















































































































































Figure 5-3

CBI ethanol exports and gasoline prices
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Source: USITC estimates based on questionnaire data, official data of the U.S. Bureau of Labor Statistics, U.S.
Department of Transportation, U.S. Department of Commerce, U.S. Department of Agriculture, and information from

other Industry sources, including Information Resources, Inc.

only be about 20 million gallons annually. Thus,
even if a 30-percent feedstock requirement were
found to make a 28.3-million-gallon industry
“feasible,” this would not be the case if gasoline
prices remained below 98 cents.

Alternatively, under the market conditions
assumed in the second scenario (which assumes
mid-1988 net corn costs and a 98 cents per gallon
price for gasoline), substantially higher net corn
costs would make a 28.3 million gallon CBI
industry possible with a 60-percent feedstock
rule. However, with corn costs at the higher level
and with gasoline prices at 94 cents per gallon, a
level closer to actual 1988 levels, a
28.3-million-gallon CBI industry would only be
possible with a feedstock requirment of 35
percent or less. This requirement is much lower
than the mandated 60-percent rate actually in
effect in 1988. Given mid-1988 market
conditions, a 28.3-million-gallon CBI fuel ethanol
industry would only be feasible with a feedstock
requirement of 35 percent or less. '

Within the constraints imposed by uncertainty
about future market conditions, this chapter has
analyzed the effects of alternative feedstock
requirements under market conditions like those
encountered in late-1987 and mid-1988. Under
both late-1987 and mid-1988 market conditions,
a CBI industry producing at approximately 1987
evels would only have been feasible with a
feedstock requirement of less than 35 percent.
However, future feasibility will depend on future

market conditions. The alternative scenarios
presented here are meant to illustrate the
problems of trying to mandate a single feedstock
requirement with known effects, even under
relatively stable market conditions. The
effectiveness of various feedstock requirements
would vary even more dramatically with more
significant swings in gasoline, net corn, and
European wet ethanol costs. Fixing indigenous
content requirements will not guarantee the
feasibility of any particular level of production in
CBI countries. Given changes in gasoline, net
corn, and European wet ethanol prices, table
5-11 illustrates the direction of change that would
be required in a mandated feedstock requirement
to maintain a CBI industry of a particular size.?

' If a constant indigenous requirement can not ensure a
feasible industry, industry sources suggested that other
alternatives, such as an import quota, by country,
similar to those on sugar, a variable import tax, or a
percentage requirement that is revised annually (or more
often, if needed) might also offer a solution to this
problem. However, these alternatives have similar
disadvantages. For example, a percentage requirement
would have to be revised frequently, as would a variable
tax, to take into account the impact of changing market
conditions. However, this would severely impact the CBI
sugarcane growers’ ability 1o plan for future plantings.
New sugarcane plants require about three years of growth
before harvesting. An import quota, by country, might
give the growers a more stable base, but would have to
take into account complex factors affecting future U.S.
demand and the opportunity for other CBI countries with
facilities not yet operating or with developmental plans
for facilities to enter this market. Establishment of
quotas on fuel ethanol related to international treaties
may also give rise to GATT and other problems.
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Table F-7
Sugar: Net imports' from the free market by CBIl-eligible countries, 1980-87

(In thousands of short tons, raw value)
*t ; :

mporter 1980 © 1981 1982 1983 | 1984 1985 1986 1987
Bahamas ................. 9 9 9 7 13 7 1 . 10
Haiti ................. ... 1 8 5 22 6 20 23 21
Jamaica .................. 2(42) 32 29 40 51 8 41 48
Netherlands Antilles ........ 10 4 8 10 13 9 8 10
Trinidad-Tobago ........... 22 22 28 47 94 21 17 25

Total .............co.n 0 75 79 126 177 65 100 114

' Net Imports from the free market are shipments from countries outside praferentlal agreements.
2Jamaica was a net exporter in 1980,
3 Net imports total to zero due to Jamalca s net exports.

Note.—These data may differ from data of the U.S. Department of Agriculture.

Source: Derived from statistics of the International Sugar Organization, Statistical Bulletin, September 1968.

Table F-8 :
Molasses: Production by CBl-eligible countries, marketing years 1982-83 to 1987-88
(In thousands of short tons) '

‘Marketing year'

-Country 1962/83 1983/84  1984/85 1985/86 1986187 1987188
Barbados ...................... 28 : 30 29 38 31 30
Belze .................. ..., 42 36 k]| 28 28 26
CostaRica............... PR © 80 87 87 94 95 101
Dominican Republic .............. 372 448 344 309 305 320
EfSalvador ..................... 112 153 152 159 161 116 -
Guatemala ...............c...u., 246 236 264 228 i 294 298
Haltl ............ccciiivann, . 42 ’ 38 38 39. : 39 39
gimduras ...................... 91 83 88 84 80 61
'alca ....................... 111 110 88 86 80 85

£- 1y o T- W 101 99 91 92 60 57

St. Christopher-Nevis ............ 14 12 12 12 12 -12.
Trinidad-Tobago ................ 54 : 42 .53 57 58 61
Total ........covvivviininnn. 1,293 1,374 1,277 1,226 1,243 1,206

' The marketing year for both sugar and molasses in each of the CBIl-eligible countries is as follows:
September/August—Barbados, Belize, El Salvador, and Honduras; October/September—Costa Rica and Panama;
Novernber/October—Dominican Republic and Guatemala; and, January/December—Haiti, Jamalca, and
Trinidad-Tobago. Marketing year information is not avallable for St. Christopher-Nevis.

Source: Derived from official statistics of the Foreign Agricultural Service, U.S. Department of Aqriculture World
Sugar and Molasses Situation and Outlock, various dates.

Table F-9

‘Industrial molasses: Exports by CBl-eligible countries, marketln_g years 1982-83 to 1986-87
{In thousands of short tons)

Marketing year

Country 1982/83 1983/84 1984/85 1985/§i5 1986/87
Dominlcan Republlc ............... 227 215 139 115 ' 108
ElSalvador ...............c...... 23 26 44 0 0
Guatemala .............ccivinn.. 139 151 180 154 154
Honduras ....................... 67 56 50 45 45
Panama .................cc.u... 46 44 40 20 16
Trinidad-Tobago ................. 16 14 15 33 24
Total .....cciiiii it 518 506 468 367 347

e: Derived from official statistics of the Foreign Agricultural Service, U.S. Department of Agricuiture, World
and Molasses Situation and Outlook, various dates.



Table F-10

Raw sugar: World and U.S. prices, by months, January 1980-August 1988'

(In cents per pound)

World U.S. World U.S. World U.&._
Month price price Month price price Month price price
1980: 1983: 1986:
Jan ....... ..., 17.23 19.66 Jan........... 5§98 21.23 Jan 4.87 20.67
Feb ............ 23.03 24.69 Feb .......... 6.40 21.76 Feb 5.5 21.01
Mar ............ 20.12 21.28 Mar .......... 6.18 21.86 Mar 7.07 20.95
Apr ............ 21.61 22.67 Apr........... 6.71 22.43 Apr . 8.36 20.85
May ............ 31.33 31.89 May .......... 9.27 22.59 May . 7.64 20.88
Jun.... ..., 31.61  32.10 Jun........... 10.80 22.54 Jun 6.36 20.99
Jul ...l 28.12 28.75 Jul Lol 10.63 22.09 Jul ... §.58 20.97
Aug ............ 31.97 33.14 Aug .......... 10.52 22.55 Aug §.50 20.87
Sep ............ 35.12 36.03 Sep .......... 9.46 22.20 Sep 4.67 20.87
Oct ............ 41.09 41,70 Oct .......... 9.67 21.94 Oct 542 21.08
Nov ............ 37.95 39.28 Nov .......... 8.52 21.83 Nov 5.93 21.17
Dec ............ 28.98 30.29 Dec .......... 7.82 21.47 Dec 5.66 21.12
Avg ... 29.01  30.12 8.49 22.04 Avg 6.05 20.95
1881: 1987:
Jan ... ..., 28.01  29.57 6.95 21.51 Jan 6.47 21.50
Feb ............ 24.27 26.07 6.58 21.90 Feb 7.32  21.76
Mar ............ 21.77  23.8% 6.42 22.00 © Mar. 7.51  21.76
Apr ............ 17.90 19.91 5§96 22.03 Apr 6.64 21.81
May ............ 15.08 17.43 5§58 22.01 May 6.71 22.01
Jun.. ...l 16.36 18.95 5.48 22.06 Jun 6.40 22.06
Jub Ll 16.32 19.10 4.51 21.89 Jul ... 6.03 22.07
Aug ............ 14.76  17.42 4.01 21.72 Aug §.57 21.88
Sep ............ 11.66 15.49 4.1  21.70 Sep §.79 21.88
Oct ............ 12.13 15.66 466 21.56 Oct 6.60 21.69
Nov ............ 11.96 16.28 4.41 21.40 Nov 7.28 21.75
Dec ............ 12.96 17.07 3.51 21.10 Dec 8.25 21.76
Avg .. ... 16.93 19.73 5.18 21.74 Avg 6.71 21.83
: 1988:
J 12.99 18.16 3.59 20.72 Jan 9.64 21,
13.05 17.77 3.66 20.38 Feb 8.40 22 ,
11.24 17.13 3.78 20.91 Mar 8.48 22!
9.63 17.89 Apr........... 3.37 20.97 Apr 8.49 22.1
8.12 19.57 May .......... 2.77 21.09 May ..... 8.85 22.13
6.85 21.03 dun........... 2.74 21,27 Jun 10.52  22.54
7.83 22.15. . dut ..., 3.15 - 21.23 Jul ... .. 14.04 23.43
6.80 22.45 Aug .......... 4.35 20.59 Aug 11.09 21.90
5.90 20.88 Sep .......... 5§14 19.51 Oct §.91 20.44
5.01 18.68 Nov .......... 6.50 20.79 Nov 5§.53 18.89
6.27 20.83 Dec .......... §.37 . 19.89.
8.42 19.92 Avg .......... 4.04 20.34

