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QENERAL ELECTRIC COMPANY, 1 RIVER ROAD, SCHENECTADY, NEW YORK 12348 STAPRE
Phone (518) 374-2211

Subject: Effluent Limitations for Items on
* Toxie Substancss List: Bconomic
Impact of a Ban on PCB

Novexmber 21, 1573

Dr. Marths Sager T
‘Chairman, Efflusnt Standards *

and Water Quality Information

Advisory Cormittes
Envirormental Protection Agency. “
Room 821, Crystal Mall, Bldg. #2 )
Washington, D. C. 20460

Dear Dz. Sager:

With reference to your forthcoming uae:ing (38rR10577) and pursusmt to
our understanding that the Committee has expressed an interest in knowing the
economic impact of a possible ban of polychlorinated biphenyls (or 4 zestriction

:an:mun: toa ban). ve bave the.following comments to offert

The value of the lnnual production of PCB transfomers in
the U.S. is approximately $45 million sand that of capacitors
$140 mtllion. Neither of these figures forms an appropriatas
base for assessing the socio-economic effect of regulations
having the force of a ban on further production., Should such
a ban occur in the near future (i.s., within five.years) the
impact of PCB transformer unavailability would be felt primarily
in cerns of disruption of building construction, elactric discri-
bution, and railroad equipment projects; and interzuption of the
supply of PCB capacitors would impact most haavily on the alectrical
supply situation, exacerbating the "energy crisis."”

Most PC3B transformers ars installed in industrial, commereial,
-and rasidential substation spplications. A considerable number are
installed on electric railwvay passenger commuter cars scrving major
matropolitan areas. In all spplicacions, thcse tranformers distribute
elecerie power reliabhly without risk of f£ire and explosion, and in
compliance with specific laws, ecodes, and insurance restrictiona
mandating non-£flammable liquid content. There is no readily available
alternative for many applications where construction is under way o:
plans are complete. As much as $1 billion of construction projects
could bo sariously delayed, involving schools, factories, office
buildings, apartment houscs, and commuter trains,
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Dr. Martha Sagsr - 2 -

Tha PCB capacitors producsd in the U.S. annually have a najor
effect in reducing the electric current vhich would otherwise have
to ba genaratad to serve industrial and public naeds. The saving
may bs spproximated by suming up ths incremantal cost of oversize
generators and that portion of tranmaission and distribution syscea
equipmant vhich is thermally limited, Equipment in these classes,
corresponding to the 44 million kilavars of nev capacitors installed
annually, has a valus of spproximataly $1 billien. A forcsd conversion
to a non~PCB espacitor would ba hampered by shortages of basic capaci-
tor saterials and factory production capsbility, thus placing in jeopardy
about half of this annual saving, Additienxlly, there would ba ssrious
disloecations in the lighting and air-conditioning industrias due to
shortages and nismatchss of capacitors raquirsd in those systams. -

® \

The enclosed paper, "The Role of Polychlorinated Biphenyls in Electrical
Equipment”, February 4, 1972, wvas prepared originally for the Office of Science
and Technology and is included here for further information on the econcmic
value of thesec devices. In addition, we have updated the information about

_capacitors and addressed ourselves specifically to the consequences of
unsvailability of PCB capacitors in the enclosed new study entitled, "Tha
Impact of a 'Ban' on the Use of PCB in Capacitors,’ November 19, 1973.

Important as are aconcmic considerations, we feeal that the case for
continued use of PCB's in capacitors and transformers rests less on these
factors than upon the lack of subszantiated need for any tighter constraints
on the handling of thesea materials than those already in use or assumed as
goals by the electrical indusecry., These aspects are discussed in the anclosed

lectar from Dr. Simons of General Electric to Dr. Thompson of E.PF.A., comzenting

upon toxic pollutant effluent standards (reference, 38FR21342). -

We hope this discussion will ba of use to your committee,

Very truly yours,

s S. Nelson, Consultant-
duct Enviroamsntal Compatibilicy

- JSN:ev

Enclosuras

ce: Dr. €. Hugh Thompson
Chairman-Hazardous and Toxic Substance
Regulation Task Force
Office of Water Program Operacions
*  Environmental Protection Agancy,
Washington, D. C. 20460 74044 DS 002
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The PCB-impregnated capacitors produced in ths U.S.
annually have & major effact in zeducing the electric
currant vhich must be genarated to serve industrial and
public nesds for power. The annual saving may be viewad
as equivalent to 44 large electtic gensrators, sach of

the 1000 megavatt size, vhich do not need to be installed =
an sggregation comparable to the natioa's annual growth
requirement.

