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The Uruguay Round Elimination of Duties
on Pharmaceuticals: Developments in the

2 Years Since ImBlementation

David Michels/Elizabeth Nesbitt

(202) 205-3352

dmichels@usitc.gov

The United States and most of its major trading partners agreed to eliminate
duties on substantially all pharmaceuticals and on certain chemicals and
semifinished goods during the Uruguay Round of multilateral trade
negotiations. Duties were eliminated on January 1, 1995, when the
Uruguay Round Agreements (URA) entered into force. Since the date of
implementation, world trade in the covered products has continued to
expand at a rate relative to the rate of expansion in the years just prior to
implementation. The elimination of duties on pharmaceuticals is expected
to encourage further consolidation among world producers and expansion
of trade, and to sharpen world competition, particularly in generic
Ppharmaceutical products. This article examines the trends in the U.S.
Ppharmaceutical industry and pharmaceutical trade during 1995-96 as
compared with 1993-94 before the elimination of duties went into effect.

During the Uruguay Round, the United States sought the reciprocal elimination of duties
(“zero-for-zero) among major trading countries in a wide range of sectors of key interest to
U.S. firms. The U.S. zero-for-zero initiative was achieved in only some sectors, and one of
those was the pharmaceuticals sector. Under the URA, the United States and 16 other
countries' agreed to eliminate their most-favored-nation duties on about 7,000
pharmaceuticals and chemical intermediates used primarily for the production of
pharmaceuticals. These countries also agreed to conduct a review at least once every 3 years
to identify products to be added to the list of covered products.? The pharmaceutical and
intermediate products initially covered by the elimination of duties are highlighted in the text
box.

! The EU-12, Switzerland, Norway, Japan, and Canada.

? Negotiators from several World Trade Organization (WTO) members, including the United
States, engaged in the first review in early 1996 and reached agreement on the addition of 496
pharmaceutical products and chemical intermediates used for producing pharmaceuticals. Of these
products, 262 are pharmaceutical products with International Nonproprietary Names (INNs) and
234 are chemical intermediates. Duties on these additional products and their derivatives were
eliminated as of April 1, 1997.
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Pharmaceutical Products Covered by Reciprocal Duty Elimination

The pharmaceuticals portion of the Uruguay Round Agreements covering reciprocal
elimination of duties in the pharmaceuticals sector covers a list of goods in four
annexes.! They are --

. Pharmaceutical active ingredients having an International Nonproprietary
Name (INN) from the World Health Organization, and designated in annex I.
. Salts, esters, and hydrates of pharmaceutical products that are described by the

combination of an INN active ingredient contained in annex I with a prefix or
suffix as designated in annex II, as long as such salt, ester, or hydrate is
classified in the same 6-digit HS subheading as the INN active ingredient.

. Salts, esters, and hydrates of INN active ingredients that are separately
contained in annex III and that are not classified in the same 6-digit HS
subheading as the INN active ingredient.

. Additional products used for the production and manufacture of finished
pharmaceuticals, as well as certain finished pharmaceutical products, as
designated in Annex IV.

In addition, most-favored-nation duties are eliminated on the following:

. Items included in chapter 30 of the Harmonized System (HS) -- formulated
and/or packaged drugs.
. Items included in HS headings 2936, 2937, 2939, and 2941-- mainly bulk

active ingredients for drugs in certain therapeutic classes.

! Exceptions to the product coverage include those items identified as agriculture products in the
Agreement on Agriculture and specific products--Levomenthol, Monosodium glutamate, Paracetamol (also
known as acetaminophen), Ibuprofen, and Dihydrostreptomycin (including its salts, esters, and hydrates).

The products accorded the reciprocal duty elimination are classified in several HS provisions
and chapters. Those products classified in chapter 30 of the HS are the finished
pharmaceuticals that have been packaged for retail sale, including dosage forms. Bulk
products that are not in dosage form, but are used as active ingredients in pharmaceuticals,
are generally classified in chapter 29 of the HS.> Within chapter 29, certain classes of bulk
active ingredients classified as vitamins (HS 2936), hormones (HS 2937), glycosides and
alkaloids (HS 2939), or antibiotics (HS 2941) enter free of duty under the reciprocal tariff
treatment. U.S. imports of other bulk pharmaceuticals classified in chapter 29, as well as those

% Once bulk active ingredients are finished into dosage-form products such as tablets, capsules,
ampules, ointments and powders--through the addition of fillers or diluents, binders, flavorings,
ointment bases or stabilizers, or further processing such as microencapsulation--they are classified
in chapter 30. INNs (text box) refer to specific chemical products, whether they are in bulk or
dosage form.
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in other chapters,* that are provided for in the pharmaceuticals appendix and which enter
under a subheading which has a letter “K” in the special rate of duty subcolumn of the
Harmonized Tariff Schedule of the United States (HTS) are eligible for duty-free entry.

A summary of recent trade in the products covered by the initial agreement is provided in
table 1. Along with other tables presented in this article, table 1 compares developments in
the pharmaceutical industry in the pre-zero-for-zero period (from 1992-94) and the post-zero-
for-zero period (from 1994-96).