' World price: FOB Caribbean, Contract No. 11, Coffee, Sugar and Cocoa Exchange (CSCE). U.S. price:

1980-May 1985—CIF, duty/fee-paid, Contract No. 12, CSCE; June-December 1985—nearby No. 12 futures, CSCE;

1986-present—nearby No. 14 futures, CSCE.

Source: Compiled from officlal statistics of the U.S. Department of Agricuiture.
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Table F-11

Blackstrap molasses, bulk: Monthly-average wholesale prlce at New Orleans, Louisiana, January
1980-September 1988

- {In dollars per short ton)

Month Price . Month Price Month Price
1980: 1983: . ) 1986:
January ......... 89.90 January ... 44.40 January ........ 65.00
February ........ 91.50 February ............ 45,00 February ....... 65.60
March .......... 92.00 March ............... 45.00 March ......... 68.50
Aprll............ 92.00 April ... e 45.00 April .......... 71.00
May ............ 92.00 May ..........o00vun 47.50 May ........... 73.75
June ........... 92.00 June ..., 49.40 June .......... 79.00
July ... 92.00 - duly .. 53.75 July ...l 79.10
JAugust . ........ 92.00 . August .............. 61.50 August ........ 76.60
September ....... 94 .40 September ........... 68.75 September ..... 72.30
October ........ 103.50 "October ............... 72.50 October ....... 68.10
November ....... 111.60 -~ - Novermber ........... 72.50 November . .. ... 60.25
December ....... 113.00 ’ December ........... 72.50 December ..... 55.50
Average ..... ... 96.18 . Average ....... e 56.48 Average ....... 69.56
1981: L . 1984: o 1987:
January ......... 116.75 January 72.50 January ........ 56.25
February ........ 118.00 February e, 12.50 February ....... 59.40
March .......... 115.00 March ............... 72.50 March ......... 62.00
Aprit ............ 103.00 Aprll ... e 72.50 April .......... 59.40
May ............ 95.50 May .........oeinn 70.00 May ........... 59.10
June ........... 88.00 June ................ 68.75 o June .......... 5§3.00
July Lol 83.00 N SJduly Lol e 59.00 July ..ol 50.60°
August ......... 71.60 August .............. 50.00 August ........ 48.60
September . ..... 67.50 . . September-........... 50.00 : September .. ... 45.30
October ..... ... 58.75 October ........... .. 50.00 . October ....... 45.00
November ....... . 52.00 . November ........... 50.00 November ...... 47.00
Decémber ....... 50.00 December ........... 50.10 December ..... §3.10
Average ........ 84.92 Average ............. 61.49 Average ....... 53.23
1982: C . 1985: : ' 1988:
CJanuary ......... 50.00 January ............. 50.00 January ......... 60.30
February e 50.00 February ............ 50.00 February ....... 62.00
3 March, . ... 50.00 March ............... 50.00 March ......... 60.60
CApril L 50.00 - . April ... ... oo 50.00 Aprit .......... 56.90
May .......5.... 50.00 May ................. 50.00 May ........... 55.50
June ........... 50.00 June ................ 47.75 June .......... 62.50
July .ol 49.50 July Lol 41.00 July oo, 72.50
August ......... 48.00 August .............. 41.90 August ........ 72.50
September . ..... 48.00 . - - September ~ 48.00 September .. ... 70.00
October ........ 44 .25 B October ............. 53.75
November .. '40.00 ’ ‘November ........... 57.50
December ... ... .. 41.256 December ........... 63.50
Average vevve... 47,58 - © T Average ........ e 50.28

/s\oulrcek Complied from statistics of the Market News Service, Agricultural Marketing Service, U.S. Department of
gricutture.
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Table F-12
U.S. sugar quota: - Allocations for CBl-eligible countries, quota years 1982-83 to 1988
(In short tons, raw value)

Quota year—

10/1/82— 9/26/83~ 10/1/84- 1211185~ 111187- 1/1/88-
Country 9/30/83 9/30/84 11130185 12131186 12131187 12/131/88
Barbados ................. 19,600 21,294 17.780 12,500 7.500 8,205
Belize ...........ccvvvun. 30,800 33,462 27.940 18,876 10,010 11,045
CostaRica ................ 42,000 62,415 52,302 34,713 17,583 19.577.5
Dominican Republic ......... 492,800 535,392 - 447,040 302,016 160,160 176,710
ElSalvador ................ 72,800 89,163 74,561 49,999.8 26,019.8 28,815.5°
Guatemala ................ 134,400 146,016 121,920 82,368 43,680 48,185.
Haitl ..................... 16,500 16,776 12,500 12,500 7.500 8,000
Honduras ................. 28,000 59,514 . 50,017 32,713.2 15,917.2 17,877
Jamaica .................. 30,800 33,462 27,940 18,876 10,010 11,045
Panama .................. 81,200 88,218 73,660 49,764 26,390 0
St. Christopher-Nevis ....... 16,500 16.776 12,500 12,500 7,500 8,000
Trinidad-Tobago ........... 19,600 21,294 17,780 12,500 7,500 8,205

Total .........covvvvvnnns 985,000 1,123,782 935,940 639,326 339,770 345,665

' The quota allocation for Panama was reallocated pro rata among all eligible countries in 1988 through legislative
action.

Source: Compiled from officlal statistics of the U.S. Department-of Agriculture.

Table F-13

EC preferential sugar quota: Allotments for CBI eligible countries, 1984
(In thousands of short tons, reftined (white sugar) basis)

Country ) Quota allotment
2 T g o = T Lo PN 55,154
12 T-1 1.2 S 44,185
JAMAICA ... it it e e e e e e e e s 130,367
St. Christopher-NevIS . .. ... .. ittt it ettt e enetaosttonoentoansansrsnesenasns .. 16,964
B 1o = T T I < T- Vo T« 47,937

Total CBl eligible countries .............coiitiniitiiiiriunen st serarsnrasntioessaas 294,617

Source: Ralph ives and John Hurley, U.S. Sugar Policy: An Analysis, U.S. Department of Commerce, International
Trade Administration, April 1988,p. 97.