The following consesquences will result from & PCB effluent standard
so strict as to have ths effect of z ban:

« If the industry {s forced to convert to a non~-PCB impregnant,
low dislectric-conatant liquids, such as aineral oil, offer -
the best initial f£allback position.

= Mineral oil would roughly double the pounds of capaciter -
grade dielectzic paper and sluminum foil needed to producs

" prascént eapacitor requirements. Current world-wide shortages
-0f capacitor paper and foil would not support this.

= Materials avsilability would support about S50% o£ the currcn:
. clplcitot Taquirements using mineral oil. -

= 1f adequate materials supplies wers somehow attained, current
capacitor manufacturing facilicies could produce at bast only
50% of capacitor unit requirements.

- Porced conversion to a non-PCB would result in eapacitor shortages
and major production ecutbacks in the lighting, air conditioner,
and power supply industries, and in their customer operations.

= Doubling the size of capacitors would present serious replacement
problems vhers PC3 capacitors had been used.

= Ballast and air conditioner manufacturers would have to redesign
caztain products to aceept the larger capacitors.

- Power system stability would be adversely affected by a shortage
of capacitors, and black-outs could be expected.

= New non-PCB's, such as G.E.'s EéELaI could sub:an:égtly reduce
the magnitude of the materials p:oblen. Houvever, Ecohol still ,
* vepresents an unknown risk in reliability and safety in the major
consumer application areas. A mass conversion is not justified
at this tima.
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INTRODUCTION

This is & foracast of the ecnsequences of a PCB efflusnt standard
vhich cannot be met by capacitor manufacturars, and cousequently becomes
an effective ban. It is submitted by tha General Electric Company to
assist in the determination of appropriats effluent standards tela:ivt
to capacitor grade PCA. .

BACKGROTND

In the U.S., an 1np€r;nntud capacitor can be vary simply described

= Aluminum foil (around 0.22 il thick) which sarves as .
the electrodes.

« Sheets of dielectzic consisting of capacitor grade
. paper or combinations of this paper with plastic £ilm,
The dislectric iz positicned between the aluninun
alectrodes as it is wound into rolls.

An appropriate liquid 1npregnan:.

A sealed container. for :he capaci:or roll lnd impregnan:.

The cholice of dielectric materials, the number of sheets, and their
" thickneszes are all the result of many years of research and testing for
rveliability and consumer use safety. About 90-957 of liquid impregnated
capacitors contain PCB, and are critical components to the fluorescent

snd mercury vapor lighting, the electric motor and air conditioning
industries, and powver transmission by alectric ugilities. The dielectric
paper and plastic f£films (primarily polypropylene), aluminum foil, and PC3B
bave all been specially developed and concrolled for capacitor use and are
produced as "specialty" materials, -

Capacitor grade PCB is Aroclor 1016, manufactured only by Monsanto.
It {s primarily trichlorobiphenyl., It differs from all previocusly used
formulations in that practically asll of the higher boiling homologs--
vhich have given rise to reports of PCB in vild-life residuea--have been

removed. Introduced in 1971, it is now the only PCB used by the U.S,
capacitor industry. Compared to other formulations,
= it has a higher degree of bilodegradabilicy;

- 1t has a lower éegree of persistence in the eovircnmenc. ’
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IXI, CONSEQUENCES CF A _"BAN" TD THE CAPACITOR INDUSTRY

This evaluation addrasses itsalf to the situaticn vharain the
capacitor industry is effectivaly banned from using PCB3's.

A, Alternstive Impregnants

Alternative impregnants are unpzevnd in the U,S. capacitor 1ndultry.
Mineral oil vas the major impregnant before PCB's, aud it appears to
rapresent the best immediazte fallback position. Even though migeral
oil technology would put the industry back 30-40 years in prograss, it
still represents the bast cembinstion of known technology, materials
availability, and reliability. For these reasons, maineral oil impragnant
has bean selected at this time as the basis of comparison with PCB's.