Trade Shifts Associated with Tariff Elimination

The tariff eliminations that became effective January 1, 1995, pursuant to the “zero-for-zero”
agreement amounted to a removal of the average 4.23 percent ad valorem U.S. duty rate for
pharmaceutical products compared with the elimination of the somewhat higher average duty
rates previously levied by the EU and Japan (figure 1).° The major export markets for

Figure 1
Average pre-URA duty rates for pharmaceutical products eliminated under the zero-for-zero
agreement

5.89% 4.73% 4.23%

European Japan United
Union States

Source: U.S. Department of Commerce, International Trade Administration.

* In addition to chapter 29 of the HTS, bulk INN products are classified in chapters 28, 31, 32,
34, 35, 38, and 39.

3 U.S. Department of Commerce , International Trade Administration, Uruguay Round
Opportunities: Pharmaceuticals, Sept. 22, 1995.

3
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Table 1
U.S. Imports and exports of pharmaceutical products covered by the reciprocal duty eliminations, by
Harmonized Tariff Schedule (HTS) product group, 1992-1996

Average Average

annual annual
change, - change,
HTS product group 1992 1993 1994 1995 1996 1992-94  1994-96
1,000 dollars Percent
Imports:
Bulk active ingredients:
2936-Vitamins ....... 343,692 426414 505,358 558,548 627,081 21 1
2937-Hormones . ... .. 94832 101,979 134,296 177,075 271,258 19 42
2939-Alkaloids .. ..... 173,480 174,883 184,155 198,497 481,323 3 62
2941-Antibiotics ... ... 454310 512477 582,795 753,051 828,647 13 19
30-Pharmaceutical
products (finished
dosage) ............ 2,809,729 3,008,529 3,360,113 3,905410 4,920,476 9 21
Subtotal .......... 3,876,043 4,224,282 4,766,717 5,592,681 7,128,785 1 22
“Other bulk 'K’
pharmaceuticals” and
chemical intermediates
covered in the Appendix
ofthe HTS' ......... & @) (® 3,896,865 5,267,651 ® 335
Total, selected groups. 3,876,043 4,224,282 4,766,717 5,592,581 *7,128,785 11 22
Exports:
Bulk active ingredients:
2936-Vitamins ....... 123,398 135,163 187,359 318,316 318,746 23 30
2937-Hormones . . .. .. 360,354 427,953 376,131 374,860 321,794 2 -8
2939-Alkaloids . ...... 16,440 22,504 @ 22,949 19,860 25,589 18 6
2941-Antibiotics . .. ... 1,438,776 1,094,139 1,008,831 1,052,465 1,013,405 -16 0
30-Pharmaceutical
products (finished
dosage) ............ 3,616,579 4,012,946 4,487,107 4,637,276 5,457,389 1 10
Subtotal ......... 5,555,547 5,692,705 6,082,377 6,402,777 7,136,923 5 8
“Other bulk 'K’
pharmaceuticals” and
chemical intermediates
covered in the Appendix
of the HTS' ......... e ® ® ® e ® ®
Total, selected groups. 5,555,647 5,692,705 6,082,377 6,402,777 7,136,923 5 8

1 Includes imported bulk products covered by the pharmaceuticals appendix that are classified in chapter 29 and
in other chapters, and which enter under an HTS subheading that has a letter “K” in the special rate of duty column
of the HTS. The categories of pharmaceuticals included are ethical, or prescription drugs, and over-the-counter
(OTC) preparations. OTC preparations include many widely available cough, cold, and pain remedies, while
prescription drugs are those dispensed at the direction of a licensed health care official.

2 Not available.

3 A measure of the change in import trade since implementation of the reciprocal duty elimination is shown by the
annual change from 1995-96.

“ For purposes of comparison, total does not include 1995 or 1996 imports of the group “Other bulk 'K’
pharmaceuticals” and pharmaceutical chemical intermediates covered in the Appendix of the HTS" shown above.

Source: Official statistics of the U.S. Department of Commerce.
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U.S. pharmaceuticals are Japan and the EU. Since the United States had the lowest average
tariff rate on pharmaceuticals among its major trading partners prior to implementation of the
URA, the average U.S. reduction in rates was the smallest. U.S. exporters, therefore, should
potentially receive the largest benefit from the duty elimination.

Although certain categories of U.S. exports have shown significant gains (table 1), the
greatest impact of the duty eliminations on the U.S. industry in 1995 and 1996 appears to be
the increase in all categories of U.S. imports.® Imports of pharmaceuticals classified in HS
headings 2936, 2937, 2939, 2941 and chapter 30 increased by $2.4 billion from 1994-96,
compared with an increase of $890 million from 1992-94. Imports of antibiotics, the largest
category of bulk active ingredients by trade value, increased by an average annual 13 percent
from $454 million in 1992 to $583 million in 1994, and then by 19 percent to $829 million
from 1994-96. Other products covered by chapter 30 increased by an average annual
9 percent from 1992 levels to a total of $3.4 billion in 1994, and then by 21 percent to $4.9
billion from 1994-96. The bulk “K” pharmaceuticals, including chemical intermediates,
amounted to nearly $3.9 billion in 1995, and increased by 35 percent to $5.3 billion in 1996.
Members of the EU and other WTO signatories that agreed to eliminate duties dominate the
mix of these “K” pharmaceutical import sources. Industry sources indicate that company
mergers and large-scale foreign plants principally have resulted in the more economical
production of bulk active ingredients overseas whereas finishing and formulation typically
occurs in the United States.

