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Anticipation and prediction of power transformer faults is a critical component in
the task of ensuring electrical grid reliability. The goal of this project is to leverage
optical fiber sensing technology combined with advanced data analytics to
provide a tool for real-time, spatially distributed transformer monitoring.

Optical Fiber Sensors for Selective Detection of 
Acetylene Dissolved in Transformer Oil
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PRINCIPAL INVESTIGATORS
Dr. Michael Buric, Staff Scientist, 
Functional Materials Team, NETL

Dr. Jeffrey Wuenschell, Research Scientist,
NETL / Leidos

WEBSITE
www.netl.doe.gov
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The Numbers

DOE PROGRAM OFFICE:
OE – Transformer Resilience and 
Advanced Components (TRAC)
LOCATION:
Pittsburgh, PA
PROJECT TERM:
01/01/2021 to 07/01/2023

PROJECT STATUS:
Ongoing
AWARD AMOUNT (DOE CONTRIBUTION):
$450,000
AWARDEE CONTRIBUTION (COST SHARE):
$0
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Disclaimer
This project was funded by the Department of Energy, National Energy
Technology Laboratory an agency of the United States Government, through
a support contract. Neither the United States Government nor any agency
thereof, nor any of its employees, nor the support contractor, 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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• Development of nanoparticle 
incorporated oxide thin films for 
sensing markers of transformer oil 
degradation (acetylene, hydrogen, etc.).

• Enhanced selectivity through 
application of MOF protective coatings.

• Coming soon in FY22 – packaged 
pointwise and distributed sensor and 
optical interrogator development, with 
an eye towards field testing.

Primary Innovation
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Impact/Commercialization
• Project seeks to develop low-cost optical fiber sensor and interrogator system 

to complement dissolved gas analysis (DGA) for monitoring of oil-filled 
transformer health.

• Fiber based technology offers possibility of real-time monitoring and spatially 
resolved (distributed) sensing. Can be compiled with fiber-based temperature / 
acoustic monitoring, advanced data analytics, for more intelligent maintenance 
scheduling and transformer failure risk assessment.

IP STATUS
Non-provisional patent application filed by NETL for multi-parametric sensing with 
fiber-optic sensor array (acetylene, hydrogen, temperature) on 4/17/2019. 
Additional IP on distributed sensor and interrogator design may be developed as 
project moves forward.
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DGA Interpretation Standard for Transformer Faults
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Optical Fiber Based Sensor Technology
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Innovation Update

• Nanoparticle-incorporated, plasmonic sensing 
layers have been developed for selective, 
ppm-level acetylene detection at elevated 
temperature (up to 80°C).

• Enhanced selectivity has been demonstrated 
through utilization of a metal organic 
framework (MOF) overlayer, ZIF-8.

• Working in close collaboration with other 
projects at NETL and elsewhere: fiber-based 
temperature sensing, vibration sensing, 
complementary gas sensors.
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Nickel-NP Incorporated Oxide Sensing Layer
Cross-sensitivity at Room Temperature

• Acetylene: Cycle between 0 and 100 ppm
• CO: Cycle between 0 and 1000 ppm
• CH4: Cycle between 0 and 1000 ppm
• H2: Cycle between 0 and 2500 ppm

Gas Peak Response @ Target 
Level(%)

Peak Response / Conc 
(%/ppm)

Acetylene 4.2% 4.2×10-2

CO 8.6% 8.6×10-3

Methane 46% 4.6×10-2

H2 7.2% 2.9×10-3

• Sensor is able to detect changes in acetylene 
concentration 1-100 ppm.

• Some selectivity to acetylene relative to other 
species but can be improved on! (See next slides.)
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Selective Gas Sensing with a Metal-Organic Framework (MOF)

• Prior work in NETL sensors 
group based for CO2 sensing 
on optical fiber.

• Acetylene uptake in ZIF-8 
shown to be high (~1.0 
mmol/g, compared to 0.68 
mmol/g for CO2).

• Expected to have good 
selectivity relative to larger 
molecules.
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Selective Gas Sensing with a Metal-Organic Framework (MOF)
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Advanced Data Analytics for Fault Detection
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Collaborations and Related Work
• Related work ongoing at NETL 

through Grid Modernization Lab 
Consortium (GMLC) on fiber-
based temperature and acoustic 
sensing.

• Ongoing / upcoming 
collaborations at Univ. of 
Pittsburgh on low-cost 
interrogators (Ohodnicki group) 
and new approaches to 
distributed sensing (Chen group).

• Close collaboration with ongoing 
and new work at NETL developing 
gas sensors for natural gas and 
hydrogen infrastructure.

Fiber sensor

Fiber Sensor & Interrogator Development at Univ. of Pittsburgh
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Innovation Update (Coming Soon)

• Work will move forward in FY22 to improve 
fiber sensor and interrogator for point and 
distributed sensing under field conditions.

• Use with complementary gas sensors 
(hydrogen, methane), combined with ML/AI 
can lead to composite sensors with boosted 
selectivity (“photonic nose”).

• Moving towards deployment for field testing -
installation in simulated and (eventually) 
operational oil-filled transformer.

Lab Scale Simulated 
Transformer (NETL)

Example OFDR distributed 
measurement in transformer



17

Acronyms

NETL: National Energy Technology Laboratory
DGA: Dissolved gas analysis
MOF: Metal organic framework
PPM: Parts per million
ML/AI: Machine learning / artificial intelligence
GMLC: Grid Modernization Lab Consortium
OFDR: Optical Frequency Domain Reflectometry
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NETL
RESOURCES

VISIT US AT:  www.NETL.DOE.gov

@NationalEnergyTechnologyLaboratory

@NETL_DOE

@NETL_DOE
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THANK YOU
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