Thera hasve baen a muxber of very active programs to develop non-PC3
impregnants, espacially after the environmental problem was recognized.
These programs are continuing in the industry, and it is expected that
sn improvement will be found which would be more acceptable than mingral
oll, As an example, ral Electric is using a phthalate ester as the
base for its non~-PCD Ecdnol impregnant, Ecbliol capacitors are being
sold commerclally where special situations requirs & non-PCB. This ia
the case whers U.S. elesctrical equipment, such as computers, 1- :o be
lhipped to Japan wher- PCB's are bagned. . . . .| :

!cgaol hll & higher dielec:zic constant (sea next Seetion 3 for
discussion of this property) than mineral oil, and consequentcly will
require less additional materials and manufacturing capscity. However,
limited availsbility of the phthalate ester, lack of appropriate manu-
facturing facilities, need for developing new efficient manufacturing
proecsses, and particularly the unknown factors of.raliability and safecy
in the broad consumer use areag such as lighting and sir conditioners are
‘some of the problems that prevent a near-term substitution.

Unless considarable time for the develcopment and svaluation of alternaci
liquids is permitted, the most suitable immediate stratagem sppears to be
the uge of mineral oil.

The virtuas of PCB impragnant and tha disadvantages of mineral oil
have been discussed in detail in & number of recent documents, Among these
documents ara the report of the Interdepartmental Task Force on PCB's
(C4-72-10419), a paper titled, "The Role of Polychlorinated Biphenyls in
Electrical Equipment' presented by General Electric on February 4, 1972,
and NEMA's Official Standards Proposal CP-P1-1973/TR-P6-1973, dated
January 25, 1923, .

All of thase documents hove pointoed out that PCB-tmp:egna:cd

capacitors are significontly smaller, more reliable and safer than mineral
oil impregnated capacicors and that use of mineral oil would return
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capacitor technology to its pre-1932 level. The substitution of mineral
oil for FPCB i{mpregnants would aecsssitace redesign of end esquipment to
utilize the larger capacitors, large incraases in capacitor manufacturiag

facilities (both plant snd equipment) and would tesult in increased use of
basic matarials vhich ars presently in short supply. ‘

Tha following is an attempt to quantify some of ths consequences
relatad to tha use of minsral oil as an alternscive impregnant.

3. Capseitor Manufacturing Capscity

Mineral oil impragnated capscitor eizes relative to PCB capacitors are
shown in Table 1. .

Table 1 « Ralative Size égggarisena

Types* AROCLOR 1016 Minersl 011 .
Suall Induscrial 1.0 2-2.5
m T 1. 0 ’ 2. 5'3 L] 2

#Small Industrial « Used in lighting, air conditioning, motors
and .eleczroaics.

Power = Llfgo.capacizorl used by electriec utilities and by
industry for induction. furnazces and power factor corraction.

The dialectric constant of a capacitor's dielectric system is the
zatio of its ability to stors electrostatic energy relative to air. The
dielectric constant of PCB impregnant ig 5.85 while that of miperal oil
is 2.25. Use of the lowar dielectric constant mineral oil in & paper
dielectric systém, assuming no change in the thickness of the paper
dielectric, would result in a capacitor which is 60% larger than the PCB

{mpregnated design., Additionally, howvever, use of mineral oil requires
that tha thickness of the paper dielectric be inereased to reduce the
operating stress on the system if equal life and reliasbility are to be
attained. In the case of lower voltage induscrial type capacitors, such
as thosa uced in fluorescent ballast gnd air conditioning applicatiens, the
dielectric thickness must dbe increased 10 to 25%. In power capacitors
operating at higher voltages, the dielectric thickness must be increased

25 to 40%. The larpger incrcase in the high voltage units {s related fo the

facet that corona initiation and extinction voltages of mineral oil impregnace

dielectric systcms are lower than those of PCB impregoated systems.

The spproximate doubling of physical size results in about half the
throughput of capacitors in existing manufacturing cquipment. The capacito
industry currently has little L{f any cxcess capacity to handle this, even i
adequate capacitor materisls supplies are assumued to be available.
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CONSPQUENCE - THE CAPACITY AND OUTPUT OF THE CAPACITOR INDUSTRY
WILL BE CUT APPROXIMATELY IN EALF,

€. Cspacitor Materials Availability

Tha following Table 2 estimates the capacitor industry requirements

for paper, foil, and 1np:n:nant based on the currantly used AROCLOR 101§
snd for minersl oil.

