
Liquid Refrigerant Pumping
Technology for Improving Refrigeration Performance and Capacity

Liquid refrigerant pumping (LRP)
is a simple, reliable way to improve
refrigeration efficiencies.  This tech-
nology modifies a conventional direct-
expansion (DX) refrigeration system
in such a way that average compressor
load is reduced and cooling capacity
is increased.  The central component is
an ultra-reliable, seal-less, magnetically
coupled pump that is installed in the
liquid refrigerant line between the
receiver and the thermal expansion
valve, as shown below.  The technology
is available through Hy-Save, Inc.,
Portland, Oregon.

This Federal Technology Alert
(FTA), one of a series, describes the
theory of operation, field experience
(savings and reliability), range of appli-
cation, and how to evaluate the LRP
for a particular application.

Energy-Saving Mechanism
The LRP is a simple, reliable means

of converting a refrigeration system to
floating-head operation, which is the
efficient operation obtained by allow-
ing the condenser to operate at lower
pressure and temperature when ambi-
ent conditions permit.  In an LRP ret-
rofit, the pump overcomes head losses
in the liquid line and dryer that would
otherwise cause some flashing (refrig-
erant boiling) ahead of the expansion
valve.  With the LRP suppressing flash
gas, the condensing setpoint (tempera-
ture or pressure) can be changed to a
lower value.

Little, if any, savings will be obtained
by applying LRP to systems that already
have floating-head control or that do
not operate much during the low ambi-
ent temperature conditions necessary
to accrue floating-head savings.

Normal System System with LRP Added
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Technology Selection
LRP is just one of many energy tech-

nologies to emerge in the last 20 years.
The FTA series targets technologies that
appear to have the greatest untapped
federal-sector potential.  New technolo-
gies were identified through advertise-
ments in the Commerce Business Daily
and trade journals, and through direct
correspondence.  Numerous responses
were obtained from manufacturers, utili-
ties, trade associations, research insti-
tutes, federal sites, and other interested
parties.  Based on these responses, the
technologies were evaluated in terms of
potential energy, cost, and environmen-
tal benefits to the federal sector.  They
were also categorized as those that are
just coming to market and those for
which field data already exist.  Tech-
nologies classified as just coming to
market will be considered for field dem-
onstration through FEMP and industry
partnerships, while technologies for
which field data already exist are con-
sidered as topics for Technology Alerts.
The LRP technology was found to have
significant potential for federal-sector
savings and to have had demonstrated
field experience and reliability.

Recognition
In 1989, the National Institute of

Standards & Technology's Office of
Energy Related Inventions recommended
the LRP technology based on theoretical
analysis of refrigeration cycles.  Two
projects involving the technology have
received recognition from DOE:  1) the
Presidential Citation to Andy Dorer,
USMC, Albany, GA and 2) the Environ-
mental Protection Agency's Stratospheric
Ozone Protection Award for Hannaford
Brothers Supermarkets.

Potential
Analysis of a large sample (nearly

25% by floor area) of federal facilities
indicates a major, untapped energy con-
servation potential in the federal sector.
The life-cycle cost-effective market
potential for HVAC system retrofits is

estimated to be $23 million installed
cost, representing present value savings
of $34 million, in this sample.  Some
12,500 LRP systems are currently oper-
ating in the United States, but only a
comparative few (200, representing
an aggregate initial cost of perhaps
$100 thousand) are in operation in the
federal sector.

Application
Based on the FEMP analysis and

FEMP review of evaluations by others,
the LRP technology is recommended
for deployment at federal facilities in
applications where conversion from
fixed- to floating- head operation is
life-cycle cost- effective.

Laboratory testing, field testing,
and theoretical analyses have shown
LRP technology to be technically valid
and most likely to be economically
attractive in applications such as the
following:

• air conditioners for computer rooms

• air conditioning systems for core
zones of buildings

• refrigerated display cases and store-
rooms.

Depending on climate, load, and
electric rates, skating rinks, refrigerated
warehouses, packaged air conditioners,
DX chillers, process cooling, and heat
pump systems may also make cost-
effective retrofits.

Applications where LRP is usually
not appropriate include the following:

• flooded evaporator machines

• domestic refrigerators and similar
systems with indoor condensers

• systems that cannot use (or already
have) floating-head control.

Field Experience
LRP installations have been moni-

tored in many commercial and federal
sites by utility engineers, site facility
managers, and at least one supplier of
refrigerated systems.  In these tests,
the expected floating-head savings,

simplicity, and reliability have been
confirmed.  Installation costs are
between $50 and $250/ton, and the
only maintenance required is to check
the LRP and new condenser pressure/
temperature setpoint during normal
seasonal preventive maintenance and
replace the impeller every 5 years.

Case Study
As a test case, the LRP technology

was installed in a retrofit at Fort Drum,
New York.  This was a good demon-
stration because installation of the LRP,
and the reduction in condensing setpoint
that the LRP enabled, were the only sys-
tem modifications.  The system was
monitored before and after the retrofit.
The installation of LRP on a 9-ton sys-
tem increased average condenser fan
power by 0.48 kW and reduced average
compressor power by 2.64 kW, for a
net average system power reduction of
over 14%.  Further analysis indicated
that savings for an average year would
be over 17%, yielding a simple pay-
back of 1.2 years.

