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An eco-efficiency analysis was performed in
order to compare the environmental impacts
and the costs from all life cycle stages of two
copper wire enamel solvents, cresol and
propylene carbonate.

Wire coatings, especially those based on
polyester imides, are traditionally produced
with cresol as the solvent. Propylene
carbonate can also be used as an alternative
solvent.

The eco-efficiency analysis showed that the
environmental impacts between the two
solvents are more striking than the
differences in the life-cycle costs. Propylene
carbonate is the most eco-efficient copper
wire enamel solvent.
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Requirements met

1. Accomplished Eco-Efficiency Analysis according to the
methodology certified by TUV Rheinland/ Berlin-Brandenburg,
Germany.

2. Verification of propylene carbonate to be more eco-efficient
for the use as a solvent in wire coatings than other alternatives.

3. Third party evaluation by Prof. Shonnard, Michigan Tech
University (USA) (so-called Critical Review according SO
14040 ff.).

4. Publication of the results via internet on website
. which is referred to on the label.

5. Payment of the licence fee for the duration of three years.
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Certificate

CERTIFICATE

Eco-Efficiency Analysis

1-ANALYSE
“Solvents in Wire Coatings*

*

The evaluation of environmental and economic
effects of "Solents inWire Coatings" by using an
eco-efficiency analysis according to the validated
method is certified.

"
cy anaLysis @

@ OKOEFFIZIg

ECO-EFFIC\®

1¥ place

m.u:n:;;tuzzl::lmu::?;:r:llt:;zinn BASF A G, CZD:"MG

fo the BASF mothod for use as a
solvent in wire coatings is gramted the right to use the Eco-Efficiency

waw.0esa de

Label in the presented form for

Propylienecarbonate

for a duration of three years.

The main results are published under
wWww.ceea.de .

Ludwigshafen, 12.01.2004

Dr. M. Kayser Dr. A. Kicherer
Vice President Product Safety Group Leader Eco-Efficiency
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“enamels

Silke Schmidt, GUP/CE
Hansjorg Nickel, E-CZD/MG -
Dominik Born, E-CZD/MG ,5':1',

il "' " s m-wﬁ. = - ; S W MMgan Technological University
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o, - - - - = = PavieR. ‘Shonnard, -Riat, PO e
i i ":‘ Department of Chemical Engineeing. - -
L udwi hafen. Januarv 2003 8 i Mighigan-Technological fniversity ,
ud JSHia ! v/ PHoughton,MI49931 USA

Validated eco-efficiency analysis method
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Objectives and planned use of the study

Objective of the study

A comparison was carried out between the use of propylene carbonate and cresol as
solvents in the coating of wires.

The application properties of propylene carbonate are comparable to those of cresol. All
quantitative and qualitative differences will be included if possible.

Use of the study Target groups of the study
— Internal strategy finding — BASF Research
— Opening up of a new market for — Decision-maker BASF
propylene carbonate — Decision-maker CZD/MG
— Customers
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System boundaries

Production Use Disposal
licati ¢ Disposal
Raw materials production and transportation Application of L of
| the wire enamel I-b contaminated
wastes
v v l from the coating
propylene Polyester imide
carbonate (PC) . (PEI) Application of a
wire enamel lubricant
| |
) 2
PEI dissolved
in PC/ cresol

»  Copper wire
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Process scheme

Removal of drawing Drawing of .
solvent . e . === Copper wire
i agent residues the wire
PEI dissolved
in solvent
polyester I
imides |

Coating of the metallically pure copper wire in the coating plant

Application of the enamel;
40% polyester imide (PEIl) wire enamel with 60% solvent

Stoving;
solvent evaporated and supplies energy for stoving;
crosslinking of the enamel

I
Cooling by air

Wire is passed through coating plant 6-10 times

Coating with lubricant Winding wire
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Comparison of alternative solvents for the production of wire
enamels

=
N

Customer-
related

benefit: @ Propylene carbonate

Production of
solvents for the
manufacture of
wire enamels for
the coating of
1,000 m of
winding wire

(2 0.71mm)
(winding wire for
use in motors)

® Cresol

-
o

Environmental impact (normalized)

-
w

-

w

1.0 0.7

Costs (normalized)
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Interpretation of the eco-efficiency portfolio

* Propylene carbonate is the most eco-efficient alternative for the coating of
wires (distance from the diagonal is a measure for the eco-efficiency).

« The high environmental impact of cresol is due mainly to the high toxicity
potential and the high risk potential of the solvent. Energy consumption,
materials consumption and emissions only show slight differences between
the individual alternatives.

