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Environmental Response

PG&E Phases Out
SF.Greenhouse Gas

California utility formulates a plan to eliminate the use
of SFs in all high-voltage gas-insulated equipment.

By Thomas Rak, Pacific Gas & Electric Co.

acific Gas & Electric Co.’s Sustainability Leadership
Council challenged its Substation Asset Strategy de-
partment to come up with a plan to phase out the use
of sulfur hexafluoride in all high-voltage gas-insulat-
ed equipment. Like carbon dioxide, SF is a greenhouse gas.
While CO, has a global warming potential (GWP) of one, SF
has a GWP of 23,500. Although PG&E reduced its SF, leak rate
to nearly 1%, this came with an extreme operating cost. Elimi-
nating the use of SF, would eliminate future leaks and result in
reduced operating cost. Fixing a single SF, leak has an average
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This is during the installation of a 72-kV dry-Air/Vacuum dead tank
circuit breaker.
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cost of US$25,000.

Ten percent of the installed dead tank circuit breakers
(DTCBs) were leaking SF, in excess of the manufacturer cer-
tified leak rate and the probability of leakage was increasing
with the aging of the DTCBs. Operating costs were forecasted
to increase as a result of future increased SF, leaks. Therefore,
PG&E evaluated alternative technologies to replace SF,. In ad-
dition, as part of a pilot project, a non-SF, 72-kV DTCB was
purchased and installed prior to Jan. 1, 2010.

Supplier Options

PG&E’s Sourcing department completed a strategic sup-
plier evaluation to identify SF, alternative suppliers for gas-
insulated switchgear (GIS) and gas-insulated DTCBs. The util-
ity identified 15 potential suppliers from a worldwide search of
GIS and DTCB suppliers. Of those 15 suppliers, 10 were invited
to participate in a request for information (RFI) based on their
commercially installed products and ability to meet California
requirements for SF, alternatives.

Six suppliers responded to the RFI with three competing
technologies. The three technologies were as follows:

1. Novec 5110 insulating gas.

2. Novec 4710 insulating gas.

3. Dry air/vacuum.

All three technologies are capable in applications of high-
voltage GIS and DTCB.

PG&E'’s Standards Engineering, Projects Engineering and
Sourcing Quality evaluated the technical merits of each tech-
nology. This evaluation was technical in nature and indepen-
dent of alternative costs. The technical evaluation also included
input from other California utilities, including the Sacramento
Municipal Utility District, Southern California Edison, and
San Diego Gas & Electric as well as the Electric Power Research
Institute. The California utilities recognized the acceptance of
multiple alternative gases to SF, would lead to increased gas
management risk. A single alternative to SF, was preferred.

PG&E Sourcing then issued a request for proposal (RFP)
to five of the suppliers selling an alternative to SF, for DTCB
and GIS. The RFP enabled the utility to evaluate the commer-
cial availability and cost of the three technologies. PG&E’s final
evaluation of the three alternative technologies to replace SF,



included three major categories: technical,
regulatory and commercial.

Cost and Availability

PG&E ET&D Material Sourcing issued
a Request for Proposal (RFP) to the sup-
pliers that were actively offering an alterna-
tive technology to SF, for DTCB and GIS.
This RFP allowed PG&E to evaluate the
commercial viability and relative costs for
the three alternative technologies. PG&E’s
final evaluation of the three technologies
to replace SF, included three major catego-
ries: technical, regulatory, and commer-
cial.

Based on the results of the RFP, PG&E
ET&D Material Sourcing traveled to Germany, France and
Switzerland to review in person each supplier’s manufacturing
facilities and R&D tech centers to correlate what was presented
within the RFP. Reviewing the technology and manufacturing
in person afforded ET&D Material Sourcing the ability to fur-
ther understand the different cost drivers not only from a ma-
terial and manufacturing aspect, but more importantly from a
technological aspect.