Implementation Barriers
One of the main issues surrounding

LRP technology is acceptance by refrig-
eration manufacturers.  To endorse LRP
is to acknowledge that one's equipment
is not as efficient as it could be.  As a
result, approval of LRP by component
manufacturers is well documented,
while endorsement by package equip-
ment manufacturers can only be traced
by examining construction documents
and submittals in the few cases where
LRP was specified and installed in
new construction.  Since large pack-
age equipment manufacturers exer-
cise considerable control over the
flow of information, the user accep-
tance and application concerns we
have encountered are not surprising.

The Federal Technology Alert attempts
to close the LRP information gap.  A
detailed version of the Alert on LRP is
available to interested individuals.



















































About the Federal Technology Alerts
The Energy Policy Act of 1992, and

subsequent Executive Orders, mandate
that energy consumption in the federal
sector be reduced by 30% from 1985
levels by the year 2005.  To achieve this
goal, the U.S. Department of Energy’s
Federal Energy Management Program
(FEMP) is sponsoring a series of pro-
grams to reduce energy consumption
at federal installations nationwide.  One
of these programs, the New Technology
Demonstration Program (NTDP), is
tasked to accelerate the introduction of
new energy-saving technologies into
the federal sector and to improve the
rate of technology transfer.

As part of this effort, FEMP, in a
joint venture with the Department of
Defense’s Strategic Environmental
Research and Development Program
(SERDP), is sponsoring a series of
Federal Technology Alerts that provide
summary information on candidate
energy-saving technologies developed
and manufactured in the United States.
The technologies featured in the Alerts

have already entered the market and
have some experience but are not in
general use in the federal sector.  Based
on their potential for energy, cost, and
environmental benefits to the federal
sector, the technologies are considered
to be leading candidates for immediate
federal application.

The goal of the Alerts is to improve
the rate of technology transfer of new
energy-saving technologies within the
federal sector and to provide the right
people in the field with accurate, up-to-
date information on the new technolo-
gies so that they can make educated
judgments on whether the technolo-
gies are suitable for their federal sites.

Because the Alerts are cost-effective
and timely to produce (compared with
awaiting the results of field demonstra-
tions), they meet the short-term need
of disseminating information to a target
audience in a timeframe that allows the
rapid deployment of the technologies—
and ultimately the saving of energy in
the federal sector.

The information in the Alerts typi-
cally includes a description of the
candidate technology; the results of
its screening tests; a description of its
performance, applications and field
experience to date; a list of potential
suppliers; and important contact infor-
mation.  Attached appendixes provide
supplemental informationand example
worksheets on the technology.

FEMP sponsors publication of the
Federal Technology Alerts to facilitate
information-sharing between manu-
facturers and government staff.  While
the technology featured promises sig-
nificant federal-sector savings, the
Alerts do not constitute FEMP’s
endorsement of a particular product,
as FEMP has not independently veri-
fied performance data provided by
manufacturers.  FEMP encourages
interested federal energy and facility
managers to contact the manufacturers
and other federal sites directly, and to
use the worksheets in the Alerts to aid
in their purchasing decisions.

Strategic Environmental
R&D Program

The Strategic Environmental Research and
Development Program, SERDP, co-sponsor
of these Federal Technology Alerts, was cre-
ated by the National Defense Authorization
Act of 1990 (Public Law 101-510).  SERDP's
primary purpose is to "address environmen-
tal matters of concern to the Department
of Defense and the Department of Energy
through support for basic and applied research
and development of technologies that can
enhance the capabilities of the departments
to meet their environmental obligations."
In 1993, SERDP made available additional
funds to augment those of FEMP, for the
purpose of new technology installations
and evaluations.

Federal Energy Management Program

The federal government is the largest energy consumer in the nation.
Annually, in its 500,000 buildings and 8,000 locations worldwide, it uses
nearly two quadrillion Btu (quads) of energy, costing over $11 billion.
This represents 2.5% of all primary energy consumption in the United
States.  The Federal Energy Management Program was established in 1974
to provide direction, guidance, and assistance to federal agencies in plan-
ning and implementing energy management programs that will improve
the energy efficiency and fuel flexibility of the federal infrastructure.

Over the years several federal laws and Executive Orders have shaped
FEMP's mission.  These include the Energy Policy and Conservation Act
of 1975; the National Energy Conservation and Policy Act of 1978; the
Federal Energy Management Improvement Act of 1988; and, most recently,
Executive Order 12759 in 1991, the National Energy Policy Act of 1992
(EPACT), and Executive Order 12902 in 1994.

FEMP is currently involved in a wide range of energy-assessment activi-
ties, including conducting New Technology Demonstrations to hasten the
penetration of energy-efficient technologies into the federal marketplace.



For More Information

FEMP Help Desk
(800) 363-3732
International callers please use (703) 287-8391
Web site: http://www.eren.doe.gov/femp/

General Contact

Ted Collins
New Technology Demonstration Program
Program Manager
Federal Energy Management Program
U.S. Department of Energy
1000 Independence Avenue, SW, EE-92
Washington, DC  20585
(202) 586-8017
Fax: (202) 586-3000
theodore.collins@hq.doe.gov

Technical Contact

Steven A. Parker
Pacific Northwest National Laboratory
P.O. Box 999, MSIN: K5-08
Richland, Washington  99352
(509) 375-6366
Fax: (509) 375-3614
steven.parker@pnl.gov
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