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Overview

Presentation Outline

e Background
« Desiccant dry cooling (DDC) technology

* Previous analysis
e Conclusion

Project Information
 |nitial development funded through the Department of

Energy’s National Energy Technology Laboratory
(DOE-NETL) and the Wyoming Clean Coal Technology

Fund.
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Cooling Affects All

Thermoelectric Generation
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The most common methods for
large-scale heat dissipation include:

« Once-through wet cooling
« Wet recirculating (evaporative)

* Dry cooling with air

Alir is the environmentally preferred,
and sometimes the only, choice for
power plant cooling. However, air
cooling suffers from fundamental
heat-transfer disadvantages:

Q = hA(Tcongenser — Tair)



EERC Desiccant Dry Cooling
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« The EERC’s DDC concept
uses a hygroscopic
desiccant working fluid to
dissipate thermal energy
directly to the ambient air.

» Condensate
to Boiler

 DDC is intended to address
the key shortcomings of
conventional dry cooling,
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Working Fluid Heat and Mass

Transfer
_ _ Mass Moisture content
* Unlike pure water, which decreases equilibrates with
typically undergoes with time* ambient conditions

constant evaporation, the
desiccant will reach
equilibrium and prevent a
net loss of moisture.

Moisture evaporation
or condensation

-— -
- -

o Compared to wet
evaporative cooling, the
net heat transfer is now
sensible, but transient
latent heat transfer is
possible.

« While DDC circulates a
liquid solution, there is no
net water consumption,
and the initial charge of
working fluid is expected to
last for the life of the
system.

£) EERC

. The International Center for Applied Energy Technology 5
tice

Heat transfer to or
from ambient

*Relative humidity <100%.




Direct Contact Heat Exchange

Direct contact heat exchange with ambient air has important
iImplications for heat dissipation:

* |nexpensive, wetted packing structures can be used to create
large heat-transfer surface areas.

Heat transfer is partially driven by vapor pressure gradients,
thereby increasing overall heat-transfer efficiency and potentially

resulting in lower air-side pressure drop.

« Transient absorption and desorption of ambient moisture adds a
component of latent heat transfer to the system that acts as

iIntegrated thermal storage.
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Annual Lost Production Penalty,

Baseload Plant Case Study Results

Plant: 170-MW. Steam Bottoming Cycle
3.5 Location: Omaha, Nebraska

Other Assumptions According to:
Comparison of Alternative Cooling Technologies
3.0 4 for U.S. Power Plants: Economic, Environmental,
. and Other Trade-Offs, EPRI, Palo Alto, CA, 2004.
é Document1005358.
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Cooling System Capital Cost, million $

Case study results from initial project.
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Design considerations:
— Wet or dry

— Performance

— Capital cost

Where water is available,
evaporative cooling will
typically be the best design
choice.

For locations without
adequate water, the EERC
concept is estimated to offer
improved cost and
performance over an air-
cooled condenser without
compromising water
consumption.



Test Facility

EERC CM43721.CDR
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Summary

« The EERC’s DDC system is a novel dry cooling technology currently
under development. It is estimated to have a competitive advantage

over conventional dry cooling options for large-scale heat dissipation.
* This project is the second stage of a two-stage project to evaluate the

feasibility of the proposed dry cooling concept.
— Under Stage 1, a test facility was constructed at the EERC and used to
show that the fundamental operating principles were valid.
Stage 2 activities are focused on continued performance testing and

updating the technology’s economic evaluation.
« Arelated ARPA-E project is also underway with the objective to
develop specialized heat-exchange equipment specifically for use

with DDC.
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Disclaimer

This presentation was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government, nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States

Government or any agency thereof.
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Contact Information

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, North Dakota 58202-9018

World Wide Web: www.undeerc.org
Telephone No. (701) 777-5083
Fax No. (701) 777-5181

Christopher Martin, Ph.D.
Research Engineer
cmartin@undeerc.org
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