Hydrogen Compressor
Reliability Investigation and
Improvement

Cooperative Research and
Development Final Report

CRADA Number: CRD-13-514
NREL Technical Contact: Danny Terlip

NREL is a national laboratory of the U.S. Department of Energy
Office of Energy Efficiency & Renewable Energy
Operated by the Alliance for Sustainable Energy, LLC

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

CRADA Report
NREL/TP-5400-66027
March 2016

Contract No. DE-AC36-08G028308



NOTICE

This report 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.

This report is available at no cost from the National Renewable Energy
Laboratory (NREL) at www.nrel.gov/publications.

Available electronically at SciTech Connect http:/www.osti.gov/scitech

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831-0062

OSTI http://www.osti.gov

Phone: 865.576.8401

Fax: 865.576.5728

Email: reports@osti.gov

Available for sale to the public, in paper, from:

U.S. Department of Commerce
National Technical Information Service
5301 Shawnee Road

Alexandria, VA 22312

NTIS http://www.ntis.gov

Phone: 800.553.6847 or 703.605.6000
Fax: 703.605.6900

Email: orders@ntis.gov

Cover Photos by Dennis Schroeder: (left to right) NREL 26173, NREL 18302, NREL 19758, NREL 29642, NREL 19795.

NREL prints on paper that contains recycled content.


http://www.osti.gov/scitech
http://www.osti.gov/
mailto:reports@osti.gov
http://www.ntis.gov/
mailto:orders@ntis.gov

Cooperative Research and Development Final Report

In accordance with Requirements set forth in Article XI, A(3) of the CRADA document, this
document is the final CRADA report, including a list of Subject Inventions, to be forwarded to
the Office of Science and Technical Information as part of the commitment to the public to
demonstrate results of federally funded research.

Parties to the Agreement: PDC Machines, Inc.

CRADA Number: CRD-13-514

CRADA Title: Hydrogen Compressor Reliability Investigation and Improvement

Joint Work Statement Funding Table Showing DOE Commitment:

Estimated Costs NREL Shared Resources
Year 1 $ 150,000.00
TOTALS $ 150,000.00
Abstract of CRADA Work:

Diaphragm compressors have become the primary source of on-site hydrogen compression for
hydrogen fueling stations around the world. NREL and PDC have undertaken two studies aimed
at improving hydrogen compressor operation and reducing the cost contribution to dispensed
fuel. The first study identified the failure mechanisms associated with mechanical compression
to reduce the maintenance and down-time. The second study will investigate novel station
configurations to maximize hydrogen usage and compressor lifetime. This partnership will allow
for the simulation of operations in the field and a thorough analysis of the component failure to
improve the reliability of diaphragm compression.

Summary of Research Results:

A PDC 4-Series compressor was installed at the NWTC at NREL as part of the Wind2H2
system. The compressor was operated at duty cycles up to 20 hours per day compressing
hydrogen from ~100 psi to discharge pressures ranging from 3000 to 6000 psi for a total of ~800
hours. Data was collected on the compressor motor’s power consumption, system pressures,
temperatures and alarm conditions. Four key findings resulted from this CRADA work.

1. Compressor performance and reliability data was recorded and analyzed over 81 start-stop
cycles. ~1800 kg of hydrogen was compressed at a calculated flow rate of 3.7 kg/hr. The
average efficiency of the compressor system was 3.54 kWh/kg (including cooling pump
and radiator at 1.86 kW). The mean time between failures was 49 days. Power consumption
was found have a standard deviation of 600 W between discharge pressures of 3000 and
6000 psi. Power consumption was found to have a standard deviation of 500 W as ambient
temperature ranged from 17 °C to -9 °C with discharge pressure kept nearly constant.
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2. Seal weakness was found to be the main failure mechanism. Five seal failures occurred
during the testing. Four were in the compressor head and one was on the check valve on the
second stage discharge. This mechanism is consistent with field data on compressor failures
shown in NFCTEC CDP24.

3. Major repair cost, time, parts and uncommon tools were documented during failures. This
data, shown in Figure 1, informs hydrogen compressor operators of repair costs and can be
used to reduce downtime.
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Figure 1 - Hydrogen compressor repair burdens

4. Significant downtime can be avoided by monitoring the leak detection circuit. Compressor
manufacturers often set a limit on the amount of pressure allowable on the leak detection
circuit. Pressures below this level (typically 15 psi) do not send an alarm to compressor
operators, yet can be a precursor to seal failure.

In addition to these four key findings, NREL recommends monitoring the overpump valve
setting and using a non-Siloxane based lubricant on compressor seals. The settings of overpump
valves can change over time resulting in pressure or temperature being too high in the
compressor head. Components, such as seals, can be damaged as a result. The pressure setting
can be checked using a CV and gauge on the test port of the valve. NREL sampled a non-native
coating found on the interior wall of the compressor process tubing and identified Siloxane as a
major component. Siloxane was found to be harmful to fuel cells and is found in some
commercial vacuum grease. There are other commercial vacuum greases available that do not

contain Siloxane.

Subject Inventions Listing:

None

Report Date:
19 January 2016
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Responsible Technical Contact at Alliance/NREL:

Danny Terlip

Name and email address of POC at company:

Kareem Afzal, kareema@pdcmachines.com

This document contains NO confidential, protectable, or proprietary information.
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