Table 2 - 1974 Capacitor Mararials Re.uireman:s

AROCLOR 1018 .Mineral 011 Change

Papar | 26 52-65. 100-150%
Al Poil 18 32-36 80-100%
Impregnant 26 35-42 35-60% -

There 13 a worldwide shortape of capacitor grade paper and
aluminum foil. The capacitor paper supply is expected to continue at
its present level of availability. Mineral oil impregnation will require
. at least twice the smount of materials to-produce’ the same cspacitance
as vith PCB's. Using the most cptimistic of the above numbers, ths total
capacitor industry’s requirements of Kraft paper dielectric, all of it
using imported pulp for its production, would increase by 2 to 2.5 tines
and its rvequiresents for aluminum electrode foil would increase by 1.80
to 2 times,

Total 1adus:ry requirements in 1974 for paper dielectric in PC3
impregnated capacitors is estimated at 26 million pounds. Based on recent
expericnce, this requirement is the limit that suppliers of this
typs of paper can produce with existing equipment. Adding facilities
to more than double tha present domestic output of paper is & task that
could not be complated in less than 4 to 5 years and the total investment
required by the paper manufacturers is estimated to axceed $200 million,
It is questionable that the paper industry would maks thig investment, facin

"the probability that future impregnant and design developments would nega:e
its nscd. ’ ) .

Alumimm foil is also in short supply. Some investment in foil-rolling

equipment {s 2lready under way at General Elcctric to alleviate the shortage
but sn adequate continuing supply of reroll aluminum stoek from which the th:

gauges of aluminum elcetrode material are made cannot ptescntly be assured

The supply of dielectric-grade mizeral oil required to :eplace PCB
impregnants 13 alao unassured. Doubling the size of capacitors would
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approximately double ths voluma of impregnant required. The eole manufactu:
of dislectric-grade mineral oil has recently aancunced that its manufacture
is being discontinusd. The fsasibdbility of supplying the capacitor induscry
on & timaly basis with 35 million pounds annually, starting from a productic
rate of zerp, 1is doubtful to say the leasc. )

CONSEQUENCE « THE CAPACITOR INDUSTRY WOULD BE ABLE fD SUPPLY ONLY
ABOUT 50% OF THE CURRENT CAPACITOR DEMAND BECAUSE OF MATERIAL SHORTAGES,

D, Costs

U.5. icmpregnated capacitor sales for 1974 are shown in Table 3.

Table 3 - Bgtimated 1976 Total Impregnated Capacitor Ssles

3 Millions
Szall Industrial 100
Power . 35

About 90-95% of these are PCB impragnated capacitors. It is estimated
that the cost of capacitors would inerease by at least 1002 in going to
- -mineral oil, -It is 'likely that there would be an added inflacionary force
vith demand far exceeding supply.

CONSEQUENCE - COST OF CAPACITIORS WOULD AT LEAST DOUBLE, AT CURRENT
PCB CAPACITOR SALES LEVELS, THIS WOULD ADD ABOUT $145 MILLION IN
CAPACITOR COSTS IO EQUIFMENT MANUFACTURERS, 7TI0 THIS WOULD BE ADDED
AT LEAST ANOTHER $200 MILLION IN COSTS AT THE END-CONSWMER LEVEL.

E. Reliability and Warranty

The life expectancy of capacitors exceedas 10 years for lighting (
applications and mora than 20 years in electric utility power cransmission
applications. Although capacitors are considered long-lived products,
there {s an ever presant danger of short life and early fallure. This can
be caused by a number of factors such as poor process control, materials
quality, mis-application, and mew product introduction with inadequate
koowledge and experience of rzliabilicey,

=
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The General Electric Company warrants its cspacitors for one year,
and has extended this warranty where capacitor failures have been
excessive and due to shortcomings in capacitor quality. The major
relisbility and varranty problems lie in the small industrial type capacitors
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such as used for lighting, motors, snd power supplies. The cspacitor
industry producas in the order of 100 million capacitors pet year. The
msjority of these units sall in the price range of 50¢ to $4. The sarvice
cost for replacing a failed capacitor is $20 to $25. The in-varranty
failure rate of Gensral Electric capacitors during tha first year {s well
undar 0.5%. We belisve that this reliabilicy is typical of the capacitor
industry in general. This performancs has been attainsd after many years

of developing the PC3 capacitor, and establishing expscted norma for failur
Tatss and servica lifs. :

The capacitor industry historically is vary carsful in introdueing
product and procsss changss becsuss small changes in failura rzate, which
are sxtramaly difficult to determine without years of service sxpsrience
and statistics, could result in excessive complaint and replacement costs.

For exz:pla, Table & shows the raplacemant cost {f the f£ailura rate during
the wvarranty period incresased by differeat levals.

