Energy Tips

Life and Cost of
Backpressure
Turbogenerators

Turbogenerators with electrical
switchgear cost about $700/ kW
tor a 30 KW system to less than
$200/kW for a 2,000 kKW system.
Installation cost varies, but
typically averages 75 percent of
equipment costs,

Backpressure steam turbines are
designed for a 20-year minimum
service life and are known for
needing low maintenance.

Suggested Actions

Consider replacing PEVs with
backpressure turbogenerators
when purchasing new boilers or if
your boiler operates at a pressure
of 150 psig or greater.

¢ Develop a current steam balance
and actual process pressure
requirements for your plant,

¢ Develop steamn flow/duration
curves for each PRV station.

» Determine plant electricity, fuel
cost, and operating voltage.

» Consider either one centralized
turbogenerator, or multiple
turbogenerators at FRV stations.

Steam Tip Sheet information
adapted from material provided
by the TurboSteam Corporation

and reviewed by the DOE

BestPractices Steam Technical

Subcommittee. For additional

information on steam system
efficiency measures, contact the

OIT Clearinghouse at
(B00) 862-20886.

Replace Pressure-Reducing Valves
with Backpressure Turbogenerators

Many industrial facilities produce steam at a higher pressure than is demanded by process
requirements. Steam passes thmn;;h p]'ﬂs;«n1rv-1‘m']11r'mg valves (PRVs, also known as letdown
valves) at various locations in the steam distribution system to let down or reduce its pressure,
A non-condensing or backpressure steam turbine can perform the same pressure-reducing
function as a PRV, while converting steam energy into electrical energy.

Ina h;u'kpﬂ*:-;ﬁ;uw steam turbogenerator, shaft power is pnuhu‘ﬂi when a noezle directs jets of
high-pressure steam against the blades of the turbine’s rotor, The rotor is attached to a shaft
that is coupled to an electrical generator, The steam turbine does not consume steam. It simply
reduces the pressure of the steam that is subsequently exhausted into the process header,

Cost-Effective Power Generation

In a conventional, power-only steam turbine installation, designers increase efficiency by
maximizing the pressure drop across the turbine. Modern Rankine-cycle power plants with
1,800 psig superheated steam boilers and condensing turbines exhausting at near-vacuum
pressures can generate electricity with efficiencies of approximately 40 percent.

Most steam users do not have the benefit of ultra-high-pressure boilers and cannot achieve
such high levels of generation efficiency. However, by replacing a PRV with a backpressure
steam turbine, where the exhaust steam is provided to a plant process, energy in the inlet
steam can be effectively removed and converted into electricity. This means the exhaust
steam has a lower temperature than it would have if its pressure was reduced through a PRV,
In order to make up for this heat loss, steam plants with backpressure turbine installations
increase their boiler steam throughput.

Thermodynamically, the steam turbine still behaves the same way as it would in a
conventional Rankine power cycle, achieving isentropic efficiencies of 20 to 70 percent,
Economically, however, the turbine generates power at the efficiency of your steam boiler
{modern steam boilers operate at approximately 80 percent efficiency), which then must be
replaced with an equivalent kWh of heat for downstream purposes. The resulting power
generation efficiencies are well in excess of the average U5 electricity grid generating
efficiency of 33 percent. Greater efficiency means less fuel consumption; backpressure
turbines can produce power at costs that are often less than 3 cents/kWh. Energy savings
are often sufficient to completely recover the cost of the initial capital outlay in less than

2 years,

Applicability

Packaged or “off-the-shelf” backpressure turbogenerators are now available in ratings as low
as 30 kW, Backpressure turbogenerators should be considered when a PRV has constant
steam flows of at least 3,000 Ibs/hr, and when the steam pressure drop is at least 100 psi.
The backpressure turbine is generally installed in parallel with the PRV,