Table F-14
Ethyl alcohol from agricuitural sources: Total exports tfrom EC nations, 1983-87
Source' - 1983 1984 1985 1986 o 1987
Quantity (million gallons) _ .
France ............... 38 36 a9 50 ' 89
AlY ..o 2 1 2 1 c 21
Netherlands ........... 6 . 8 1 : 9 7
Spain ................. ®) 3 (2) : 25 - L 5
OtherEC ............. 43 62 55 52 . 6
Total ............... 89 - 107 103 167 194
Value (1,000 ECU)
France ............... 62,154 65,053 71,822 74,268 99,434
taly .................. 3.276 2,187 1,456 2,692 8,931
Netherlands ........... 10,604 15,290 15,748 17,803 27,999
Spain................. (2) 2) (2) 14,897 3,458
Other EC ............. 76.534 118,993 106,602 87,838 86,331
Total ............... 153,018 201,523 195,628 197,498 223,153
Unit value (ECU per gallon)
France ............... 1.66 1.83 1.83 1.49 1.12
taly .................. 1.67 1.59 1.72 1.89 '0.42 -
Netherlands ........... 1.97 1.87 1.98 2.04 . 1.68
Spain. ................ (?) (2) (2) 0.61 .66
Other EC ............. 1.74 1.92 1.93 1.68 1.35
Average .............. 1.72 1.88 1.90 1.44 1.15

' The total figure for 1983-5 represents exports of the EC-10 and that for 1986-7 exports of the EC-12.
2 Spain was not included In EC statistics until 1986.

Source: Compiled from officlal statistics (Eurostat) of the Council of European Communities.
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Table F-15

Ethyl alcohol from agricultural sources: Exports from EC nations to Jamaica, 1986-87

Source Volume Value Unit value
' 1,000 1,000 ECU per
gallons ECU's gallons
1986: .
£ o - |« TP 69 17 0.25
France ..........cooiitiii it i i e i 5,855 1,722 .29
TotalECnations .............ovitiveinnnennnnn. 5,924 1,739 .29
1987:
£ o T 1 T O PP 265 116 .44
France ..........ciiiiiiiniii i, 8,715 2,775 .32
aly i e e i e e e 13,253 2,366 .18
United Kingdom ..............ciiiiiinrianenen. 1 6 -
TotalECnations ...............cciviininine.n 22,235 5,263 .24
Source: Complled from official statistics (Eurostat) of the Council of European Communities.
Table F-16
Ethyl alcohol from agricultural sources: ‘Exports from EC nations to the United States, 1983-87
Year and source nation Volume Value Unit value
1,000 1,000 ECU per
gallons ECU's gallons
1983:
France ...........ciiiiiiiiiiiiiirenernnen 821 1,538 1.87
Raly .. e e e 3 a3 (")
) Total .o e e e 824 1,568 1.90
1984:
France .......... . . i i i 1,503 2,360 1.57
1985:
France ........coiiiiiiinennrnnnnnennennnnns 4,144 5,949 1.44
Netherlands ................ceiitiiinniiinnnn. 75 99 1.33
Total oo e e e e 4,219 6,048 1.43
1986
Prance ........c..coiiiiitni it 4,105 4,475 1.09
ltaly ... ... e 11 44 {")
Netherlands ............... ... . ciiiiiiiinnnn. 354 263 0.74
Spaln .. e e 5,219 3,576 .68
Other EC-12 nations ................covvuiunnn. 8,274 12,644 1.53
Total ... e e 7,962 21,002 1.17
1987:
France ............ it it 4,903 3,091 .63
taly .. e e e e 03 2 (')
Netherlands ........................ ... ........ 5,508 6,403 1.16
Other EC-12 nations ..................covvvu... s 6,292 .95
Total ...t e e e e 17,404 15,788 .93

'These unit values, based on rounded figures, are not representative of the unit values of the indicated transactions.
Source: Compiled from official statistics (Eurostat) of the Councll of European Communities. There are no

equivalent statistics compiled by the U.S, Department of Commerce.



Table F-17

Ethy! alcohol from agricultural sources: Exports from EC nations to the world, other EC natlons, and
United States, 1983-87

Share of
Year and source Value total
1,000
ECU’s Percent
1983:
Exports to—
LYY 2 T~ P 153,018 100
Other EC-10 Nations .. ... . .ocurivnttnrsrronarasnncaenasaosreeenensnss 76,886 50
UNited StatB8 ... ....vvvt e eerensatoacsoacnaaonrosesosnnesunassnns 1,568 . 1
1984:
Exports to—
A1 2 U 1R e 201,523 100
Other EC-10 NationNs .. ...ovitttnetr s ienaraeansentennnessasessanesas 90,223 45
United States ...........c.covvverunrenens S 2,360 2
1985:
Exports to—
World ........ e e ettt e e 195,628 - 100
Other EC-10 natlons . ... ...ttt ernaenranenss 90,402 46
United States . ...ttt ettt et 6,048 3
1986:
Exports to—
R+ - T 197,498 100
Other EC-10 nations . ......ccv vttt it eienatnte e rnnseanreees 142,626 72
United States .. ... ..o ittt ittt ittt e ettt i e 21,002 1
1987:
Exports to— _
AT 2 - 1 223,153 100
Other EC-10 nations . ........ciitiiiitiititner oot sannnnnsasoanns 161,276 72
United StateS .. .....cciiittiiitt it e e e ey 15,788 7 {

Source: Complled from officlal statistics (Eurostat) of the Council of European Communities. There are no
equivalent statistics compiled by the U.S. Department of Commerce.

Table F-18

Methanol: U.S. production, exports of domestic merchandise, imports for consumption, and apparent
consumption, 1983-87

Ratio (percent)

U.S. Apparent of imports to
Year production Exports Imports consumption consumption
Quantity (million gallons)
1983 ........ 1,211 99 104 1,216 9
1984 ........ 1,242 43 194 1,393 14
1985 ........ 759 8 355 1,105 32
1986 ........ 1,093 34 376 1,435 26
1987 ........ 1,143 29 402 1,516 27
Value (million dollars)
1983 ........ 559 45 41 555 7
1984 ........ 491 27 64 528 12
1985 ........ 350 6 111 244 45
1986 ........ 360 12 95 443 21
1987 ........ 377 13 80 444 18
Unit value (cents per gallon)
1983 ........ 46 45 39 46 -
1984 ........ 40 62 33 38 -
1985 ........ 46 57 31 22 -
1986 ........ 33 37 25 31 -
1987 ........ 33 47 20 29 -

Source: Estimated by the staff of the U.S. International Trade Commission.
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Table F-19

© Methyl tert-butyl ether (MTBE): U.S. production, exports of domestic merchandise, imports for

consumption, and apparent consumption, 1983-87

Ratio (percent)

U.S. Apparent of imports to
Year production Exports Imports consumption consumption
" Quantity (million pounds}
839 1) 0 839 0
1,376 Y- (') 1,376 (2)
1,891 1) 0 1,891 0
4,725 1) 0 4,725 0
6,360 1) ) 6,360 (2)
Value (million dollars)
1983 ........ 151 ?) 0 ' 151 0
1984 ........ 220 3) (") 220 (2)
1985 ........ 303 3) 0 303 0
1986 ........ 520 3) 0 520 0
1987 ........ 763 3) _ (") 763 (?)
Unit value (cents per gallon)

1983 ........ 18 20 - 18 -
1984 ........ 16 20 20 16 -
1985 ........ 16 18 - 16 -
1986 ........ 11 14 - 11 -
1987 ........ 12 14 14 12 -

' Less than 500,000 Ibs.
2 | ess than 0.5 percent.
2 Less than $500.000.

Source: Estimated by the staff of-the U.S. International Trade Commission.