It is likely that the elimination of duties in key U.S. export markets contributed to increased
exports by U.S. firms to those markets. Although total exports of pharmaceuticals ’ grew
overall by an average annual 5 percent in the pre-zero-for-zero period (1992-94) and by 8
percent in the post-zero-for-zero period (1994-96), year-to-year growth in exports was the
largest in 1995-96 (11 percent).® The export category with the largest absolute gain and
average annual growth (30 percent) from 1994-96 was vitamins and provitamins (HS heading
2936).

The duty savings on imports for the industry, calculated for finished dosage form
pharmaceuticals and bulk antibiotics, hormones, vitamins and alkaloids, amounted to an
estimated $201 million in 1995 and approximately $318 million in 1996 (table 2).°
Additionally, the duty savings for bulk, unfinished pharmaceutical products and intermediates

¢ Industry sources have indicated that in addition to the duty elimination, other factors that may
account for the increase in imports include an increase in foreign production of “off-patent” or
generic drugs, and production shifts resulting from recent merger and acquisition activity.

7 Trade data for U.S. exports of the products denoted by the “K” special rate symbol are not
available because the agreement concerns tariff treatment for imported products and has no
provisions for requiring the reporting of exports.

8 Additional factors influencing export growth are addressed in the next section relative to
certain U.S. pharmaceutical sales abroad.

® The duty savings for this product group are calculated based on ad valorem equivalent (AVE)
rates of duty for 1994 and comparable adjustments of import levels already accorded duty-free
treatment under the Generalized System of Preferences, the United States-Israel Free Trade
Agreement, the Caribbean Basin Economic Recovery Act, and the North American Free Trade
Act.



OCTOBER 1997

Pharmaceuticals Industry, Trade, and Technology Review

Table 2

“Dutiable” imports, duty rate, and calculated duty savings, by Harmonized Tariff Schedule (HTS)
product groups, 1995 and 1996 (projected)

1995 1996
1995 calculated estimated
“dutiable” 1996 Estimated duty duty
HTS product group imports’ imports  duty rate? savings® savings*
—— 1,000 dollars — Percent —— 1,000 dollars—
Bulk active ingredients:
2936 - Vitamins and provitamins . ... 548,260 627,081 45 24,672 28,219
2937 -Hormones ................ 168,938 271,258 3.9 6,589 10,579
2939-Alkaloids ................. 169,200 481,323 4.8 8,122 23,104
2941 - Antibiotics ................ 684,305 828,647 48 32,847 39,775
30 - Pharmaceutical products (finished
dosage) . ......caiiiiiiiiii 2,933,635 4,920,476 44 129,080 216,501

Subtotal, bulk actives and dosage
form pharmaceuticals ........ 4,504,338 7,128,785 ® 201,310 318,178
“Other bulk 'K' pharmaceuticals” and
chemical intermediates covered in the
Appendixofthe HTS ............. 3,896,865 5,267,651 6.4 249,399 337,130

Total, allgroups ............... 8,401,203 12,396,436 ¢ 450,709 655,308

1 The “dutiable” value of 1995 imports represents that portion of 1995 imports that would have been dutiable
in the absence of the URA duty-free provisions.
2 Estimated by the staff of the U.S. International Trade Commission based on 1994 ad valorem equivalent

rates of duty.

3 Calculated by multiplying estimated duty rate by 1995 “dutiable” imports except for the subtotal and total.
4 Calculated by multiplying estimated duty rate by 1996 imports except for the subtotal and total.
5 Not applicable.

Source: U.S. Department of Commerce and estimates by the staff of the U.S. International Trade Commission.

(the “K” imports covered by the pharmaceuticals appendix) amounted to an estimated $249
million in 1995, based on 1994 AVE rates of duty. The total revenue impact is a duty savings
estimated at $451 million for 1995 on imports of $8.4 billion. Applying the same 1994 rates
to 1996 imports would amount to a duty savings of approximately $655 million for 1996 on
imports of $12.4 billion. However, factors such as rate staging from other agreements tend
to increase the uncertainty of this 1996 estimate of duty savings.

Nevertheless, the duty savings are likely to have affected the level of imports of various
pharmaceutical products. According to economic theory, the elimination of tariffs on bulk
active ingredients and finished dosage form pharmaceutical products would be expected to
result in increases in U.S. imports of these products and, possibly, decreases in domestic
production, employment, and earnings, as well as reduced sales and profitability for certain
companies.' Conversely, if imports of chemical intermediates increase as a result of the

9For companies using offshore facilities to produce patent-protected products, the local tax
structure, labor and other input costs would be significantly different from those of producers
entirely within the United States; thus, the overall impact of changes in imports on companies with
(continued...)
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elimination of duties, increases in domestic production and domestic exports of finished
pharmaceutical products could be expected because the cost of producing finished
pharmaceuticals would be lower. With the exception of the recently created categories for
chemicals imported under the “K” provision, imports for each of these product categories
have increased since 1994 as reflected in table 1. The economic effects of duty elimination
likely would be greater in regard to imports of generic or OTC pharmaceutical products, as
they are more freely traded and have fewer restrictions than the patented pharmaceutical
products. For chemical intermediates, various factors such as fungibility, uniqueness or
product specifications, lower the overall elasticity of demand so that a reduction in tariffs
likely would have less effect on import volume.