Each supplier was given a comprehensive agenda in advance
of the in-person assessments to create presentations that would
concentrate specifically on technology and manufacturing,
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How Dry Air/Vacuum Technology Works

Dry air/vacuum circuit breakers use vacuum
interrupters (purple area in diagram) for switching
functions and treated air—known as dry air—for
the insulating medium (tan area in diagram). The
combination of using a vacuum interrupter within
adry-airinsulated container eliminates the use of
sulfur hexafluoride (SF ) for high-voltage live tank
circuit breakers (LTCBs), dead tank circuit breakers
(DTCBs) and gas-insulated switchgear.

At least four major equipment manufacturers
offer this alternative in their product lineup. The first dry air/vacuum 72-kV DTCBs
were placed into service in the U.S. more than 10 years ago. The first dry air/vacuum
145-kV DTCBs will be available in late 2019.

including design for manufacturability, business continuity
planning, cost structures, lean process efficiencies, quality pro-
gram and metrics, continuous improvement maturity, capacity
planning and use, and skilled workforce. These presentations
were detailed and provided significant insight into the differ-
ent technologies and manufacturing processes.

During this trip ET&D Material Sourcing was able to physi-
cally visit and walk through Non SF, GIS installations that were
actively running in Germany, France and Switzerland. These
visits gave even a greater insight into the technology and af-
forded PG&E the ability to ask questions that would have never
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Environmental Response

Tablel: Technical Requirements Evaluated

Specifications Dry Air/Vacuum

Installed Base >100 wind-tower GIS at 72 kV, 40kA

Novec 4710 Novec 5110

<10 multi-bay GIS at 115 kV, 40 kA

GIS >10 multi-bay GIS at 145 kV, 40 kA 1 multi-bay GIS at 230 kV, 63 kA One multi bay GIS at 115kV 40kA.
DTCB >1000 DTCB at 72.5 kV, 40 kA 1 multi-bay GIS at 72 kV, 32.5 kV No DTCB
LTCB Yes LTCB No DTCB Yes LTCB
Yes LTCB

Boiling Point, °F (°C) -317 (-194) -30(-34) 41F (5)
Dielectric Strength with SF6 being 1 0.43 0.92 0.7
Decomposition Products None Equal to SF, Equalto SF,
Installed Base in California Yes, 72 DTCBs installed No No
Installed at PG&E Yes, since 2010 No No
Maintenance Cost Lower than SF, Same as SF6 Same as SF,
If Rating 63 kA 40kADTCB 40 kA
V Rating maximum, kV 550kV 145 kV 145kV
Size (GIS) Larger than SF, Same as SF, Larger than SF,
Size (DTCB) Same as SF, Same as SF, Larger than SF,
Type Tested for U.S. DTCB 72 kV, 40 kA, 3000 A No No

LTCB 145 kV, 40 kA No No

GIS 145 kV, 40 kA No No
X/R Rating at 60 Hz 17 (tested) Unknown Unknown

Notes:
1. Yellow highlights denote preferred property.

2. Data taken from information supplied by multiple suppliers in response to PG&E’s request for information in 2016.

Table 2: Regulatory Requirements Evaluated

Novec 4710 | Novec 5110

No

Dry Air/Vacuum

No

Complies with proposed amendment Yes
to California’s SF6 phaseout schedule
and pending California Greenhouse

Gases Regulations. [See note 1]

Global Warming Potential (GWP) 0
[See note 2]

380 1

California Reportable No Yes Yes

Notes: 1. Evaluation based on parameters outlined in proposed California Air Resources Board’s
proposed strawman regulation dated Nov. 16, 2017, and follow-up meetings.

2. GWP is a measure of how much energy the emissions of 1 ton of gas will absorb over a given
period, relative to the emissions of 1 ton of CO2. www.epa.gov/ghgemissions/understanding-
global-warming-potentials

3.Yellow highlights denote preferred property.

been considered from simply reviewing answers provided to an
RFP.

merits of the three alternatives. A specialist from
Sourcing evaluated the commercial merits, and
personnel from Regulatory Affairs evaluated the
three alternatives against pending California
greenhouse gases regulations. All three groups
had the same objective of reducing future oper-
ating costs while maintaining grid safety and reli-
ability.

