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Greenhouse effect is a
real concern for the future
of our life on earth,
Electricity industries are
leading players for the
control of greenhouse
gases, mainly through
the generation of
electricity and the related
CO, production, less
known S5Fg widely used in
the electricity industry,
has a rather strong ‘global
warning potential’ and
has been put in the list of
the ‘greenhouse gases’
of the Kyoto Protocol.
It is therefore important to
know the most accurate
figures concerning this
gas and its emissions in
the atmosphere, for to-day
and for the mid-term.

It is the purpose of the
work carried out by
a CIGRE Working
Group 23.02 reported
in the following paper*.

* The paper can be download-
ed from the CIGRE web-site.
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A survey is given of the present sit-
uation concerning the environmental
implications of SFg used in electric
power equipment. Recently published
data on global SFy production and emis-
sion are critically evaluated and extrap-
olated to the future. They show that the
efforts of the electric industry, namely,
original equipment manufacturers
(OEM) and users of electric power
equipment {utilities) to reduce SFg emis-
sions are being successfuily imple-
mented and that 2 substantial further
emission reduction can be expected.

It is also shown that the envirdn-
mental impact of SFg cannot be judged
by its global warming potential (GWF)
alone, but that several other factors,
which are reviewed in detail, have to be
taken into consideration. Recommen-
dations are made for providing a basis
for a rational discussion of the issue.

INTRODUCTION

The high global warming potential of
SF¢ became known in 1995, as a conse-
quence of which the gas was put on the
list of greenhouse gases in the Kyato
protecol 1997 [1]. The high GWP of SFg
triggered various efforts to reduce its
emissions from SFg-insulated transmis-
sion and distribution (T&D) equipment.
These efforts range from improved seal-
ing of equipment over improved gas han-
dling procedures, systematic gas reuse

ernmental regulatory actions. Key issues
in the ongoing discussion on the envi-
ronmental impact of “electric” SFg are
the quantitative facts of atmospheric $Fg
emissions, the efficiency of engoing SF
emission reduction efforts and the role
of the SF 4 used in the electric industry in
a more general environmental context.
This note summarises the presently
known facts, tries to extrapolate them
into the future and presents, as conclu-
sion, suggestions for supporting a ratio-
nal discussion of the SFy issue.

FACTS AND TRENDS
OF ATMOSPHERIC
SF4 EMISSIONS

Key information for an evaluation of
the environmental impact of the SFg
used in the electrical industry (OEM
and utilities) is the alobal SFy batance,
which is controlled by production, bank-
ing of gas in newly installed electric
equipment and release into the atmo-
sphere by leakage and handling.

The global SFg production can be
inferred from the annual 5F, sales
world-wide, which were compiled by
the major SFy, producers world-wide
in two surveys [2] [3]. These data do not
include the SF production in Russia and
China and the losses at the 5Fg pro-
ducers themselves. The production in
Russia and China was estimated in [4] to



be 400 t/y in 1992 and 880 t/y in 1994.
For lack of proper data we tentatively
extrapolate these figures to 400 t/y
befcre 1995, a linear rise fram 1995 to
1998 and a constant value after 1998.
As the gas producers claim to have 5F
release rates 3.5 % to 8 % of their
sales [5], we will account for these by
adding an average of 3 % to the sales.
The thus corrected total production is
represented as the uppermost curve
in figure 1.

The annual rate at which SFy is
banked in newly installed electric
power equipment was estimated to
be 2000 t/y in 1995 [4]. This figure is
roughly consistent with an estimate of
the banking rate in GIS, which has
recently been evaluated by the CIGRE
WG 23.02. The rate at which electric
power equipment is being installed
world-wide has been approximately
constant over the last decade and is
expected to stay constant during the

next decade |6]. The banking in newly
installed equipment is assumed to
slowly decrease since 1997, because
the quantity of SFy required per instal-
lation goes down due to improved
design and other factors. We assume
the banking rate to decrease from
2000 t/y in 1996 to 1500 t/y in 2000 and
to 1200 t/y in 2010,

Unlike for electric applications, the
gas used for non-electric applications
is usually not recoverable. Most of this
gas is immediately released (e.g. cover
gas in the magnesium industry, semi-
conductor industry, military applica-
tions) and a smaller fraction of it is
released with some delay (e.qg. tires,
sport shoes, insulation in double-glazed
windows). For simplicity, we approxi-
mately assume immediate release of
all “non-electric” SFg. We then obtain
the calculated global atmospheric
release rate as the difference between
thie total production rate (upper- s e e