Table 4 ~ Replacement Costs for Farly Yailurss

2 of Annually Installed Capacitors Pailing, over Existing Rate

Increase in’ Millions Cost at
Perecentage Points Replaced $25/Service Call
Lo e . ... §28 million
2.0 ' 2.0 " g5 o
3.0 3.0 $75 "

-In order to aveid tha consequences .of such warranty costs, the capacita:
industry would design any new fion-PCB products on the conservative side,
However, thars would still be a substantial risk associated with a mass
changeover to a new impragnant, especially in the end-consumer product area,
wvith esseatially no experieance on reliability and safety.

CONSEQUENCE - IF THE FAILURE RATE OF THE. 100 MILLION CAPACITORS

- PRODUCED IN ONE YEAR WERE TO INCREASE BY 1 TO ) PERCENTAGE POINTS,
THE REPLACEMENT COSTS AT $25 PER SERVICE CALL WOULD RUN FROM $25 to
$75 MILLION, THIS 1S THE MAGNITUDE OF THE CAPACITOR INDUSTRY'S
EXPOSURE IN GOING TO A NEW, UNTRIED IMPREGNANT ON A MASS BASIS.

CONSEQUENCES OF A "BAN'" TO CAPACITOR USERS

This section estimates the effect of & FCEB ban on customers and users
of capacitors.,

ankcin ANHALD)
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|
CRITICAL COMPONENT AVAILABILITY

|

Capacitors are & critical and necessary component in end-user
‘equipment,| particularly in small industrial applications. Without the
capacitor, the end product would not operate as designed. Ths eapacitor
shortage resulting from a "ban" on PCB capacitars would force a redustion

by st lsast balf from the normal productioa rate in the plants of capacitor
users.

M-mmmummmmu
MANUFACTURERS ADJUST TO THE SHORTAGE,

ELECTRIC POWER SYSTEM SAVINGS

The magnitude ‘of the anergy Icvnll uadc: discussion can be assessad
from the folluuins

= The U.S. eaplctcnr industry produces the .quivallat of
55 million kilovar par year.

« A kilovar is egquivalent to at lesat ] kilowatt of genarating

.capacity (scme estimactas placa this ratio of kilowatt/kilovar
at up to 1.4).

About 207 of the capacitors ara for replacement purposss, and the
..vemaining 802 are for nzw servics., -Thus, 44 million kilovars are installed
on new systems, Without thess capacitors, the gteam tutrbines and fuel
requirements would be relatively unaffected, but generators would be
lazrger to handle mors current, and certain components of transmission and
distribution systems (e.g., step-down transformers) would have to be lazrger
to prevent burn-out. Tha additional generating capacity for 44 million
kilovolt-amperes, priced incremeatally, would amount to about $300 millien;
the additional transmission and distribution equipment would amount to
about $700 millien,

CONSEQUENCE = REDUCED AVAILABILITY OF CAPACITORS WOULD
ADD FURTHER SUBSTANTIAL BURDEN 0 THE ENERGY SUPPLY
SITUATION,

POWER: SYSTEM STABILITY

The praceding discussion indicatcs that electrical energy requirements
could theoretically be met by using fewver capacitors and building oversize
generation, transmission and distribution components (at a severc economic
penalty). Such a system would be operating at low power factor -- or, in
other words, the system would be carrying a large component’ of useless
teactive volt-amperes in addition to the in-phase canponen: that represents
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energ?7 delivery. System« studies beve shown (see Economics of Kllovar
Supply by Campbell, Ros, and ?lee, Cenerai Electric Company, June 20, 1972]
that low power factor severely limits the capability of a power pool to
Import power from its neighbors during a losa-of-generation emergency.

CONSEQUENCE - CAPACITOR SHORTAGES WOULD MARE LARGE
POWER SYSTEMS SUBJECT TO CASCADING OUTAGES, OR
"BLACK-OUTS."

SIZE AND REPLACEMENT

As pointed out earlier, the else and eost of mineral oil impregnated
capacitors would be at least tvlca that of FC2 capacitors. The lighting
Industry has designed their ballasts for the smell size PCB capacitors.
Approximately 20X of ballast capacitors are used in the replacement market.
Many room air conditioners have no apaea for a larger capacitor if a
replacement la required. The capacitor Industry has continually moved to
reduce the size of capacitors. Equipment manufacturers have taken advaneag
of these size reductions, and have no room for size increases. In certain
eases, size limitations in the replacement market would force the scrapping
of good light fixtures and air conditioners.

CONSEQUENCE - UNAVAILABILITY OT SMALL SI1ZE CAPACITORS
WOULD FORCE THE EARLY OBSOLESCENCE OF GOOD, FUNCTIONAL
EQUIPMENT. - -

General Electric Company
November 19, 1973
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