Based on the results of the evaluation, the
most cost-effective option was for PG&E to adopt
a single alternative technology to replace SF: dry
air/vacuum. PG&E concluded this technology has
more preferred properties than the other alterna-
tives based on the following reasons:

® Dry air/vacuum is the most extensively available commer-
cial product with thousands of DTCB and hundreds of GIS in-

stalled around the world.

Final Evaluation
The final combined evaluation was made by a multidisci-

pline team. Engineering and Quality evaluated the technical
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Table 3: Commercial Requirements

Dry-Air/Vacuum

Cost, % of SF, 105% 115%
Warranty, years 5 5 5
Number of Suppliers 5
Hitachi
HICO
Meidensha Corp. (Meiden) 2

Mitsubishi Electric Power
Products Inc. (MEPPI)
Siemens AG

Note: Yellow highlights denote preferred property.

regulation amendment.

¢ The leak rate from dry air/vacuum technology is exempt
from California state mandatory annual reporting, which
would be a significant cost savings.

® Dry air/vacuum technology is available from multiple sup-
pliers.

® Dry air/vacuum currently is the lowest-cost life-cycle op-
tion.

® Dry air/vacuum has been tested up to 65-kA interrupting
current and 550-kV rated voltage.

This combination of merits makes dry air/vacuum the most

Novec 4710 | Novec 5110
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cost-effective replacement option for SF, at this time.

Dry Air/Vacuum Pilot

In 2006 PG&E chose to evaluate dry air/vacuum
technology as an alternative to SF, by first testing the
technology in an inexpensive DTCB application. In
2009, the utility purchased a Hitachi 72-kV, 31-kA,
2000-A dry air/vacuum breakers for the pilot at Borden
substation outside of Madera CA. This was the first util-
ity HV dry-air vacuum DTCB installation in California.
The procurement process included an ISO 9001 quality
audit of the Hitachi Ltd. factory and a design review of
the breaker. There also was a review of the breaker-type testing
data and factory acceptance testing (FAT) of the breakers. All
these reviews found acceptable results.

While no intrusive maintenance was completed on the
breakers, routine inspections were completed for the next six
years. The PG&E maintenance crews were fully trained by
the factory in classroom setting and in the field. Initially, the
substation personnel were skeptical of the technology and had
concerns about the vacuum bottle failure mode due to loss of
vacuum and arc-flash potential. The breakers were originally
ordered with a vacuum bottle monitor device to detect loss of
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This indicates where Dry-Air/Vacuum dead tank circuit breakers are installed in North America. There are over 550 unitsin North America since
2007 and over 1100 units installed worldwide.
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This Dry-Air/Vacuum GIS by Siemens is a 145-kv unit.

vacuum, however, after several false annunciations the monitor
device was removed as it was too sensitive and it was picking up
noise levels from the surrounding environment. PG&E decid-
ed to evaluate this pilot breakers for three years while creating
maintenance specifications and procedures, then in 2011 or-

dered three additional vacuum breakers for inventory. It took
time before the field got comfortable with the new technol-
ogy. PG&E has purchased an additional 25 Dry-Air/Vacuum
DTCB since then and none were purchased with the vacuum

bottle monitoring device. Other utilities in California have pur-
chased Dry-Air/Vacuum DTCBs and currently 72 are installed
“\ : V in California and more than 550 are installed in the United

;{ States and Canada. At least six other California utilities are
A RT Serles ; now using this technology: Turlock Irrigation District, City of
Danville, Vandenberg Air Force Base, Modesto Irrigation Dis-
C urre nt Se nsors trict, Covanta Energy and Southern California Edison.