Economic Indicators Affected by Tariff
Elimination

In addition to trade shifts that have occurred since the implementation of the zero-for-zero
agreement, certain economic indicators for the U.S. pharmaceutical industry may also provide
insights about the effects of duty elimination. These include changes in domestic and foreign
sales levels, employment, producer costs, and research and development (R&D) expenditures.
The pharmaceutical industry already had changed rapidly in recent years as a result of
industry consolidation and the development of new products. The large companies in the
industry have grown larger in size, principally through mergers and acquisitions, many of
which have been international in scope. Some U.S. firms in the industry have proven superior
in developing and marketing new and more effective products, and have gained market share
at the expense of less successful firms. Other U.S. firms have experienced the expiration of
patents on key products and now face more intense foreign and domestic competition in the
highly competitive generic drug market.

Developments in sales of domestic ethical pharmaceuticals indicate growth of the industry in
each of the 3 years prior to and the 2 years after implementation of the zero-for-zero
agreement (table 3). However, the average annual growth rate of nearly 3 percent from 1992-
94 increased to 11 percent from 1994-96. Sales abroad by U.S. pharmaceutical firms prior
to the agreement grew at a similar average annual rate of 2 percent from 1992-94, whereas
such sales increased after the agreement by 16 percent from 1994-96. In addition to the
apparently improved access to foreign markets resulting from elimination of duties, it is
important to note that this improved export growth also may have been affected by other
agreements such as the NAFTA, which entered into force on January 1, 1994. Other factors
that could have influenced export growth include the shipment of bulk ingredients for
production overseas and efforts by companies to increase penetration in foreign markets.

19(...continued)
offshore facilities would be different as well.

1 The degree to which the anticipated changes in domestic production of finished products
offset each other, however, cannot be determined.

7
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Table 3
Sales and pricing data on the ethical pharmaceuticals industry,’ 1992-96
Average annual
Year Absolute change change
ltem 1992 1993 1994 1985 1996 1992-94 1994-96 1992-94 1994-96
Million dollars — Percent ——

Domestic ethical

pharmaceutical sales .. 48,095 48,591 50,740 57,146 62,612 2645 11,872 2.7 111
U.S. ethical pharma-

ceutical sales abroad .. 25,744 26,467 26,871 33,893 36,346 1,127 9,475 2.2 163

Indices (1984 = 100)

Producer price:

Pharmaceuticals ..... 165.72 17243 17481 178.70 181.20 9.09 6.39 27 18

All manufacturing . . ... 117.35 119.12 120.71 124.19 124.70 3.36 3.99 14 1.6
Consumer price:

Pharmaceuticals ..... 21470 2230 2306 235.0 24290 15.90 12.30 36 26

All manufacturing .. ... 140.32 14446 148.23 152.38 154.10 7.91 5.87 28 20

! Ethical pharmaceuticals (available by prescnptlon) include items covered by the reciprocal duty elimination for
which PPl and CPI data are available, and comprise only a portion of the total trade of pharmaceutlcal products
{table 1) covered by the reciprocal duty elimination.

Source: Bureau of Labor Statistics, and data from Pharmaceutical Research and Manufacturers Association

(PhRMA).

Pricing is another indicator that can be examined with respect to possible changes in the
pharmaceutical industry resulting from elimination of duties. The tariff eliminations would
have been expected to lower input costs for finished pharmaceutical products. Moreover,
according to economic theory, a reduction of tariffs on pharmaceutical imports and certain
chemicals used in the production of finished pharmaceutical products should assert downward
pressure on consumer prices, assuming the tariff saving is passed on to the consumer. Several
factors such as shifts in exchange rates or product mix, however, may partially mask any
pricing effects due to tariff changes. Adjustments in input costs for production ultimately will
be reflected in the Producer Price Index (PPI) for the pharmaceutical industry. The PPI
showed a steady increase from 1992-96 (table 3), although increasing at nearly double the rate
in the pre-zero-for-zero period of 1992-94 compared with the PPI for all manufacturing
industries (1.4 percent average annual growth). However, the pharmaceuticals PPI grew more
slowly from 1994-96 than it did from 1992-94 (and nearly the same as the growth in PPI for
all manufacturing from 1994-96), indicating that the pharmaceutical zero-for-zero agreement
may be reflected in the index by the slower PPI growth. Although the average annual change
in the PPI for pharmaceuticals slowed down to approximate recent growth in the PPI for all
manufacturing, it is not certain to what degree the overall trend is an indicator of general
manufacturing activity. Regardless of the reason, the reduction in the growth rate of the
pharmaceuticals PPI, in turn, should have resulted in lowered consumer prices for
pharmaceuticals.

The Consumer Price Index (CPI) for pharmaceuticals, after growing by an average annual rate
of 3.6 percent from 1992-94, increased by only 2.6 percent from 1994-96 (table 3). In
comparison, the CPI for all manufacturing showed an annual increase of 2.8 percent from
1992-94 and only 2.0 percent from 1994-96. Whether the duty savings are actually reflected



OCTOBER 1997

Industry, Trade, and Technology Review

Pharmaceuticals

in the CPI cannot be inferred from the available information due to several factors, such as
the change of the import mix of pharmaceutical products from year to year, and the
introduction of newer (generally higher priced) pharmaceutical products which take the place
of older products each year. Also, imports account only for about 14 percent of domestic
consumption of pharmaceutical products so that the elimination of duties is only one factor,
along with the effects of industry rebate programs and the emergence of health maintenance
organizations' (HMOs), that has probably contributed to a slower rate of growth in U.S.
consumer prices for pharmaceuticals in recent years.