Measured atmospheric rdease
. L)
= = = Esfimated banking

rate [tons per year]

Y T 1 t
l l 1 '
| 1 1 1
_ | | ! !
B T R e e S
| 1 1 '
H 1 1 i
deodo oLl oL oo
1 ' 1 |
1 1 ' '
1 1 1 '
R e
1 1 | 1
1 ' | '
t . i '
AT To-mro -
1 : : 1
| i i 1
! | 1 1
I R Tt T R B B
r 1 1 '
r | 1 1
R | R R A
| 3 v I
| i t 1
| i H 1
dmmd o m Lo
3 1 ' '
1 i 1 H
! i | i
J O
1 1 |
' 1 . |
- Emm e mm
AT TITTTTTrT T
1 1 l |
1 | | |
1 1 i !
T T T r
1990 1995 2000 2005 2010}

Figure 1: Elements of global SF ¢ balance: The total atmospheric release rate {dot-dashed
curve) can be calculated as the difference between the total production rate (uppermost curve)
and the estimated rate of banking in newly installed electrical power equipment (lowest curve).
This caleulated release rate is seen te roughly coincide with the measured atmospheric emis-

sipn rate {solid curve with error bars).
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maost curve in figure 1) and the banking
rate in newly installed electrical power
equipment {lowest broken curve in fig-
ure 1). This calculated release rate is
represented by the dotted curve in fig-
ure 1 and can be checked against the
measured atmospheric 5Fg emission
rate represented by the curve with
attached error bars. This curve is deter-
mined from the increase of the SF, con-
centration in the atmosphere, which is
monitored by various atmospheric
research institutions {e.g. [7]). It is seen
that this measured emission rate
roughly coincides with the calculated
release rate, which confirms the approx-
imate consistency of the assumptions
that had to be made above.

In their global annual 5F 4 sales data
[2} [3] the major 5F, producers also
declare the fractions of the totat pro-
duction, which were seld to the utilities
and original eguipment manufacturers.
These data will be referred to as “sales”

— =Total sales (Rand 2000) Total release (OEM+Ulity)
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Figure 2: Glohal 5F4 balance of the electric industry: Total sales to (uppermost broken
curve} and total purc?uases by the electric industry (dot-dashed curve). Tetal release by the
electric industry (solid curve) as difference between purchases and banking rate as shown

in figure 1.
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to the electric industry and are shown
as the uppermost (broken) curve in fig-
ure 2 (data from the RAND study [3]}.
As the data in 2] and [3] are partly con-
tradictory it is important to cross-check
them with an independent data source,
namely, the purchases recorded by the
electric industry ({QEM and utiiities),
Such data have been published for
Japan [8], The European Union (EU 15)
[91]10] and the US [11]. As these regions
cover the vast majority of “electric” SFg
purchases world-wide they can be com-
pleted by estimates for the “rest of the
world”. The "bottom-up” data thus
obtained will be referred to as “pur-
chases” by the electric industry. Their
total (OEM + utilities) is represented by
the dot-dashed curve in figure 2. It is
seen that the sales data substantially
overestimate the purchases till about
1998. Possible reasons for this discrep-
ancy were discussed in detail in [4].
Around 1999 the data become approx-
imately consistent.

The purchases by the OEM are
partly banked in nawiy instatled equip-
ment and partly lost during testing,
manufacturing and commissioning.
Note that the banking of gas in new
equipment at commissioning is normally
handled under the responsibility of the
QEM. The purchases by the utilities
essentially cover leakage and handling
losses during equipment operation and
are therefore all released. Subtracting
the gas banked in newly installed elec-
tric equipment {see broken curve in fig-
ure 1) from the total purchase by the
electric industry one obtains an estimate
for the total release from the electric
industry, represented by the solid curve
in figure 2.

From figures 1 and 2 the following
cenclusions can be drawn for the pre-
sent (1999) situation:

¥ A substantial fraction of the annual
SF4 production is not used in con-
tained form (as it is in the electric
industry) but in applications with



immediate or eventual release to
the atmosphere.

¥ There is a clear decreasing trend in
the total SFy production and in the
SFg release from the electric indus-
try since 1996. From 1996 tc 1999
the electric industry has consider-
ably reduced its release with a fur-
ther falling trend for the future,
although new 5F¢ equipment con-
tinues to be installed.