ART Series sensorsiare the first

to combine easy-to-use flexible
Rogowski coil technology with
Class 0.5s accuracy. When it comes
to measuring energy production,
monitoring substation transformer
health or real-time allocation of energy * Equipment using SF, at a rated voltage of 72kV or less on
costs and usage in smart buildings, Dec. 31, 2024 S

ART Series sensors set the standard.

Phaseout Dates

In November 2017, CARB held a public workshop to pres-
ent a proposed regulatory amendment that would phase out
new purchases of GIS equipment containing SF,. The following
were target dates for various equipment classes in the straw-
man regulation:

® Equipment using SF at a rated voltage of 14 or less on
Dec. 31, 2026

* Equipment using SF, at a rated voltage of 245kV or less on
Dec. 31, 2028

\\\I ® Equipment using SF at a rated voltage of 550kV or less on
www.lem.com : I E M Dec. 31, 2030.
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Looking Ahead

The PG&E Sustainability Leadership Council has estab-
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lished clear SF, goals and areas for improvement for Electric
Operation Division. PG&E will maintain the SF, leak rate be-
low 1% (with a stretch goal of 0.7% leak rate). PG&E will evalu-
ate and purchase addition pilot alternatives to SF; high-voltage
equipment while meeting the established SF6 phase out dates.
PG&E will maintain the SF -free status on our medium-voltage
equipment. All equipment currently installed on the distri-
bution system is SF; free. PG&E had stopped purchasing SF,
equipment for the distribution grid approximately 15 years
ago. Today PG&E maintains an SF-free distribution grid.

The areas for improvement included betterment of opera-
tion procedures for SF, gas handling, better record-keeping
and shorter SF, leak repair times. The Sourcing, Standards
Engineering and Sourcing Quality departments were given a
goal to purchase SF, equipment that was less prone to leaks.
This was done through tighter specifications, design reviews of
vendors equipment flange seals, factory audits and analysis of
historical SF, leakage data sorted by vendor/model/age. The
historical leakage data from PG&E'’s 1200 installed DTCBs and
6 GIS showed that one vendor’s equipment leaked SF, more
frequently than the other two. PG&E bench marked the SF,
equipment findings with six other electric utilities and received
supportive agreement. While all suppliers of SF, equipment
certify to leak rates equal to or less than 0.1%, the field leakage
data over the past 15 years shows an actual SF, equipment have
amuch higher leak rate than that. The average SF, leak rate in
California is approximately 2%, which is significantly higher
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than the certified leak rate of 0.1%

In 2020, PG&E will install three pilot DTCBs at the 145 kV
40 kA and three pilot DTCBs at the 145 kV 65 kA. The plan is to
test these pilot DTCBs over a 3-year period before integrating
more of them into the fleet.

Presently approximately 32 utilities in the United States are
using Dry-Air/Vacuum DTCBs.

PG&E will continue to share information and experience
with alternatives to SF, in HV applications. PG&E’s long-term
goal is to maintain a safe and reliable high-voltage grid while
reducing maintenance cost and reducing worker’s exposures to
the by-products of SF, by phasing out its use. TDW

Thomas Rak (TIRV@PGE.com) is a manager of Substation and
Transmission-Line Standards Engineering at PG&E. He graduated from
New Jersey Institute of Technology with a BSEE (power concentration).
He earned his Master of Engineering from Portland State University and
earned his Professional Engineering license in California. Tom has expe-
rience in distribution, substation and generation design engineering.

For more information:
Hitachi | www.hitachi.com
HICO | www.hicoamerica.com
Meiden | www.meidensha.com
MEPPI | www.meppi.com
Siemens | www.siemens.com

/A ACRT

Your business is providing safe, reliable power to
your members. Our business is making sure you
keep that commitment. We pride ourselves on our
history of thinking ahead to plan for what will be
needed. As we've continued to grow, we've built a
plan for a better way to serve you. We're excited to
show you what comes next with ACRT.

(800) 622-2562 | acrt.com

v

At ACRT, we're the only independent national
vegetation management consulting firm—giving
us the freedom to put our clients first.

January 2019 | T&D World 27