Employment levels also may be examined to assess whether the U.S. pharmaceutical industry
has benefited from the zero-for-zero agreement. U.S. employment in the pharmaceutical
industry has fluctuated during the past 5-year period (table 4). Employment for all
pharmaceutical workers increased by an average annual rate of 1.2 percent from 1992-94,
then decreased by 0.9 percent from 1994-96. The number of production workers increased
by an annual average of 3.9 percent from 1992-94, then increased 0.8 percent from 1994-
1996. Industry sources noted that mergers in the industry have led some of the major
pharmaceutical firms to combine workforces while eliminating overlapping jobs. The result
of industry restructuring may be reflected in the decline in the overall number of workers from
1994-96 whereas increased industry output has increased the number of production workers
since 1994. Employees had higher average weekly and hourly earnings from 1994-96, as
compared with 1992-94, whereas average weekly hours remained relatively unchanged during
1993-96 after declining in 1993.

Table 4

Employment data for the pharmaceuticals industry, 1992-96

Average annual

Year Absolute change change (percent)

Employment factors 1992 1993 1994 1995 1996 1992-94 1994-96 1992-94  1994-96
All workers (1,000) ...... 2573 2644 263.3 2595 2586 6.0 4.7 1.2 -0.9
Production. workers

(1,000) .............. 1121 1171 121.0 126.7 123.0 8.9 2 3.9 - 0.8
Average weekly earnings

(dollars) ............. 599.68 607.34 610.41 635.36 654.95 10.73 4454 09 3.6
Average weekly hours ... 42.5 41.4 413 41.8 414 -12 0.1 -14 0.1
Average hourly earnings

(dollars) ............. 1411 1487 1478 1520 15.82 0.67 1.04 23 35
Employees—all industries :

(1,000) .............. 108,604 110,730 114,034 116,607 119,523 5430 5,489 25 24

Pharmaceutical workers as
a ratio of employees in all
industries (percent) . ... 0.2

0.2 0.2 0.2 0.2

O

§)

§)

0

7 Not applicable.

Source: Bureau of Labor statistics and estimates by the staff of the U.S. International Trade Commission.

12 Health maintenance organizations, or HMOs, are generally for-profit organizations that
emphasize cost-cutting methods to maximize profits. With respect to pharmaceuticals, HMOs
generally use generic substitution and bulk buying programs in order to obtain medicinals at the

lowest price.
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Historically, the pharmaceutical industry has been highly dependent on R&D of new products
to ensure growth of the industry, and relatively large amounts have been invested. Thus,
trends in R&D expenditures can be examined for possible increases, as R&D budgets could
be expanded in light of savings from the elimination of duties. Domestic R&D percentage
of U.S. sales has grown over the past 5-year period, reaching a high of nearly 22 percent of
sales in 1994 and over 21 percent of sales in 1996 (table 5). Analysis of annual trends shows
that absolute expenditures on domestic R&D have increased each year and the average annual
growth rate has increased as well; in 1994-96, domestic R&D grew by 9.6 percent, compared

with 9.2 percent during 1992-94.

Table §
R&D expenditures and other economic factors in the pharmaceuticals industry, 1992-96

Average annual

Year Absolute change change (percent)

Item 1992 1993 1994 1995 1996  1992-94 1994-96  1992-94 1994-96
Domestic R&D

(million dollars) : .. 9,312.1 10,477.1 11,101.6 11,874.0 13,378.5 1,789.5 2,276.9 9.2 9.6
R&D spending by

U.S. firms overseas

(million dollars) ... 2,155.8 2,262.9 2,347.8 3,333.5 3,539.6 192.0 1,191.8 4.4 228
DomesticR&D as a

share of sales

(percent) ........ 194 216 219 20.8 214 25 -0.5 Q) @)

7 Not applicable.

Source: Estimates by the staff of the U.S. International Trade Commission and data from PhRMA.

Although total profitability among selected pharmaceutical companies was about comparable
in the respective pre- and post-zero-for-zero periods of 1994 and 1995 (table 6), total
company sales grew by 15 percent from 1994 to 1995 and total company earnings grew by
9 percent in the year-to-year comparison, as reflected by information on trends in individual
pharmaceutical company performance. It should be noted, however, that these trends may
also be due to factors other than tariff elimination, such as changes in exchange rates, gains
from consolidation and, for some companies, the development of and demand for new patent-
protected products.