« The costs for the two alternatives are about the same (propylene carbonate
0,588 Euro/CB; cresol 0,6 Euro/CB). The slight difference is due to the
amount of solvent naphtha which is a little bit higher when cresol is used
and the more expensive disposal of the residues from the cresolic
alternative.
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Total costs
200 1.82 1.83
175 O Disposal
Coating
1.50 O Solvent naphtha
m 125 Cresol
@)
= E Propylene
u% 1.00 carbonate
0.75 O Enamel
production
0.50
0.25
0.00 .
Propylene carbonate Cresol
Propylene carbonate: 1,30 Euro/kg
Cresol: 1,50 Euro/kg
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Ecological fingerprint according to BASF

Energy consumptiol

1.00
H Arearequired Emissions B Propylene carbonate
—— Cresol
0
B Materials Toxicity potential Bl
consumption

Risk potential B

Least favorable
alternative = 1; all
others evaluated
relative to this
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Interpretation of the ecological fingerprint

« There are no major differences in energy consumption, materials
consumption and emissions between the alternatives considered.

« The different area required by the alternatives is due to the amount of
solvent necessary for the customer's benefit.

« The main differences in the ecological fingerprint are obvious from the
toxicity and risk potentials; cresol has both a high toxicity potential and a
high risk potential.
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Energy consumption of the alternatives

150.0 119.0 128.5
Coating
125.0 Solvent naphtha
Cresol
100.0- E Propylene
% carbonate
; 75.0- O Enamel
production
50.0
25.1
25.0
27.9 27.9
0.0 .
Propylene carbonate Cresol
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Comparison of the normalized materials consumption figures

40
O Sand
35 T Bauxite
30 S Limestone
O lIron ore
Q 25 T Phosphate
g 20 I @ Sulfur
=~ I Rock salt
15 O Lignite
10 —] @ Oil
5 L @ Coal
O Gas
0 - .

Propylene carbonate Cresol
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Comparison of the global warming potentials (GWP)

6000
Coating
5000 O Solvent naphtha
Cresol
m 4000 -
@) Propylene carbonate
(2}
c O Enamel production
S 3000- P
=
-}
(on
O 2000+
@)
®)
(@]
1000 -
0 .

Propylene carbonate Cresol

The emissions of CO,, CH,, HHC and N,O are weighted according to their greenhouse potential.
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Comparison of the photochemical ozone creation potentials (POCP)

1.2
Coatin

D10 2
I 00 Solvent naphtha
C
% s Cresol
>
o 06 E Propylene carbonate
3 :
2 O Enamel production
()
c 04
©
(@)

0.2

0.0 T

Propylene carbonate Cresol

The emissions of CH, and NM VOCs are weighted according to their impact .

g
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Comparison of the acidification potentials (AP)

40 Coating
35 ' O Solvent naphtha
8 O Enamel production
@ 2 ' @ Cresol
E 25 | Propylene carbonate
2
5 20 |
o
8(\1 15'
o> 10
T
0 - ; |

Propylene carbonate Cresol

NO,, SO,, HCl and NH; emissions are weighted according to their potential.

2
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Comparison of the ozone depletion potential (ODP)

0.00300
Coating

mn 0.00250 O Solvent naphtha
@)
B
£ 0.00200 Cresol
% E Propylene carbonate
§- 0.00150 O Enamel production
()
@)
(@)

0.00050

0.00000 -

Propylene carbonate Cresol
The emissions of halogenated hydrocarbons are weighted according to their impact.
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Notes on the air emissions

The energy required for the coating process is the major contributor to global
warming and acidification potential, however, these contributions are the same for
both solvent alternatives. Since the energy required is independent of the solvent
needed, the main differences of the individual potentials are due almost
exclusively to the production of the solvents themselves.

The high ozone depletion potential of the production of propylene carbonate is
caused by the release of a relatively high amount of halogenated hydrocarbons.
However, the ODP altogether has no impact on the emissions (cf. page 61; share of
the ODP in the relevance of the air emissions: 2%).

The production of cresol generally has a high impact on the air emissions
considered.

@ Eco-Efficiency 25012004 20
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Comparison of the normalized water emissions

o 1000 .

O 900 - Coating

T O Solvent naphtha

0 8001 O Enamel production
E 700 - Cresol

%’ 600 - Propylene carbonate
Q -

§ 500

"q_,_) 400 N

§ 300 -

< 2007

O

= 100

@) 0-

Propylene carbonate Cresol

*
Release of a high amount of chloride in the production of the starting material propylene
oxide.

*%
Release of phosphate in the production of the intermediates in cresol production.
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Comparison of the normalized solid waste generation

0.7
Coating
- O Solvent naphtha
0.5- - O Enamel production
m Cresol
O = |
[o) 0.4 Propylene carbonate
©
= 0.31 |
0.2
0.1
gol— ]l ee—
ﬁ Propylene carbonate Cresol

ﬁ] Eco-Efficiency 25012004 22




Erédsul:t Qagszng esellschaft B ASF

Regulations, Toxicology and Ecology

Comparison of the toxicity potentials

1.20 U
% Disposal of wastes from
G the coating
1.00
Release of solvent
naphtha
0.80
O Release of the solvent in the
application of the wire enamel
0.60
Production of solvent
T naphtha
040 Reszend
O Production of the wire enamel
0.20 1
Production of the solvent
0.00 - T

~ Propylene carbonate Cresol
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Comparison of the risk potentials

1.2
O Hazards to soil and surface waters
by spilling or the like
1.0
O Disposal of operating
supplies from the coating
0.8 —
O Coating of the wires
(included: MAK value of the solvent)
0.6 |
@ Risk in transportation
0.4 —
O Shortage of the raw materials required
0.2
O Occupational accidents in the chemical
industry
0.0 T .