Estimating Your Savings

To make a preliminary estimate of the cost of producing electrical energy from a back-
pressure steam turbine, divide vour boiler fuel cost (in §/MMBtu) by your boiler efficiency.
Then convert the resulting number into cost per kWh, as shown in the sample calculation on
the next page.
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Electricity cost = Fuel cost ($/MMBtu) x 0.003412 MMBtu/kWh

Boiler efficiency

Example: F5.00,/ MM Btu x Uiﬁm MMBtu/kWh _ ¢ 10y JKWh

To estimate the potential power output at a PRV, refer to Figure 1, which shows lines of
constant power output (expressed in kW of electrical output per 1,000 pounds per hour of
steam throughput) as a function of turbine inlet and exhaust pressures. Look up your input
and output pressure on the horizontal and vertical axes, and then use the reference lines to
estimate the baclkpressure turbogenerator power output per Mlb-hour of steam flow. Then
estimate the total installed generating capacity (kW) by multiplying this number by your
known steam flow rate. The annual cost savings from the backpressure turbine can then be
estimated as

Power output (kW) x Steam duty (hrs/year) x (Cost of grid power - Cost of generated
power, 5/EWh)

Figure 1. Backpressure Turbogenerator Generating Potential (kW/MIb-hour)
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Mote: Assumes a 50% isentropic turbine efficiency, a 96% efficient generator, and dry saturated inlet steam

About DOE's Office of Industrial Technologies

The Office of Industrial Technologies (OIT), through partnerships with industry,
government, and non-governmental organizations, develops and delivers advanced
energy efficiency, renewable energy, and pollution prevention technologies for
industrial applications. OIT is part of the U.5. Department of Energy’s Office of
Energy Efficiency and Renewable Energy.

OIT encourages industry-wide efforts to boost resource productivity through a
strategy called Industries of the Future (IOF). IOF focuses on the following nine
energy- and resource-intensive industries:

* Agriculture » Forest Products * Mining
* Aluminum » (lass * Petroleum
* Chemicals * Metal Casting * Steel

OIT and its BestPractices program offer a wide variety of resources to industrial
partners that cover motor, steam, compressed air, and process heating systems.

For example, BestPractices software can help you decide whether to replace or
rewind motors (MotorMaster+), assess the efficiency of pumping systems (PSAT),
compressed air systems (AirMaster+), steam systems (Steam Scoping Tool), or
determine optimal insulation thickness for pipes and pressure vessels (3E Flus).
Training is available to help you or your staff learn how to use these software
programs and learn more about industrial systems. Workshops are held around the
country on topics such as "Capturing the Value of Steam Efficiency,” “Fundamentals
and Advanced Management of Compressed Air Systems,” and “Motor System
Management,” Available technical publications range from case studies and fip
sheets to sourcebooks and market assessments. The Energy Matters newsletter, for
example, provides timely articles and information on comprehensive energy systems
for industry. You can access these resources and more by visiting the BestPractices
Web site al www.oit.doe.govbestpractices or by contacting the OIT Clearinghouse at
800-862-2086 or via email at clearinghouse@ee.doe.gov.

BestPractices is part of the Office of
Industrial Technologies® (01T's) Indusiries
of the Future stratagy, which helps the
country's most anergy-intensive
industries improve their competitivenass.
BestPractices brings together the best-
available and emarging technologias

and practices to help companias bagin
improving engrgy efficiency, environmental
performance, and productivity right now.

BestPractices amphasizes plant systams,
where significant efficiancy improvemants
and savings can be achieved. Industry
gains easy access to near-term and
lang-tarm solutions for improving the
performance of motor, staam, compressed
air, and process heating systems. In
addition, the Industrial Assessment Centers
provide comprehensive industrial energy
evaluations to small and meadium-size
manufacturers,

FOR ADDITIONAL INFORMATION,
PLEASE CONTACT:

Pater Salmon-Cox

Office of Industrial Technologies
Phone: (202) 586-2380
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Visit our hame page at
www.oit.doe.gov
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