Findings

The duty elimination resulting from the zero-for-zero agreement in pharmaceuticals is
difficult to link directly to the various industry changes that have occurred during 1995-96
because of the likely impact of other economic factors during the period. In light of this
complexity, and the relatively short time the agreement has been in effect (2 years), findings
are preliminary and inconclusive. The pharmaceutical industry, however, believes the
agreement to be successful enough that negotiators have already begun to pursue the second
update round.
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Table 6
Sales, earnings, profitability and growth for selected pharmaceutical companies, 1994-95
Sales Earnings Profitability’ Increase 1994-95
Company’ 1994 1995 1994 1995 1994 1995 Sales Earnings
Million dollars Percent
Glaxo-Wellcome ........... 8,710 15,475 1,933 2,120 22 14 78 10
Merck ...........covnvnnn 14,970 16,681 2,997 3,335 20 20 11 1
Bristol-Myers Squibb ....... 11,984 13,767 2,331 2,600 19 19 15 12
Pfizer ........c.covvnnn. 8,281 10,021 1,298 1,554 16 16 21 20
SmithKline Beecham ....... 9,532 10,800 928 1,000 10 9 13 8
Johnson & Johnson ........ 5,158 6,274 1,669 2,039 32 32 22 22
Pharmacia-Upjohn ....... .. 3345 6,900 489 895 15 13 106 83
American Home Products . ... 8,966 13,376 1,528 1,365 17 10 49 -11
EliLilly .................. 5,712 6,764 1,286 2,291 23 34 18 78
Schering-Plough . .......... 3,880 4,472 1,204 1,381 31 31 15 15
AbbottlLabs .............. 4,951 5,629 1,385 1,586 28 28 14 15
Wamer-Lambert ........... 2,079 2,356 347 401 17 17 13
Novartis ................. ¢ 10,940 ® Y] ® ® ) ®
Hoechst ................. 11633 ® 1,519 ® 13 @) ) Y]
Hoffmann-LaRoche ........ 8339 ® ® ® ® ® ) ®
Rhone PoulencRorer ........ 4,487 5,142 367 357 8 7 15 -3
Tofal, selected
companies® ........... 112,027 128,597 19,281 20,924 17 16 15 9

1 Sales and earnings are shown for the pharmaceutical segment of the company if available; otherwise, full

company figures are shown.

2 Profitability shown as the percentage of sales represented by company eamings.

3 Not available.
4 Totals shown for comparison only.

Source: Standard & Poors, Securities and Exchange Commission, and estimates by the staff of the U.S.

International Trade Commission.

As noted, the benefits of free or liberalized trade (e.g., reduced import duties) should result
in a savings that may be passed on by the importer to a distributor or manufacturer, when
further processing is required. In turn, the lower price of the imported good may accrue to
multiple layers of consumers (e.g., the formulator, the pharmacist, and the person being
treated).

For this sector, the most discernible immediate impact of duty elimination appears to have
been on U.S. imports, specifically alkaloids and hormones (table 1). In addition, total
U.S. imports of the products claimed for duty-free entry under the zero-for-zero agreement
increased by almost $2.4 billion from 1994-96, excluding bulk “K” pharmaceutical and
chemical intermediate products for pharmaceuticals.” The estimated duty savings related to
all these products increased from $451 million in 1995 to approximately $655 million in
1996. The total amount of duty savings on imported goods is relatively small compared with
total sales by the largest companies which approximated $129 billion in 1995. For high-

13 Imports of bulk “K” pharmaceuticals and chemical intermediate products increased to $5.3
billion in 1996 (table 1). Comparable data did not exist in 1994.
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valued products such as pharmaceuticals, the savings benefit would not be expected to be
immediately realized by the average consumer.

It is equally likely that the savings resulting from the elimination of the average U.S. rate of
duty of 4.23 percent ad valorem had no significant effect on the PPI and the CPI, other than
possibly contributing to some slowing in the growth rate (table 3). It appears from PPI and
CPI data that pharmaceutical prices increased in 1995 and 1996, and they did so at a faster
rate compared to other products. Employment growth for production workers since 1994 may
have been slightly affected by the elimination of duties, although industry rationalization is
likely responsible for the addition of 5,700 production jobs to the U.S. workforce in 1995 and
a loss of 3,700 production jobs in 1996.

Changes in other areas of the pharmaceutical industry include some fluctuation in the growth
rate of R&D expenditures in 1995 and 1996, compared with that in prior years (table 5).
Profitability among the larger pharmaceutical companies (e.g., Merck, Bristol-Myers Squibb)
appears to have changed little between 1994 when duties were present and 1995, the first year
of duty-free treatment; most companies have sustained double-digit growth in sales and
earnings in year-to-year comparisons, 1994-95 (table 6).

No single measure of industry performance, other than increased imports, is likely to be
attributable to the elimination of tariffs on pharmaceutical products; even trade shifts are
difficult to isolate, given the short time during which the zero-for-zero agreement has been
in effect and other factors including trade-related agreements such as NAFTA, exchange rate
fluctuations, and the dynamic changes in production of pharmaceuticals. However, additions
to the zero-for-zero roster may provide a clearer picture in the future.®

12
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Alternative Materials in the U.S. Automotive
Industry Promote Development of Joining

and Bonding Technologx

Susan H. Lusi
(202) 205-2334
slusi@usitc.gov

The development and commercialization of processing technology is
considered an important factor in improving industrial competitiveness.
This article is the fifth in a series presenting ongoing USITC Office of
Industries research on new manufacturing processes for materials (NMPM).
NMPM are viewed as potentially cost-effective in ensuring greater
productivity and efficiency.

Joining and bonding technologies have changed as industrial applications
Jor nontraditional materials have expanded. For example, the auto industry
has increased its consumption of lightweight materials over the past 20
years as fuel efficiency standards increased and as auto makers responded
by producing lighter cars. As the polymer composite and aluminum content
of automobiles increased, so did the need for specialized joining
technologies. This article examines several joining technologies currently
under development that may offer auto makers a competitive advantage as
alternative materials make inroads into the auto industry.