Propylene carbonate Cresol
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Scenario 1:
The risk of a raw material shortage of cresol no longer exists.

=)
@ 0.7
Customer- " —
related © © Propylene carbonate
benefit: g
e
Production of ~
solvents for the © ® Cresol
manufacture of ©
wire enamels for Q. 1.0
the coating of g
1,000 m of = Conclusion:
winding wire )
(@ 0.71 mm) C Even if the risk of
(winding wire for dE’ cresol shortage is
use in motors) c no longer a realistic
(o) risk the propylene
i carbonate is the
> more eco-efficient
LICJ 1.3 alternative.The risk
potential has only a
1.3 1.0 0.7 slightinfluence on
g the result.
Light balls in the portfolio Costs (norma"zed)

show the base case.
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Scenario 2:
The solid content of the enamels is increased from 40% to 45% for the
enamel containing cresol.

0.7 _
High
Customer- eco-efficiency
related © Propylene carbonate
benefit:

Production of
solvents for the
manufacture of

@ Cresol

1.0

wire enamels for
the coating of
1,000 m of
winding wire

(@ 0.71mm)
(winding wire for
use in motors)

Conclusion:

If less Cresol is
needed, the cresol
alternative gets a
little bit better
concening its bad
environmental
influence.

1.0 0.7 Propylencarbonat is
still the most eco-

Light balls in the portfolio Costs (normalized) efficient alternative
show the base case.

Environmental impact (normalized)
w

-
w

arn
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Scenario 3:
The solid content of the enamels is increased from 40% to 45% for the
enamel containing propylene carbonate.

BASF

(winding wire for
use in motors)

-
w

Light balls in the portfolio
show the base case.

arn

>
L ]
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0.7

Costs (normalized)

is needed, the
alternative gets a
little bit better
concening its
environmental
influence.
Propylencarbonat is
clearly the most
eco-efficient
alternative.

—
S 07
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Customer- — eco-efficiency|
related © © Propylene carbonate
benefit: g
o
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Production of ~—
solvents for the © @® Cresol
manufacture of ©
wire enamels for — 1.0 ,
the coating of § Conclusion:
1,000 m of r- "
winding wire - ess
(%] 0.7§1J mm) q:, Propylencarbonat
£
c
o
=
>
c
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Critical Review

Reviewer:

David R. Shonnard, Prof., Ph.D.
Department of Chemical Engineering
Michigan-Technological University
Houghton, Ml 49931 USA

Extract from the summary:

“...Overall, the inventory data for materials utilization and emissions are accurate.
No major data inconsistencies with a negative impact on the quality of the study were
detected, and the data and methods were presented transparently in the report.

The main conclusion that propylene carbonate is more eco-efficient compared to the
cresol as a solvent in this wire coating application is consistent with the goals and
assumptions of the study. The results of the study are highly credible.

The entire study has been made in accordance with ISO 14040 - 14043. ...”
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Eco-Efficiency Manager

BASF Aktiengesellschaft has developed a so-called Eco-Efficiency Manager,
an easy-to-use program which enables customers to calculate eco-efficiency
for their own specific situation.

The manager is available for customers (see contact).

Comparison of the use of propylene carbonate and cresol

| ts in t . o
. . . Explanation |
T he figures in the blue fields can be changed!
Eunctional Unit: enamel wire coating of meters of wire (0,71 mm diameters) Ecological Fingerprint | FelaEes Fesas |
Amount of required coating: -
Amount of enamel required calculated through the round copper weight: Risk Potential | Calculatng Factors |

weight of the round copperl |kg / meter Diagrams |

percentage ofthe coating (wet weight):I
. 0,7
energy for the coatmgl:I kWh/ meter

higﬂ
eco-efficien © propyle ne
Alte mative A: polyester imide in propylene carbonate

)
ﬁ cartbonae
e — £
)
Altemative B: polyester imide incresol| < © cresol
k3]
Amount of wet film 1 g- 1,0
[
propylene carbonate |:|€/kg £
cresol | |€/kg ‘;'
[=
I}

solvent naphtha I:|€/kg N\
1,3
costsof the PEIs I (= 1,3 1,0 0,7

costs (normaliz ed)

arn
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Contact

For more information about propylene carbonate and
the Eco-Efficiency Manager please contact:

Hansjoerg Nickel

BASF Aktiengesellschaft
CZD/MG

+49 621 60-49260
Hansjoerg.nickel@basf-ag.de

For more information about the eco-efficiency analysis please contact:

Silke Schmidt

BASF Aktiengesellschaft
GU/BK

+49 621 60-76848
Silke.01.schmidt@basf-ag.de
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