Table F-20

Metropolitan statistical areas with carbon monoxide levels greater than standard (9 ppm), 1987

Number of times™

limit was
Name of area Design value! exceeded
Los Angeles/Long Beach, CA ...........ciieitiiinrnnninirannns 27.4 52
Denver, CO ... . it i i i it i et e 24.0 59
PROBNIX, AZ ... ittt iiittrine et e eneantrneansensassrsasay 20.3 85
Provo/Orem, UT . ... .. it iitiiienrsrannssnoncesssnosnnnss 19.1 73
Fort Colling, CO ... ... .iiiiittiirnrenneanesnsentosnsonsonss 17.8 7
Fairbanks, AK ... ......ccuiiriinernenneensennernesssosasensonas 17.7 40
Albuquerque, NM . ........... it iitererentrnntcantananas 17.2 57
Medford, OR ... ..ottt ittt tnteenensornesasnenrorsnans 16.3 43
Sacramento, CA ...........ititiitiinnneeanaasenstetineasans 16.3 31
Las Vegas, NV ... ... ...ttt ettt inanaen s 16.3 21
RENO, NV .. ittt it ettt aaettannnrannaennnans 16.2 26
Greelay, CO .........iiiiiiiiiirintiatrarsocanranroneenassans 16.2 12
ANchorage, AK . ........oiiiiiiirnnnensianentnaranssnaonsnonss 16.0 43
BOISE, ID .. ...ttt i e e et e et 15.5 15
Spokane, WA ... ... ittt it e 15.4 15
SaAN JOSO, CA ... . i i it i e e et s 14.3 19
Yakima, WA ... . i it i i ittt e, 13.9 6
Bl Paso, TX ...ttt ittt iira i rneenernerasanornensonaneas 13.3 8
Colorado Springs, CO .......iviniienrnrnrannores e 13.2 4
T Oklahoma Clty, OK ... .0ttt ittt it iineet e enarnarannas 12.8 10
Kansas City, MO ... ...ttt ittt ennannnanseas 12.8 6
Anaheim/Santa Ana, CA 12.7 7
Missoula, MT ........... 12.6 8
San Francisco, CA .. .. 123 4
TacomMa, WA .. .. it it ittt e i e 12.2 15
Portland, OR .......... ittt ittt ie et enrneenanensensans 12.2 10
Salt Lake City/0gden, UT ... ... iiiiiiiiiieitrnternrrirnenins 12.0 9
Fresno, CA ... ..ttt inenitterntteentasneenrnansnn 12.0 9
TUCSON, AZ ..ttt eneine ittt enenaeanaaneanas 11.8 14
Seattle, WA . ... . . i i i i r e et ettt 11.5 10
Grants Pass, NM ... ... .. ittt it intinranenennens 11.3 12
Santa Barbara/Santa Maria/Lompoc, CA ...........ccviivninnnnns 10.5 5
Des Moines, A .. ... ittt i ittt et e, 10.4 6
DUBUGUE, A ... i it e i i e e e 10.3 2
[ - 117 T T 5 10.3 2
San Dlego, CA ...ttt ittt it ettt e e 10.3 4
Boulder/Longmont, CO ....... ... ciiiiniiiinientneessnenanns 9.9 2
Salem, OR ............. e e e ee et i 9.8 4
Vallejo/Falrfield/Napa, CA ......c.viiiiint ittt ieinrnnenn, 9.7 4
ChlCO, CA L it i ittt e it e e i e 9.6 2

' Fourth highest reading in 3-year period, 1983-85 (three readings over 9 ppm allowed in 3 years).

Source: Environmental Protection Agency.
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Table F-21 )
Air quality areas exceeding ozone standard {0.12 ppm);: 1987 .

- o : o ’ Number of times
iimit was
Name of-area . Design value’ exceeded

. _——e -~ o RN T R )

Los Angeles, CA ... ... ....... o0 iiriiennnnnnn reaeas ieeee... 0.36 1232 .

Houston/Galveston/Brazorla, TX .......... treneesaesenans e .25 : 20.2 v:

Greater Connecticut, CT ... ..ttt ir it iiniunnrestoesanasnnss .23 35.6 -
New York, NY-NJ-CT, NY ........ e e e e .22 31.3
SanDtego (0 e .21 11.2
Chicago/Gary/Lake Co., IL ...... et e e ien s Pearaaeas .20 8.5
Atlanta City, NJ .........c..covun.u. ey PO I 10.3
N 'Providence/Pawtucket/Fall River., JBI B LT T S AU S A .18+ 10.3

Philadelphia, PA ™ .. ... i et et ~ .18 9.9 |

Sacramento, CA . ..... ..ottt itonnittenersarsosannsannnes C .18 8.6
Baltimore, S N RS ¥ 4 10.1
Cincinnati/Hamilton, OH .. ... ... . it it iieeinaaannees A7 7.1
Fresno, CA ... .. ittt ittt et tneneaneeneanoaarneeaonns 17 6.6
Milwaukee/Racine, Wi . ... ...ttt it irennnnnrannaneas 17 6.2
San Francisco, CA ... ...ttt ittt ineenraaaneas e 17 3.7
Atlanta, GA ... . ittt e it e i et e .16 7.5
Bakersfield, CA ........... ittt inanannansens .16 27.2
Baton Rouge, LA ... ... .. ittt it it et e .16 3.4
Beaumont/Port Arthur, TX ... ...ttt innirnnannnns .16 8.3
Boston/Lawrence/Salem, MA .. ..... ... ... i i it iieiienrrannnns .18 6.6
Dallas/Ft. Worth, TX ... ...ttt ittt iinenananannnens .16 13.6
New Bedford, MA ... ... . . i i it iittienneaaannas .16 10.8
PROBNIX, AZ ... .. i i et e e e e .16 4.8
Portland, ME ... ... ..ttt ittt in e .16 6.8
Santa Barbara/San Maria/Lompoc, CA .......... ... iiiiinennnn .16 3.0
St. Louls, MO, ... ... .ttt ittt eenenentaan s .16 9.4
Washington, DC-MD-VA, DC . ........ ..ttt iiininninennnns .16 8.5
Longview/Marshall, TX .........ciitiiiinintinrinenernnrnneneens .15 2.3
Louisville, KY . ........c.itiiiiiiiinrennenrn, e 15 8.0
Memphis, TN ... . i it it it ittt ittt st enaeanennens 15 2.9
Modesto, CA ... .. . ittt ittt it e .15 13.0
Salt Lake City/Ogden, UT . ... ..ottt iiiiinrntanrrannnnes .16 4.4
Seaford, DE .........ccitiiiiitiit it et i e e 15 4.6
StOCKtON, CA ... . i ittt i i i i e e, .15 9.0
WOrCESter, MA ... . ittt ittt it .15 3.0
York Co., ME ... i it ittt ittt it ettt 15 9.5
Allentown/Bethlenem, PA .......... . . . 14 3.8
Cleveland/Akron/Lorain, OH ....... . .14 3.3
Dover, DE . ... . . i e e e e e, .14 3.7
Gardner, ME ... ... . ittt i i e e e s .14 2.2
Huntington/Ashland, WV-KY, WV .. ... ... ... ... . . it .14 5.2
Jacksonville, FL ....................0.. et e et .14 1.7
Kansas City, MO-KS, MO. ... ..ottt ittt innnens .14 2.4
Lake Charles, LA ... ... . ittt ittt iieraninennns 0.14 1.7
Muskegon, Ml .. ... ... i i e e e e .14 3.6
Nashville, TN ... . . i i i i it ittt et et e e .14 2.8
Northampton Co., VA ....................... e e, .14 2.6
Acadia National Park, ME . ............c. ittt .13 1.4
Birmingham, AL ................... .o, PP .13 2.4
Charleston, WV ., i i it it i e e .13 1.3
Charlotte/Gastonfa/Rock Hill, NC . ............. ..., .13 1.8
Dayton/Springfield, OH .. ... ...ttt iirerieerannnns .13 1.5
Denver/Boulder, CO . ........ ittt it cininanss .13 1.7
Detroit/Ann Arbor, Ml . ... ... .. i e e .13 2.2
Erle, PA . e e .13 1.4
Grand Rapids, Ml ... ... i e e .13 1.3
Hancock, Co., ME ... ... . ittt ittt e .13 1.5
Harrisburg/Lebanon/Carlisle, PA . .......... ... iiiireunnnn... .13 1.7
Iberville Parish, LA . ... ittt i inane .13 2.4
Indianapolis, IN . ... ... ottt i e e e e .13 2.5
Janesville/Beloit, WI .. ... ... . i e e e .13 1.9
Lancaster, PA ... ... it i i e e e e e e .13 3.3
Miami/Ft. Lauderdale, FL .............cc.c0iiiniinniniianann.. .13 1.3
Pittsburgh/Beaver Valley PA e e .13 2.6
Point Coupee Parish, LA .........coiiuiiiie i .13 31
Portland/Vancouver, OR-WA, OR ..........ccoiitiiininannnann.. .13 1.4
Portsmouth/Dover/Rochester, NH-ME, NH ....................... .13 1.3
Reading, PA ... . i i e e e e e .13 2.1
Richmond/Petersburg, VA ... ... ... .0 i ittt ininnnnn. .18 2.6

See footnote at end of table.