* It should be noted that the
decrease of “electric” SF; emis-
slons starts already after 1996, i.e.
only one year after the high global
warming potential of 5Fg became
known in 1995. This indicates a
rapid reaction of the electric indus-
try to the problem.

» The eontinuing downward trend of
the “electric” SF4 emissions since
1996 shows that the electric indus-
try has started to implement envi-
ronmentally conscious SFg handling
practice world-wide. It should be
noted that such an implementation
is a tedious process, which requires

substantial capital investment in han-
dling equipment, time for person-
nel instruction and world-wide logis-
tic efforts.

¥ In [4] the SFg banked in electric
power equipment was estimated to
have been about 27 000 1 in 1995,
With the average annual banking rate
assumed in figure 1, the SF ¢ banked
in equipment in 1999 results about
30 000 t. With utility losses of about
1500 t/y this yields a world average
release rate from eperating equip-
ment (leakage + handling) of
=~ 5%/y. This value is higher than the
data retrieved by CIGRE for high volt-
age GIS[12]. These data indicate that
leakage losses from high voltage GIS
were in the range 0.5 ...1 %/y and
handling losses around 1...2 %/y. For
medium voltage distribution equip-
ment of the sealed-for-life type, total
losses during operation are much
lower still. The discrepancy between
the CIGRE figures and the world
average is most probably due to
emissions from regions where SFg
technplogies and handling e ee
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practice considerably below the
state of the art are still in use. As an
example of such regional differ-
ences, the total "electric” emission
from the European Union in 1995
was only 3 % of the global emission
‘whereas 15 % of the "electric” 5F,
was banked in this region [13]. Mhore
precise and regionally differentiated
statements will only become pos-
sible after more detailed data
become available.

As e}wvironmentally conscious 5Fg
handling in the electric industry is
presently still in the process of imple-
mentation, it is justified to extrapolate
the “electric” SFg emissions to the
future. For this purpose, we make the
following assumptions, which are all
based on presently established power
equipment technology and gas han-
dling practice and do not yet account
for future improvements:

¥ We can estimate an “ideal” lower

limit based on what would be

technicaily achievable without
regarding cost aspects. For this we
assume that the utifities reduce their

emissions to a total {leakage +

handling) of ~ 1 %/y. Figures in this

range have already been reported

in the past from some countries
(e.g. [14]). The figure of 1 %/y has
also been proposed in the draft of
the international electrotechnical
standard IEC 60517 [15] and has
already been agreed upon in some
voluntary emission reduction com-
mitments {e.g. [5} [8]}. Under the
assumption of a future annual bank-
ing rate as shown in figure 1, the
quantity of SFg banked in electric
equipment in 2010 will be approxi-
mately 45 000 t. This would result
in future emissions from operating
equipment of approximately 450
t/y. The original equipment manu-
facturers {OEM) are assumed to
reduce their loss rate to less than
4 % of the S5Fg they install in new
equipment. This figure has already
been committed to by an OEM
association [5]. For medium voltage
distribution equipment of the
sealed-for-life type even lower
losses are already presently
achieved. With a prospective bank-
ing rate of 1200 t/y this would cor-
respond to an OEM release of
about 50 t/y. The ideal lower limit
for emissions from the electric
industry would thus be about
500t/y world-wide.



» For a3 more realistic scenario we
have to consider cast aspects, dif-
ficulties to achieve world-wide
implementation of efficient gas han-
dling and remaining equipment
below state-of-the-art performance.
Under these conditions we assume
utility emissions of about 1000 t/y
and OEM losses of approximately
200 t/y resulting in total emissions
from the electric industry would be
about 1200 t/y.

The *ideal” lower limit and the real-
istic scenario estimates are represented
in figure 2 by the two levels marked
“ideal” and “realistic” for the year 2010.
They specify the range to which the
“electric” SFg, emissions are expec-ted
to decrease asymptotically.

With these estimates we come to
the following prospective conclusion:

¥ The electric industry (OEM + util-
ities) has the potential to reduce
its SFg emissions to about 1000
t/y world-wide which is a reduc-
tion of the 1995 value by more
than 60 % despite of a consider-
able increase in gas banked in
equipment. This is more than an
order of magnitude better than
the reduction requirements by the
Kyoto Protacol.