The U.S. automobile industry, the world’s single largest car and truck producer, accounted
for approximately 21 percent of global production in 1996.! During that same year, the Big
Three U.S. auto producers captured 35 percent of worldwide sales,” largely because of their
effective response to market and regulatory demands. Consumer expectations of higher
quality, increasingly stringent environmental standards, and heightened safety awareness
have raised the intensity level of competition in the market. U.S. producers have responded
by reducing costs and improving productivity (often through changes in manufacturing
processes).’

Auto producers employ many strategies to maintain their competitive position. One strategy
designed to meet environmental regulations is the substitution of lightweight materials for

! Automotive News, 1997 Market Data Book, May 23, 1997, various pages.

2 Derived from sales figures in Ward'’s Automotive Yearbook, 1997, p. 126; and Automotive
News, p. 24.

3 U.S. Department of Commerce, Motor Vehicle Division, “Drivers of the U.S. Automotive
Industry,” prepared by Albert T. Warner, director, Motor Vehicle Division, Feb. 27, 1996, found
at http://www.ita.doc.gov/ industry/basic/hondsp.html, retrieved July 8, 1997.
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steel and other metals. The U.S. automotive industry has increased the polymeric materials®
and aluminum content of a typical family vehicle (table 1), particularly in applications for
nonload-bearing parts, e.g. plastic hoods, roofs, and side panels; and aluminum wheels,
brakes, air conditioning compressors, heat exchanger, radiators and engine blocks.®
Traditionally, these parts have been made of steel.

Table 1

A typical family vehicle, material content and total weight
1976 1986 1996 1976-1996
) Percent Percent Percent percent
Material/ year Pounds _oftotal Pounds oftotal Pounds of total change
lronandsteel ................. 2,785.0 741 2,190.0 69.0 1,890.0 61.0 -32.0
Polymeric materials ............ 325.0 8.6 433.0 13.7 642.0 21.0 97.5
Aluminum ...........ciiiieann 85.5 23 139.5 44 257.0 83 200.0
Aliother .............cooointn 564.5 15.0 407.5 12.9 301.0 9.7 -47.0
Total vehicle weight .......... 3,760.0 1000 3,700 100.0 13,0801 100.0 18.0

Source: Recent trends in automobile recycling: an energy and economic assessment, ORNL/TM/12628, March

1996.

As a means to limit emissions of carbon dioxide, and to meet corporate average fuel
efficiency (CAFE) standards,’ U.S. automobile manufacturers reduced the weight of the steel
portion of the average passenger car by 21 percent between 1976 and 1986. The overall
weight of the average car declined by 18 percent between 1976 and 1996. However, nearly
all of the reduction was achieved by 1986, when auto makers were producing fleets in
compliance with CAFE standards (table 1). Since then, the weight of the average car has
remained stable, mainly because of the combined effect of unchanging CAFE standards and
increased consumer demand for large accessory-laden vehicles.

“ For an analysis of the pros and cons of steel versus aluminum and plastic in automobile
manufacturing , see Frank R. Field III, and Joel P. Clark, “A Practical Road to Lightweight Cars,”
MIT Technology Review, Jan. 1997, found at http://web.mit.edu/techreview/
www/articles/jan97/clark.html, retrieved June 17, 1997.

5 Polymeric materials include all plastics and polymer composites. Plastic is a nontechnical
term for “resin system,” and polymer composites are resin systems that are reinforced with a
fibrous material in order to enhance mechanical and physical properties. Most auto parts that do
not have a load-bearing function are made of resin systems although the load-bearing parts must be
strong and are made with polymer composites. This article is concerned with the development of
joining and bonding methods for polymer composite load-bearing structures for automobiles, such
as frames. The term “plastic” will be used to refer to auto parts that are nonload-bearing (such as
dashboards) and are made of nonreinforced resin systems.

¢ For details on the use of aluminum in the automobile industry see USITC, “Aluminum Product
Development and the Automotive Industry,” Industry Trade and Technology Review, USITC, May
1994, pp. 17-25.

7 CAFE standards were established in 1975 by the Energy Policy and Conservation Act.
According to these standards, automakers are required to meet fuel economy ratings for each fleet
of passenger cars they produce. Since 1986, the fleet average has been 27.5 miles per gallon,
although industry officials anticipate a higher standard during the next several years. See the data
found at http://www.ita.doc.gov/industry/basic/cafe/html, after June 23, 1997.
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Since a 25-percent decrease in vehicle weight could save 13 percent in gasoline consumption
and reduce carbon dioxide emissions by 101 million tons per year,® manufacturers are
experimenting with further weight reductions by using alternative materials for auto parts
made of steel and other traditional metals. Alternative material candidates include polymer
composites reinforced with glass (25-35 percent of the weight of steel), carbon fiber-
reinforced polymer composites (50-65 percent of the weight of steel), and aluminum (one-half
of the weight of steel).” Although CAFE standards have not changed in recent years, auto
manufacturers are developing process technology for automobile production with lightweight
materials.'® Manufacturers are more likely to produce a vehicle with improved fuel economy
once such technology becomes widely available. A higher CAFE standard would push the
development of this process technology and lead manufacturers to increase their use of
lightweight materials.

The adoption of alternative materials can also reduce manufacturing costs. Material
properties (such as the temperature at which a material becomes malleable) are key
determinants of the processing and assembly methods, which directly effect productivity rate
and cost. For example, molded polymer composite auto parts cost less to manufacture than
stamped steel parts because complex shapes can be formed in one large mold. The process
requires less joining, bonding, and machining. Manufacturing costs are further reduced
because less labor is required to complete the process. The material switch may also affect
the speed of production because less time is needed to assemble consolidated parts.