Table F-21—Continued - '
Air quality areas exceeding ozone standard (0.12 ppm), 1887

. S

Number of times'
. : - limit was

Name of area : Design value' - . exce:

St.James Parish, LA .. ............cccvivennns Cettevseenans .13 3.9

Tampa/St. Petersburg/Clearwater. FL......covues Ceseerrenneneen .13 1.7

Tulsa, OK ... ittt i iiiireeensseentosnnsanisssasnnns .13 1.9

VIsalIa/Tulare/Portervllle. [0 e .13 8.8

YOrK, PA ittt Ceeeseneen .13 2.5

Yuba City, CA ... .. iviiiiinnennn Cheeerreann Ceiereeaaes e 13 '3.0

! Fourth highest reading in 3-year period, 1883-85 (three readings over 0.12 ppm alowod n3 yom)
Source: Environmental Protection Agency.
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METHODOLOGY

This appendix explains the methods used to estimate the effects of chaages in
feedstock requirements on CBI ethanol producers, domestic producers, and consumers.
It derives the equations used to calculate the effect of changing feedstock requirements
on the cost of production. An imperfect substitutes model is also developed and used to
derive measurements of producer and consumer surplus changes.

Measurement of the welfare benefits realized by changes in CBERA feedstock
requirements should, in principle, include any changes in tariff or duty collections. There
are currently no tariffs collected on ethanol under CBI. In addition, there is a duty rate
of 3 percent and a duty of 60 cents per gallon levied against all imports of fuel ethanol
from non-CBI sources. This tariff has proved to be prohibitive. Although ethanol is
imported to the United States for industrial purposes subject to the 3-percent duty, the
additional duty of 60 cents per gallon on fuel ethanol has precluded imports of ethanol for
blending with gasoline. However, there is, in effect, a production subsidy for CBI and
U.S. ethanol producers. The U.S. Government currently provides a credit of 6 cents per

" gallon tax for 10-percent ethanol blends. This works out to be a subsidy of 60 cents per

gallon fuel ethanol. There are also various State and local subsidies.

_ Federal and State subsidies need to be balanced against the benefits of additional fuel
ethanol use. Ethanol blended fuels can significantly reduce emissions of carbon
monoxide, aromatic carcinogens, and the formation of ozone in urban areas. Whitten
(1988) and Randall (1988) have both reported that use of ethanol blends significantly
reduces CO emissions. Randall has reported that ethanol blends may reduce CO

- emissions by as much as 30 pefcén( These significant reductions in CO emissions more

than compensate for volatile orgamc compound emissions associated with ethanol blends,
resulting in significant feductions in ozone formation in urban areas. Ethanol is also a
much more environmentally benign substance than the aromatic hydrocarbons like
benzene, toluene, and xylene that have been substituted for lead since the EPA instituted
the phaseout of lead in gasoline. Benzene is a known carcinogen. Both xylene and CO
contribute to urban ozone formation. High levels of ozone can in turn result in lung
cancer. A significant number of major metropolitan areas are currently in
“nonattainment” status regarding EPA air quality standards (see tables F-20 and F-21).

Ethanol is an alternative to curbing transportation and industrial growth to meet air
quality standards, and offers an opportunity to significantly reduce cancer and other
illnesses related to air quality. -(See the Renewable Fuels Association 1988 proceedings).
The social consensus embodied in EPA enforcement of clean air standards and the fact
that additional subsidies will be needed to meet these standards implies that current
'subsidy rates per gallon of ethanol underestimate the social benefits of ethanol use. This
suggests that welfare measurements based on market prices, like those presented in
chapter 6, will underestimate actual social welfare benefits.

The geometry of the model

To understand the full effect of various feedstock requirements, we need to consider
the interaction between changes in the cost of production with other demand and supply
conditions. This allows the estimation of the full effect that alternative content
requirements have on CBI countries and on the domestic industry. This section discusses
these effects. It explains, geometrically, what is measured as the “effect” that changing
content requirements has on the U.S. industry and on CBI exporters.

The market for domestic fuel ethanol is represented by the supply and demand curves
SS and DD in panel a. of figure G-1, and the market for Caribbean fuel ethanol is



Figure G-1

Partial equilibrium analysis of the effects of changing CBERA indigenous feedstock
requirements for fuel ethanol production on U.S. Imports from CBERA beneficiaries,
competing domestic industry, and U.S. consumers
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represented by the curves Sc Sc and De De in panel b of figure G-1.7 With a decline in
indigenous feedstock requirements, the supply curve for Caribbean ethanol shifts from
ScSc to Sc’Sce’. The result is an increase in imports from M to M’. The price of imported
fuel ethanol falls from Pc to P<’. The fall in the price of imported ethanol results in a
decline in the demand for domestic fuel ethanol, with DD shifting to D’D'. The quantity
sold by the domestic industry declines from Q to Q’, while the price falls from Pu to Pu’.
The net gain to the Caribbean economies exporting ethanol is measured by the difference
between areas GAPc and HBP<'. This represents the net increase in GNP for CBI
countries, and is often referred to as producer surplus.2 The loss to factors of production
in the domestic industry (capital equipment, labor, corn farmers, etc.), is measured by
the trapezoid Po’FEPu. Changes in producer surplus represent the difference between
changes in revenue and the income that can be earned elsewhere by displaced factors.
The gain for U.S. consumers is measured by the sum of (Pc’-Pc)(Qc'+Qc)/2 and
(Pu’—Pu) (Qu’+Qu )/2

A decline in the price of gasoline leads to a decline in the demand for U.S. and CBI
ethanol. In terms of figure G-1, this shift in demand can be represented by the shift in
the demand for the U.S. product from DD to D’D’ and by the shift in demand for the
Caribbean product from DcDe to D’De’. The loss to U.S. and CBI producers is then
measured by the trapezoids Pu'FEPu and P<'’KAPe.

The equations

This section develops the equations used to calculate the effects of changes in
feedstock requirements. When the price of imported hydrous feedstock represents no
more than 65 percent of the value of the final product, the original CBERA requirements
meant that

(1) C(E)=C(F)+C(D,),

where C(E) is the per gallon cost of anhydrous ethanol f.0.b., C(F) is the per gallon cost

of imported feedstock, and C(Di) is the per gallon cost of distillation of imported hydrous‘
feedstock.

' The model presented here assumes that Caribbean and U.S. fuel ethanol are imperfect substitutes for
each other. The imperfect substitutes assumption is supported by extensive empirical evidence, such as
Isard (1977), Richardson (1978), and Kravis and Lipsey (1978). In the case of fuel ethanol, the prices
of Caribbean and U.S.-produced fuel ethanol have historically varied significantly from each other and
have often moved in opposite directions. Price data are presented in table G-1. It can be seen that the
U.S. product price (Pu) and the CBI product price (Pc) have often moved in opposite directions,
supporting the imperfect substitutes approach.

2 In principal, one needs to consider the effect on consumers as well. However, CBI fuel ethanol is
produced almost exclusively for U.S. consumption.

Table G-1

U.S. ethanol prices 19851-1988! (in U.S. dollars per gallon)

Period . Pua Pcb
19851 ... 1.45 1.19
198511 L 1.50 1.31
1985I1 L 1.50 1.10
19851V . . e 1.49 0.93
18861 ... e 1.40 1.08
198611 ... 1.13 1.07
19861 ... 0.93 0.97
19861V .. 0.73 1.01
1987) o 0.89 0.99
19870 1.15 1.00
198711 L 1.20 1.03
19871V L 1.09 1.09
19881 .. 0.99 1.13
1988H ... e 1.06 1.10

aADM, f.0.b., Decatur, IL.
b c.i.f.

Source: Official data of the U.S. Department of Commerce, as well as data from Information
Resources, Inc.



When the cost of imported feedstock represented more than 65 percent of the value
of anhydrous ethanol, producers were technically required, by the original provisions of
CBERA, to blend the imported feedstock with CBI-originated feedstock. In this case, the
original value added requirements can be stated formally as

(2)  .35=_[g(C(FCBI)+C(DCBI))+(1-g)C(DD)]
[&(C(F,, )+C(DQ, ))+(1-g) (C(D)+C(B)]

In equation (2), g represents the per gallon share of anhydrous ethanol that is produced
from CBI feedstock. C(Fcai) is the cost of CBI feedstock, and C(Dcgi) is the cost of
dehydrating hydrous CBI ethanol. From equation (2), we can derive

(3) C(E)= C(FI) (C(FCBI)+C(DCBI))
65(C(F_,)+C (D, ))+35(C(F)+C(D,))-D,

(4) g= .35(C(F1)+C(DI))-C (DI)
65(C(F_, )+C(D_,))+.35(C(F)+C(D ))-D,

According to equation (3), the cost of production increases with domestic value added
requirements as long as the cost of producing anhydrous ethanol is lower for imported
feedstock rather than CBI feedstock. For different value-added requirements R, the
terms .65 and .35 in equations (3) and (4) are replaced by (1-R) and R.