3. ONGOING SF,
EMISSION REDUC-
TION EFFORTS

Voluntary programs for the reduc-
tion of SFg emissions from the electric
industry were initiated briefly after the
high global warming potential (GWP)
of SFg had become known. These activ-
ities were organised by the electric
industry (electrotechnical committees,
OEM and utilities), SF¢ producers and
manufacturers of SFg handling and
recycling equipment. They consisted of:

1 - Promotion of appropriate
{state-of-the-art) SFg hand-
ling by international com-
mittees:

* |ssuing of recommendations for
environmentally responsible 5Fg
handling in the electric industry (e.g.
CAPIEL/UNIPEDE [16], IEC [17],
CIGRE [18-20])

+ Preparation of 5F, handling
guides for the electric industry (IEC
[17], CIGRE {19, 2Q]).

* Ensuring maximal reuse of 5F4 on
site and avoiding unnecessary trans-
port {return to the OEM or 5F4 pro-
ducer) [19] [20] 132}

2 - Activities of OEM (Original
Equipment Manufacturers):

¢ Improved equipment design to
reduce the quantity of 5F4 required
per installation and to reduce leak-
age.

+ Implementation of appropriate
SF¢ handling practice in test labo-
ratories, factories and on erection
sites.

» R&D activities to explore the fea-
sibility of SFg substitution (e.g. [21-
23))

» Environmental evaluation of 5Fg
insulated electric power equipment
by environmental lifecycle assess-
ment {LCA) [24} according to the
standard IS0 14040 [25].

3 - Activities of electric utilities
including:

* Improvement of gas handling pro-
cedures.

* Introduction of SFg inventories.

» Signing memoranda of under-
standing for emission reduction
with a government authority {e.g.
USA [26], Japan [S]). ses

Jaded Paanul

Bio. 200 - February 1002 ELECTRA




[l

|

Inviced Parer

72 ELECTRA 200 - Favrler 2002

4 - Activities of the SFg producers:

» Establiskment and updating of
global 5Fg production inventories
(2} [3]

* Offering take-back services for
used S5Fg

5 - Manufacturers of $Fg hand-
ling and recycling equipment:

» Performance improvement and
cost reduction of 5F handling and
recycling equipment

* Support of personnel ins-
truction.

4. SF IN A GENERAL
ENVIRONMENTAL
CONTEXT

Although 5F is one of the
strongest greenhouse gases by its
molecular properties, it is important to
put it into a general environmental con-
text and to do this in a quantitative way.
In this respect, the following aspects
are of particular importance for electric
power equipment:

SFg is one of many other man-made
greenhouse gases and is emitted in
comparatively small quantity. Its con-
tribution to global warming can be
approximately assessed in terms of
CO, - equivalent emission rates. ACO,
- equivalent emission rate is the actual
emission rate multiplied by the global
warming potential (GWF) of the gas. At
present {1999), the SFg emission from
the electric industry is about 2200 t/y
{see figure 2) which, with a GWP of 22
500 for $Fg [33], corresponds to 50 Mty
CO; equivalent. The total equivalent
emission of the other man-fade green-
house gases is presently 43 000 Mt /y
CO, equivalent {6]. The present share
of “electric” SFg in man-made green-
house gas emissions is therefore:

50 Mt/y (CO, equivalent) /
43 000 Mt/y ~ 1.16 107 - .1 % (1999}

As estimated above, the full imple-
mentation of appropriate SFg handling
in the electric industry will reduce the
“electric” 5F g emissions to abeut 1000
t/y correspending te - 23 Mt/y CQO,
equivalent. Considering that the global
emission rate of all man-made green-
house gases will have increased to
approximately 50 000 Mt/y CO, equiv-
alent in 2010 [6], the share of the elec-
tric SFg emission in reiation to the total
greenhouse gas emissions will then be

23 Mt/y (CO; equivalent) /
50000 Mt ~ 0.04 % (2010)

it can thus be concluded that the
"electric” SFg emissions, which are
already now quantitatively insi-
gnificant, will become irrelevant in
the future despite the ongoing
installation of SFg insulated power
equipment. This conclusion may
seem against intuitive expectation,
which considers only the molecular
property GWP and does not account
for the gquantitative emission 5Fg
data.