Automakers are investing in research of joining and bonding technologies for alternative
materials. The lack of fully developed joining technologies is considered a barrier to the
utilization of advanced lightweight materials to form automotive structures.!! Traditional
means of joining steel parts--welding, brazing, and soldering--do not effectively bond polymer
composites, and adjustments to welding and brazing must be made to successfully join
aluminum. Mechanical fasteners continue to be a viable joining option, but they are typically
used in conjunction with another method. For example, adhesively joined polymer
composites may be mechanically fastened (either permanently or temporarily while the
adhesive bond sets). The ideal joining methods would have the capacity to bond both similar
and dissimilar materials, such as aluminum to steel, or polymer composite to aluminum. One
well-known consortium conducting research on joining and bonding polymeric composites
and aluminum auto parts is the Partnership for a New Generation of Vehicles (PNGV),
highlighted in the text box.

8 “Transportation Technologies,” found at http:/www.ornl.gov/ornl/energy Efficiency/
trans.html#ctp, retrieved Aug. 13, 1997.

® National Materials Advisory Board, Materials Research Agenda for the Automotive and
Aircraft Industries, NMAB-468 (Washington, DC: National Academy Press, 1993), p. 34.

19 Toni Marechaux, U.S. Department of Energy, Office of Transportation Technologies, USITC
staff interview, June 1997.

11 «Adhesive Bonding Technologies for Automotive Structural Components,” found at
http://www.ornl.gov/ orcmt/capabilities/dtin384 html, retrieved June 16, 1997.
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Partnership for a New Generation on Vehicles (PNGYV)

Research on joining technology for automobile manufacturing is sponsored by private and public
collaboration, through the PNGV. The partnership was founded in 1993 between the U.S. Government
and the Big Three U.S. car makers to develop the automobile of the future. Each PNGV activity
contributes to one of the three goals that guide the program:

®  improve U.S. competitiveness in automobile manufacturing
m  develop and apply new innovations to conventional vehicles

m  develop a vehicle with up to three times the fuel economy of
- conventional mid-sized sedans while maintaining current
performance, safety standards, and cost of ownership

The PNGYV strategy to reach the fuel economy goal is the reduction of vehicle weight. The goal is
supported by a host of research projects on aluminum and polymer composites conducted in the national
research facilities and Big Three laboratories. Materials research, including the development of joining
technologies for alternative materials encourages progress toward this objective.

The 1996 PNGV report hailed several research projects on joining methods ‘significant technical
accomplishments.” A project on adhesive bonding technologies for automotive structural components was
successful in creating standardized test methods to analyze the durability of bonded joints. Also, the
bonding of aluminum to composites and a material surface treating method to improve a bond was
addressed. The latter will soon be patented. A project on aluminum laser-welding led to the development
of a computer controlled process monitor. No joining technology developed under the PNGV currently is
used in the mass production of automobiles.

Ultra-light Steel Autobody (ULSAB) program

The steel industry has mobilized to maintain one of its largest markets. The ULSAB program is a
international project initiated by the automotive industry (in this case European) and the steel industry to
develop a lightweight steel autobody structure. Its members include 35 steel makers from 18 countries.
The ULSAB has addressed the automobile industry’s need to reduce the average vehicle weight by using
a computer model to design a high-strength steel body and parts.

Auto/Steel Partnership and European Aluminum Association

The Auto/Steel Partnership is a consortium of the U.S. Big Three vehicle manufacturers and major U.S.
and Canadian integrated steel mills. Twelve task forces conduct precompetitive research on standardization,
cost-reduction, and design issues. Three of the task groups research welding technology and standards. The
European Aluminum Association is also active in promoting the aluminum content in European-made
automobiles.
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Joining and Bonding

A portion of the research and development (R&D) on the future generation of vehicles is
focused on surmounting the difficulties associated with bonding polymer composites,
aluminum, and steel. More specifically, R&D is underway on less costly and quicker
assembly and processing methods (relative to traditional materials) for joining alternative
materials.”> Research in this area is critical to support the application of alternative materials
in the automotive industry.” The joining technologies described below show promise in
facilitating the manufacture and adoption of structural auto parts composed of polymer
composites and aluminum.

Although research on new joining technologies is underway, these methods are not yet
commercialized. The ability to predict the behavior of a joint is stalled to a large extent by
the lack of reliable nondestructive testing methods. Once reliable testing methods are
developed and the technology produces satisfactory results, one less obstacle will exist for
auto manufacturers who want to make composite and aluminum auto parts. The degree to
which the joining and bonding methods described below are adopted can become known only
as the auto industry gains greater experience with their application.

Adhesive Bonding

Adhesive bonding is the primary method for joining polymer composites, although metals
will also bond with adhesives. The auto industry consumption of adhesives already has been
increasing. Plastic has become the dominant material for interior auto parts. The change in
bonding technology lowered production costs as the manufacturing process was streamlined
and required fewer mechanical fasteners."* Adhesive bonds are stronger due to the wider
distribution of load at the joint, unlike mechanical fasteners that are stressed at a single point.
Auto manufacturers have greater design flexibility with adhesive bonds that have a smooth
joint surface. No universal adhesive exists; an adhesive formula is ch