With the new feedstock requirement introduced with the Tax Reform Act of 1986,
duty-free treatment now requires that

(5) s= _g(C(FCBI)) .
[8(C(E.,)+C(R,))+(1-g) (C(D )+C(E,)]

In Equation (5), s is the share of CBI feedstock, by value, in total cost. In 1987, s was set
at .30, .60 in 1988, and .75 in 1989. The difference between equations (5) and (2) is
that distillation no longer counts in terms of value added. Given equation (5), we can
derive the requirements

(6) C(E)= C(FCBI) (C(FI)+C(DI)
(1-5)C(F_,)+s(C(F))+C(D)))-sC(D,,)

M e= s((CD+(DI))

(1-5)C(F, ) +s(C(E)+C(D,))~sC(D,, )

Equations (6) and (7) allow us to determine the cost of production given various
feedstock requirements, as represented by the variable s.!

The supply and demand curves for U.S.- and CBI-produced ethanol are assumed to
have constant elasticities.2 The U.S. market for CBI ethanol is represented by the
equations

! Producers could use a larger share of CBI ethanol, though at a higher cost. Equations (3) and (7)
represent the minimum cost at which firms can produce and still qualify under CBERA. .
2 Assuming constant elasticities is a common practice in estimating the effects of trade policy. See for

example Arce, Boltuck and Mendez (1988), Rousslang and Lindsey (1984), and Stern, Deardorff, and
Shiells (1982).



(8) Qc =k4(P./R)"™

9) Q. =k, (Pc)nmd (Ps)nmg (Pu)nmuv

where Qc is the level of imports, Pc is the price of CBI ethanol, R is an index of the CBI
total cost of production relative to a base period, Pg is the price of gasoline, and Pu is the
price of U.S. ethanol. Changes in R are determined by changes in CBERA feedstock
requirements. These changes measure movements in the industry’s marginal cost curve
that result from changing feedstock requirements, and are estimated using equation (6)
and cost figures reported by various industry sources as “representative” of the industry.
The parameter nms is the import elasticity of supply, nmd is the import elasticity of
demand, nmg is the cross-price elasticity of demand between CBERA ethanol imports and
gasoline, nmu is the cross-price elasticity of demand for CBERA ethanol with respect to
U.S. ethanol, and kd and ks are constants.

The U.S. market for domestic ethanol is represented by the equations

(10)  Qy =k, (P)™ (V)™

(11)  Q, =ka(P)™ (P)™® (Pn)™"™,

where Qu is the quantity of domestic ethanol, Pu is the price of U.S. ethanol, and V is an
index of variable input costs. V is based on net corn costs and average labor and energy
costs per plant as reported by LeBlanc and Reilly (1988).! The parameter eus is the
elasticity of supply for U.S. ethanol, euwv is the elasticity of supply with respect to the cost
parameter V, eud is the elasticity of demand for U.S. ethanol, euw is the cross-price
elasticity of demand for domestic ethanol with respect to the price of gasoline, eum is the
cross-price elasticity of demand for U.S. ethanol with respect to the price of CBI ethanol,
and K: and K4 are constants.

The elasticities of equilibrium price and quantity in the CBI ethanol market with
respect to R, n mp,r and nmq,r, are determined by the equations

(12) n_

u us u ms md

o S0 e /(e e, )0 2 ODT 7 [,/ (00, )]

(13) n_=n_(n_ -1).

ms * mp,r

The elasticities of equilibrium price and quantity in the U.S. domestic product market
with respect to R, eup,r and euq,r, are determined by the equations

(14) e =n  le /(e;e )]

,r mp,r' um

(15 euq’r= e e

up,r’

From equations (8) and (10), producer surplus for CBI and U.S. producers, PSc and
PSu, or the areas between the price lines and the supply curves, is given by

(16) P = [1/(1+n )][Q.P]

(17) PS = [1/(1+n )][Q,P ].

! The USDA-ERS study surveyed the six largest ethanol producers (over 40 million gallons per year) as
well as five small and medium-sized producers. Average operating costs are reported, excluding net corn
costs (page 10). Since operating costs were averaged across wel-mill and dry-mill operations by ERS,
measures of variable costs include net corn costs weighted by wet and dry milling capacity. Net corn costs
are based on byproduct yields reported. by the National Advisory Panel on Cost-Effectiveness of Fuel
Ethanol Production (1987, pp 2.3-2.6), and on byproduct prices reported by LeBlanc and Reilly, the
U.S. Bureau of Labor Statistics, and Information Resources, Inc.



Given a change in the supply of imported ethanol because of a change in feedstock
requirements, there will be a change in Qc to Q¢’, Pc to Pc’, Qu to Qv’, and Pu to Pu’.
These changes are measured, in percentage terms, by equations (12)-(15). The net gain
to CBI producers can be measured using equation (16). Given a change in the cost of
production, the net cost or benefit to CBI producers Cec is

(18) C,. = (V/(1+n )I[Q; P)-(QP)].

Since CBI ethanol is produced almost exclusively for export to the U.S., equation (18)
also measures the change in CBI GDP that results from the change in production costs.
The net cost or benefit to U.S. producers Cepu is

(19) G, = [U/(1+e )I(Q] P)-(PQ)].-

The net welfare gain for the U.S. is the sum of benefits to producers and consumers.’
The cost to consumers of a change in CBI production costs and of the resulting change in
the price of CBI ethanol is measured by

(20) CC_= (P'-P) (Q + Q')/2,

and the cost to consumers of a change in the price of U.S. ethanol is measured by

(@1) CC,= (B-P) (Q+ Q)2

The total cost to consumers is then measured by

(22) CC = (U/)[(P-P ) (Q+Q’) + (P-P)(Q+Q)].
Description of the data

Import data were taken from official statistics of the U.S. Department of Commerce.
Data for the domestic industry were taken from official statistics of the U.S. Department
of Transportation, the U.S. Department of Commerce, and from data provided by
Information Resources, Inc. The dollar estimates of changes in consumer and producer
surplus that were presented in the text of Chapter 6 and the average change in the cost of
production that resulted from changes in indigenous feedstock requirements were
calculated using the equations developed in this appendix.

The parameters eus, €ud, €ug, and ew were estimated econometrically from quarterly
data covering the period 19851-19881. The parameters nms, nmg, and nmd were
calculated as point estimates from 1987 and 1988 import and price data.?2 The
reduced-form cross-price elasticity of CBI ethanol imports with respect to gasoline prices
was also calculated as a point estimate from 1987 import and price data. Finally, the
cross-price elasticities between the United States and CBI product were calculated using
relationships suggested by economic theory. There were no fuel ethanol imports from

! See Rousslang and Suomela (1985) and Roussiang and Lindsey (1984) for further discussion of the
calculation of consumer surplus. Consumer surplus changes can be measured using information on total
expenditures and elasticities. However, since quantities and prices were estimated in this report to answer
other questions about displaced production, consumer surplus changes are estimated here directly from
these estimates. Since we have constant elasticity demand curves, the estimates made here are biased
upwards. However, given the additional social benefits not reflected in private costs, it is not clear
whether social benefits are over- or under-estimated. '

2 The domestic market equations were estimated using two-stage least squares, and using the Theil and
Nagar (1961) method for correcting for small-sample auto-correlation. For a more complete discussion
of the identification problem and its solution using two-stage least squares, see Wonnacott and
Wonnacott (1979, pp 274-285). Since much of the quarterly data used in the regression is averaged
monthly data, auto-correlation is expected. Correcting for small sample auto-correlation by the
Theil-Nagar method is discussed by Gujarati (1978, pp. 241-242).



elasticity of demand between U.S. ethanol and the price of CBI ethanol was th
calculated by assuming that all expenditures that shifted away from CBI ethanol as CB
prices changed were shifted toward U.S. ethanol. This assumption yields an upper-bound
estimate of eum, since some of the expenditures shifted away from CBI ethanol are
probably spent on other octane enhancers, and even on other commodity groups. This
approach also assumes that any changes in U.S. GNP are negligible as a result of CBI
ethanol price changes.2