It has to be noted that the above
estimates do not yet account for the
positive environmental value of SFg
when it is viewed in the context of
an integral environmental evalua-
tion. Because of its high functional
efficiency SF allows to design very
compact equipment. This alows the
saving of materials and energy losses,
both of which substantially contribute
to the integral environmental impact.
These savings have to be balanced
against the negative impact of the SFg
losses. The procedure far such a bal-
ance is LCA (environmental life-
cycle assessment) according to the
international standard iSO 14040 [25].
LCA evaluates the integral environ-
mental impact of a technology and
allows, in particular, the assessment
of the relative contribution of SFg.
Applying LCA to a regional electric
power supply system [24] has led to
the result that the use of SFg-insula-
tion reduces the environmental impact



of the overall system. Material sav-
ings, lower energy losses ard cther
features enabled specificalty by SFg
over-compensate for the negative
impact of the 5F4 emissions. it has
therefore to be concluded that 5F,
in spite of its high GWP, may even
reduce the integral environmental
impact of electric power equip-
ment due to its extraordinary
functienal performance.

iIn contrast to many other green-
house gases, the SFg used in electric
power equipment is, by its very func-
tion, enclosed and is practically always
handled by expert personnel. In con-
trast to consumer products, it is there-
fore relatively easy to implement con-
servative gas handling, once the
necessary investments in gas handling
equipment and personnel instruction
have been made. The electric industry
has proven that it has started to
implement appropriate SFg handling
world-wide.

Several decades of intense and
comprehensive research have shown
that a functionally equivalent substi-
tute gas for 5F 4 does not exist for
physical reasons (e.g. [21]). As a conse-
quence, SFg substitution, if enforced,
would become technically difficult, eco-
nomically unacceptable and environ-
mentally disadvantageous, particularly
for high voltage transmission equip-
ment. Nevertheless,the OEMs are con-
tinuing research and development work
to identify performance niches {mainly
tower voltages and currents) in which
SFg-free equipment might eventually
become feasible. The 1997 Kyoto pro-
tocol for the reduction of greenhouse
gas emissions {1] explicitly lists $Fg as
the gas with the highest global warm-
ing potential. This obliges all partici-
pating countries to achieve SF g emis-
sion reduction. The methods by which
governmental institutions try to achieve
this goal and the reduction levels they
have as targets are at the choice of the

countries. Presently, three major con-
cepts of governmental action can be
recognised:

a} Establishment of nationa! $F,
inventories {e.g. in Brazil [14], EU [27],
D [28] [29], Japan [5]).

b) Voluntary agreements on SFg
emission reduction between govern-
ment and electric industry (e.g. in U5
[28], Japan [5], D [30]).

¢) Straightforward taxation of SFg
as greenhouse gas and/or programmed
phase-out (e.g. DK [31]). Whereas the
establishment of national 5F4 invento-
ries is necessary and veluntary emission
reduction agreements have already
proven to be efficient, straightforward
taxation and/or phase-out call for
remarks:
= Such measures are solely based
on a materizl specific property {the
global warming potential} and dis-
regard functional aspects, the role
of the gas in the context of aninte-
gral environmental impact assess-
ment {LCA) and the economic con-
sequences.

» Such“measures will have several
{(probably umintended) counter-

productive consequences.e» s

|
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They will cause a cost increase for
maintaining and retrofitting existing
SFg power egquipment. They will
enforce technelogies with increas-
ed cost and (integral) environmen-
tal impact. They may even make it
impossible to provide certain vital
functions in the T&D system, which
can not be realised technically with-
out SFg, without reverting to his-
torical technologies which were
phased out decades ago, not only
for economic but also for safety and
environmental reasons.

5. RECOMMEN-
DATIONS

Based on the facts and figures pre-
sented in this paper it is recommended
that:

{1} Information of the kind presented
in this document is made available on
the CIGRE SF¢ web-site and regularly
updated, with free access for CIGRE
members and non-members.

{2) CIGRE includes instructions on
the establishment of SFg inventories
in the planned practical SFy handling
guide presently in preparation. These
instructions could be based on the
CAPIEL inventory Methodology which
is based on the Tier 3b Mass Balance
Methodology according to IPCC Gooed
Practice [10].

{3} CIGRE develops a sample form
for a voluntary SFg emission reduction
agreement between government and
electric industry. This form could be
based on existing documents of this
type (e.g. US [268], Japan [5], D [30]).

(4) Background information of the
kind presented in this document is
made available to governmental insti-
tutions and their consultants and to all
relevant international and national orga-
nizations in order to provide informa-
tion on the quantitative aspects of 5F
use in the electric industry. This is
expected to help putting the ongoing
SF¢ discussion on a rational basis.

nizations in order to provide informa-
tion on the quantitative aspects of 5F
use in the electric industry. This is
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