ’
of the air-conditioning = No Generation —— 800 kW Cogeneration tems, the optimum size

load. The remainder Figure 10: Annual operating costs over a wide range of gas prices (val-  Will be smaller than fora

may be electrically ues from Table 1).

driven. This provides the

user with the ability to operate cooling, at least partly, on
either the waste heat or electric systems.

Power backup. The ultimate insurance is the ability to oper-
ate all, or part of, a facility when the utility power has failed. A
cogeneration system can be set up to operate during a black-
out, powering the entire facility or only critical loads, thus
saving the cost of a dedicated backup generator.

Power conditioning. More high-tech electronic loads are
being installed in commercial buildings. These systems often
have serious problems with low frequency or undervoltage
power, generally caused by electric system overloading. Cer-
tain types of onsite generation can be used to supply clean
power to these loads. Therefore, a cogeneration system may
reduce or eliminate the need for an uninterruptible power or
power-conditioning system.

generation only (DQG)
system. As the generator
becomes larger, the available waste heat begins to exceed the
available thermal loads for some period of the year, in particular,
the spring and fall. This reduces the marginal economic return, as
the generator becomes large in comparison to the thermal load.
* The optimum size of the cogeneration system with waste
heat-driven cooling system is further reduced, as the addition of
the absorption chiller lowers the overall electric demand of the
building. This means that the same level of annual savings can
be reached with a smaller generator. In Figure 9, the hospital can
reduce operating costs by $150,000/year with either 1,100 kWe
of generation or 650 kWe of cogeneration, including absorption
chillers. In most cases, the second option is lower in first cost.
» For the application shown, the generation/cogeneration sys-
tem was run only during on-peak hours. Previous experience
has shown that running against low ($0.02/kW in Chicago) off-
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peak electric charges lowers savings. This may not be true under

utility rate schedules in other cities.

an abnormal occurrence caused by many producer issues oc-
curring in the same year. The principle issue was insufficient
storage set-asides, a mistake that is unlikely to recur soon.

Energy Cost Risk

* Immediately follow-
Facility managers > $120,000 Normal ing the end of the heat-
have more than operat- S $100,000 Range / ing season, the price
ing costs to be con- E cF)’friE:: crashed to values as low
cerned about. The 5 $80,000 as 25% of the peak
tremendous volatility in % value. This is not surpris-
gas and electric prices 8 $60,000 e[ ing. If a gas price spike is
over the last few years > $40.000. = Break-Even to recur, it will happen
has made energy bud- = et A Price in the high demand heat-
geting more difficult E’_ $20,000| ing season, and would
than ever. ° . affect both cogeneration
In addition to oper- $0! 02 04 06 08 ] CEREEW) and conventional heat-
ating cost advantages, Cost of Gas ($/Therm) ing systems.
cogeneration can sig- = No Generation - 800 kW Cogeneration « In heating opera-

nificantly reduce finan- Figure 11: One month of operating costs in the heating season (values

cial risk by lowering the from Table 1).

facility’s exposure to energy price volatility.

First, cogeneration often is viewed as a natural gas tech-
nology. Gas prices in Winter 2000 may make facility owners
skeptical about adding another gas use. However:

» The Winter 2000 increase in gas prices seems to have been

tion, a cogeneration
system passes its waste
heat to the heating load. Therefore, as much as 70% of the gas
burned by the generator is used to offset gas that would have
otherwise been burned by the heating boiler. Therefore, the
net increase in gas use in heating is far less than the gas use of
the generator.
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In Figure 10, the effect of fluctuating gas prices on annual
operating cost can be seen. However, annual operating cost is
not the major concern. Gas prices predictably decline every
summer due to low demand. There is little cause to be con-
cerned about gas price spikes in the summer.

Figure 11 focuses on the critical heating season by show-
ing only one typical winter month. In the case shown, the
facility has reduced operating cost with the cogeneration
system up to an extremely high gas price of $1.40 therm,
which was 40% higher price than the peak of the 2000 price
spike. In the unlikely event of such an extremely high gas
spike, the owner generally is in the position to temporarily
turn off the generator, return to normal heating systems, and
pass the electric load back to the grid. This would delay the
payback period for the cogeneration system for the three to
four heating season months. Standby charges, which allow
the owner to return the entire electric load to the grid, have
been included in the economics.

Price volatility also means periods of prices well below the
expected average as well as above. As can be seen in Figures
10 and 11, the cogeneration system owner is in a better posi-
tion to profit on low gas prices than a conventional system
owner. With cogeneration, the owner has an improved “up-
side” during periods of low gas prices, while his ability to

temporarily shut down cogeneration maintains a very lim-
ited downside.

Summary

Much remains to be done to make cogeneration systems a
practical and widely used technology for typical commercial
buildings. However, in the next 20 years, cogeneration ap-
plied on a widespread basis can provide significant improve-
ments in energy efficiency, reductions in carbon dioxide
emissions, while providing attractive customer economic and
operating advantages.
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