Given the full set of elasticity estimates, the effect of changes in feedstock
requirements was estimated through equations (12)-(15), (19)-(20), and (22). The time
period, July-December 1987, was taken as the baseline period for estimation purposes,
with adjustments made for changes in production costs.

third countries competing with CBI and U.S. ethanol in 1987-88." The cross-prifq

! There were imports of ethanol from other countries for “nonbeverage” purposes. However, they were
all subject 10 only a 3-percent rate of duty, meaning they were declared to Customs as not intended for use
as fuel ethanol.
2 Formally, we assume that dVj =-dVi, where Vj=Pj Qj, or that
dCj =(QidPj)+(PjdQj)=-PidQi.
By collecting and rearranging terms and multiplying by (1/Qi) and (1/dPj), we get
(Qi/Qi) (dPi/dPj)=-[(Pi/dP;) (dQi/Qi) +(Pi/dPj) (dQj/Qi )
which, when further rearranged, yields
-(Qj/Qi)=[ (Pi/Pj)eij +(Qi/Qi)eii ].
Multiplying both sides by (Pj/Pi), and making one further set of manipulations yields ‘
eij =-F (QiPj)/(Qipi) f[1+eii]=-(vilvi Y[1+eii ).
See Rousslang and Parker (1984) for a method of estimating cross-price elasticities when there is morg.
than one import competing with the domestic product.
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ENVIRONMENTAL AND FUTURE DEMAND ASPECTS OF THE
CLEAN AIR ACT AND SPECIFIED POLLUTANTS ON FUEL ETHANOI‘

The Clean Air Act

The Clean Air Act, as amended (42 USC 7401-7626) requires that the
concentrations of specified pollutants in the air not exceed specified levels—National
Ambient Air Quality Standards, or NAAQS—set by the Environmental Protection Agency
(EPA) to protect public health. The Act specifies six such pollutants and gives EPA the
responsibility of identifying others over time.

Two of the original six are ozone and carbon monoxide (CO). CO is emitted directly
as a pollutant, mostly as a product of imperfect combustion in vehicle engines and other
combustion sources in industry. Ozone is not emitted directly but forms in the air by
reaction in the presence of sunlight of volatile organic chemicals (VOC’s) and nitrogen
oxides (NOx), both of which are emitted from vehicles, industry, and other sources.

The Act specifies that, in areas of the country where concentrations of these
pollutants exceed the standards, the States are to develop plans (State Implementation
Plans, or SIP’s) to control emission sources so that ambient air concentrations are
reduced to the point that the standards will be met, and the deadline for meeting the
standards was set at December 31, 1987 for CO and ozone,! later extended by Congress
to August 1988.

The States with nonattainment areas have taken a number of steps to reduce the
offending emissions, such as inspection/maintenance systems for cars in use, improved
public transit, improved traffic flow, and staggered work hours. However, in November
1987, the EPA identified 81 metropolitan areas as not meeting the CO standard and 76 as
not meeting the ozone standard. For the most part, these metropolitan areas missed the
deadline, or dropped below the standard in recent months. (For example, 13 cities thay,
met Federal air quality standards in 1986 slipped out of compliance in 1987. In 198
more areas regressed.) §

For most of the nonattainment areas, most of the easy steps have been taken. The
next increments of emission reduction will be seen by many as imposing significant cost or
inconvenience.?2 In the Los Angeles area, even a stretched-out program to meet the clean
air standards includes the possibility of a ban on gasoline-fueled automobiles and the
shutdown of industrial plants.

On the national level, the EPA has taken a number of steps to reduce emissions.
Perhaps the best known is the emission control program for new vehicles. Other steps
involve alleviation of industrial sources.

As noted above, the Clean Air Act called for attainment of the carbon monoxide and
ozone NAAQS in all States by the end of 1987, later extended to August 1988. States
failing to adopt plans to achieve attainment face a prospective ban on new major emission
sources. Areas that fail to attain the standards are subject to a new round of planning and
emission controls. States that do not prepare an adequate plan in the post-1987 period
face the ban on new source construction as well as freezes in Federal grants for other
purposes. A few of them, including some of the largest metropolitan areas, also face a
freeze in Federal highway funds. Additionally, if a State fails to develop an adequate
plan (SIP) for attaining the NAAQS, the EPA is required by law to promuigate and
enforce a Federal Implementation Plan (FIP rather than SIP), which may include
disruptive control actions such as downtown parking restrictions, staggered working hours,
gasoline rationing, Stage 1I gasoline vapor recovery, and others.

In general, strategies proposed by EPA and States to establish a path to Clean Air Act
attainment for ozone and CO, in addition to those discussed above, include more rigorotse- - -

; Congressional Research Service, “Emissions Impact of Oxygenated Fuels,” May 20, 1987.
Ibid.



and frequent automobile inspections and maintenance, reducing gasoline volatility limits,
and other types of fuel modification requirements, including mandating minimum oxygen
weight in gasoline.! Officials of eight Northeastern States recently agreed on a plan to cut
ozone pollution. If implemented it reportedly could cut emissions by up to 200,000 tons
every summer, at a cost of 2 to 3 cents per gallon of gasoline.2

Although reauthorization of the Clean Air Act was not achieved by the 100th
Congress, legislative proposals made in 1987 and 1988 are likely to emerge in some form
in 1989. Prominent among them was the Mitchell bill, S. 1894, which would require
States to submit revised implementation plans for areas not meeting standards for CO or
ozone. Depending on the severity of the problem, the plans should provide for
attainment of the standards by 1992, 1997, or 2002. The implementation plans should
require vehicle emission control programs, recovery of hydrocarbon emissions from
fueling of motor vehicles, schedules for requiring the use of alternative fuels with lower
emission characteristics, and other actions.3

In the House, Representative Henry Waxman’s proposals included new CO and
hydrocarbon emissions limits for vehicles beginning with the 1992 model year and
required vehicles sold after 1990 to be equipped with an onboard vapor recovery system.4
The Group-of-Nine bill, H.R. 3054, would impose less stringent controls than those of the
Waxman bill; would provide for a phased-in approach to tailpipe standards of
hydrocarbons, CO, and nitrogen oxides; and proposes onboard recovery for vehicles.5

Carbon monoxide.—Carbon monoxide (CO) is a poisonous gas emitted directly in
vehicle exhaust because of the incomplete combustion of gasoline or other fuel. CO
affects cardiovascular functions. Transportation sources account for more than two-thirds
of CO emissions nationwide, and as much as 90 percent in many urban areas.
Additionally, cars account for approximately two-thirds to three-fourths of all vehicle
emissions. Measures to reduce ambient levels of CO (and ozone) have included Federal
emissions standards for new automobiles; in some areas, State-level inspection and
maintenance programs; improving traffic flow; carpooling; and expanding public
transportation.®

The National Ambient Air Quality Standard for CO is 9 parts per million (ppm)
averaged over 8 hours, and 35 ppm for a 1-hour average not to be exceeded more than
once a year. Altogether, 81 metropolitan areas were in nonattainment with CO standards
(10 in Californija) in a list published by EPA on November 17, 1987.7 Table F-20 shows
the major offenders.

Pre-1981 vehicles contribute approximately 87 percent of the volatile-
organic-chemical (see ozone section below) and CO exhaust emissions and are expected
to be the source of about 65 percent in 1990. CO nonattainment is expected to improve
as new cars with low CO displace older cars, such that by 1995 approximately 80 to 90
percent of the urban areas now in nonattainment for CO will achieve attainment.
. (However, recent doubts have arisen about emission levels during cold-start situations,
when the three-way catalysts are not yet operative.)®8

Blends of gasoline with alcohols or other oxygenated hydrocarbons are effective in
reducing CO emissions. The additives of most interest have been ethanol, methanol, and
MTBE. Preferably the oxygen content of the blend should be in the range of 2 to 3.5

! Biof(km {nlernalional, submission to U.S. International Trade Commission, Nov. 11, 1988,
pp. I-K, L. .

2 Business Week, Oct. 31, 1988, p. 152D.

® "The Impact of the Proposed Clean Air Act Amendments,” Chemica! Engineering Progress, December
1988, pp.41-49.

4 Ibid. Also see Alcohol Week, May 9, 1988, p. 11.

s Ibid.

¢ National Advisory Panel, “Fuel Ethanol Cost Effectiveness Study."” pp. 4-1 to 4-4.

7 Bici»Cr?JmIlniemalional, submission to U.S. International Trade Commission, Nov. 11, 1988,

pp. 1-IN, L.

° Ibid.



percent. The commonly used blend of 90 percent gasoline and 10 percent ethanol has
an oxygen content of 3.7 percent.! The reduction of CO emissions by the blends is most
pronounced with pre-1981 model year cars. Late-model cars have sensors in the exhaust
system controlling the air-fuel ratio in the engine as well as fuel injection and/or “adaptive
learning” electronic systems for the same purpose, which minimize CO and other
emissions.2 For all model years the CO reduction is greatest at high altitudes.

The State of Colorado, after studying oxygenated fuels for several years as a control
technique for its CO nonattainment problem, in June 1987 made the use of oxygenated
fuels mandatory during the winter months in Denver and other “front range” cities.
These areas have serious CO problems during the winter months. During January and
February 1988, fuels sold in the affected areas had to contain 1.5 percent oxygen by
weight. The Coloradans chose to do this by blending gasoline with MTBE rather than
with ethanol. In later years the requirement will be 2.0 percent oxygen content from
November through February.

In Phoenix, AZ, EPA was under Federal District Court order to promulgate a CO
plan to provide for attainment by 1991.3 Other areas considering mandates for use of
oxygenated fules are New Mexico; Reno, NV; Tucson, AZ; and Salt Lake City, UT.

Ozone.—Ozone-high in the stratosphere is beneficial because it s¢reens out harmful
solar rays. In recent years ozone depletion in the stratosphere, including the ozone
“holes” over Antarctica, has been a subject of international concern. But close to the
ground (in the troposphere) smog-causing ozone is° a dangerous respiratory irritant
produced by the sunlight-catalyzed chemical reactions of oxygen with hydrocarbons and
nitrogen oxides, the source of which is mainly motor vehicles. Numerous health risks are
associated with overexposure, such as pulmonary irritation, susceptibility to bacterial
infection, worsening of asthma attacks, and premature aging symptoms. In addition,
ozone is responsible for crop yield reductions and forest injury. The NAAQS for ozone is
a maximum of a 1-hour level of 0.12 ppm, not to be exceeded more than three times in a
3-year period. Recent recommendations are that the standard should be set at 0.08 to
0.14 ppm.4 : ’

In a report published by EPA in November 1987, 76 metropolitan areas were listed
for nonattainment with EPA’s ozone standard, including 11 cities in California and 13
cities that had met the standards in 1986. More cities regressed in 1988. Table F-21
shows EPA’s 1987 list. .

For areas with the most serious ozone problems, the solution may be to completely
replace gasoline with methanol or ethanol in newly designed vehicles (such as Brazil has
done), or conceivably even switch to electric cars. This plan, including installation of a
new fuel distribution system as well, would take years.

By far the worst problem—CO as well as ozone—exists in Los Angeles and the
surrounding area (known as the South Coast Basin). Officials there proposed a 20-year
plan for reduction of hydrocarbons that anticipated that 40 percent of passenger vehicles
and 70 percent of trucks would be converted to clean fuel or even electricity. This plan
was favored by EPA. However, a Federal court ruled in January 1988 that EPA cannot
approve a plan expected to take longer than 5 years. In November 1988 EPA issued a
notice seeking public comment options for controlling ozone immediately, in 5 years, or
in 20 years. All these plans are based on reducing 80 to 90 percent of hydrocarbon
emissions from the largest, oil-based sources—motor vehicles; airplanes and boats; the
chemical, pharmaceutical, petroleum, and rubber industry’s manufacturing facilities; and
household cleaners and beauty products. Depending on the time allowed, EPA holds out
the possibility of a ban on gasoline-fueled automobiles and shutdown of manufacturing

! Emissions Impact of Oxygenated Fuels, ibid. The EPA limit was originally set at 2 percent under the
i‘ss;:stanually similar” section of the act. The 3.7 percent content is one of the waivers permiited by

";9“8'Iéhe Role of Ethanol in the 1990's,” EPA testimony at House of Representatives Hearing, May 11,

3 Ibid.
“ BioCom International, submission to U.S. International Trade Commission, Nov. 11, 1988, p. I-I.



plants, and that any attempt to achieve Federal clean air standards within the
court-ordered S5 years would “destroy the local economy and impose requirements so
draconian as to remake life there.”!

Other areas for possible mandates to reduce ozone are Louisville and Chicago
suburbs, East St. Louis, Atlanta, Dallas/Fort Worth, and Sacramento.2 There are 30
other hardcore areas that will not achieve attainment even with the .full set of
implementation measures under consideration. Although ozone emissions will decline as
new cars come on line and take the place of older cars, the number of nonattainment
areas could still equal 30 to 40 by 1990.3

Ozone nonattainment is expected to worsen in the late 1990’s, because:

(@) the relative importance of new vehicles is less for ozone than for
CO;
(b) vehicle miles driven in urban areas are expected to continue to

increase in the future, thus offsetting and, at some point,
overwhelming the reduction of emissions in each car; and

(c) Volatile-organic-chemical precursors to ozone (see below) from
industries and other stationary sources will increase due to
general economic growth.

Ozone is not directly emitted in automobile exhaust. It is formed in air when primary
pollutants, namely volatile organic chemicals and nitrogen oxides react in the presence of
sunlight and heat. Though ethanol itself is no more volatile than gasoline, the volatility of
its blends with gasoline is 1.5 to 2 times as high as the volatility of gasoline alone. That
translates into an increase in Reid Vapor Pressure, the standard measure of volatility used
for fuels) of 1 to 2 pounds per square inch (psi). The blends currently sold are under
waiver from EPA (and from many States), despite their higher volatility.*

Higher volatility means that more fuel evaporates during and after vehicle operation,
and more fuel escapes into the air during vehicle refueling and from evaporation both
from the fuel tank and the fuel metering system (carburetor or injection system). What -
escapes is mostly gasoline—i.e., hydrocarbons, referred to as volatile organic compounds,
or VOC’s—which contributes to ozone formation. '

Most of the States regulate volatility in some manner and for some time EPA has
considered putting a new nationwide vapor pressure regulation into effect that would put
an upper limit on RVP. It might or might not grant ethanol-gasoline blends an allowance
that would permit their RVP to be 1 or 2 psi higher than that of gasoline alone. However,
in a recent study sponsored by the Renewable Fuels Association, it was found that—

“despite the fact that the use of ethanol-blended fuels in automobiles
can be expected to increase the ambient concentrations of VOC in urban
atmospheres, these fuels are not likely to increase smog formation. . .
The study reported here shows that CO reductions can reduce ozone
formation in urban areas, reductions that more than compensate for the
effect on ozone of increased emissions of VOC from the use of
ethanol-blended fuels. . . Reductions in CO emissions resulting from
automobiles using ethanol blends always mitigate and often reverse any
increases in urban ozone that might result from the evaporative emissions -
increases identified with the use of ethanol blends.”5

' “L.A. Won't Be Fine for a Long Time, Smog Report Says,” The Washington Post, Nov. 28, 1988.
2 Chemical Week, Sept. 7, 1988, p. 15. .

3 BioCom International, submission to the Commission, pp. I-K, H, 1.

4 Congressional Research Service, “Emissions Impact of Oxygenated Fuels,” May 20, 1987.

8 Testimony of Renewable Fuels Association at Congressional Hearing, May 11, 1988.



This test was preliminary and subject to verification by subsequent work.

Regulating and lowering the RVP of gasoline, especially if no special RVP allowance is
granted to blends containing ethanol, would cause problems at petroleum refineries,

“which would have to reformulate their fuel by removing some of the lighter components,

particularly butane. Butane is cheap, high octane, clean burning, nontoxic, adds about 7
percent to the U.S. gasoline supply, and has very few other desired uses. For a
conventional commercial gasoline without ethanol or other oxygenates, an RVP reduction
of 2 psi for summer gasoline would require lowering the butane content from 6 to 2
percent by volume. For a blend containing 10-percent ethanol, the same RVP reduction
would require eliminating the butane content entirely.!

' Ashland Petroleum Company, statement of Sept. 15, 1985.



