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Pesticides ave a sizeable item of expenditures for Americar

farmers. Accoding to recent statistics, agricultural chemicals

{other than fertilizers} amounted to sbout 2%

o

production expenses; this is one~fourth of thely
fercililzersand not far behind those for sead,
Pesticides are high-energy goods, per unit of w

Y

high priced per unit of weight, and theraefore

intensive per dollay than per wound. Hence, farmers' uze of pesticides
3 ke 2 &

represent only 2 minor share in their use of indirect energy. However,
different pesticides requive very different levels of energy for their
production, as v ili he seen below. This renders any gencrai%zed finding

ntensity of pesticidﬂf vncertain, and it is worthwhile

wai.‘

on the ensrgy
to search for and analyze the facts that can be found, in oxder to
illustrate what levels, and what vanges of variation, we have to reckon
with.

- The Sngec& will be pursued on two levels. One is based on
aggregate statistics from the United States: fhe main source is the
Census of Manufactured, analyzed by help of existing input-output studies
foremost the Inergy Analysis ﬁandhaak»(ﬁﬁﬁ},gf and oﬁher y@ytinent
statistics. The cther level draws on process data -~ those on individual
pesticides frem a British inguiry and those on fefmulaﬁion and packaging

developed in the U}tted States, of which further below.

U.S. manufacturing data. The Census of Manufactures, 1967, gives very

few details on Industry 2879, "Agricultural chemicals, n.e.c.". Hence,
the EAH energy intensity coefficient for this industry {for 1%67) is bases
on residuals and will not be used here, Instead we combine data from

the 1972 and 1977 censuses with other relevant sources,



*The 1972 Census data on energy uzsed in
1971 and will be combined with the industyy ﬁuﬁpvtvaﬁ that year (1.21
¥

billion pounds}. Data on fusls an
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in this census ave most!
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kwh) and are adde
of fuels% & residusl in do x}ars is also

always appear to fit consistently.

in the industyy uander scrutiny come:

indirect {or, backward-linkage} requirements of the energy supp
47 '

industries, ' the sum comes to 20 trillien Btu. Dividing with

-

put of the industyy

use Gf‘capiiai; Bet

costs of mark**zngu

" .

Purchase of chemical ingredients {intermediate goods) ave specified
4]

for the first time {for Induétﬂy 28733 in the 1377 Census of Mapufacturss.
The total of materials purchased came to $1,227.2 million, of which only
$679.7 million were specifisd. Of the specified amount, $422.9 millicn
were for chemical ingredients, $126.6 willion for formulating materials,

and $130.2 million for packaging. Assuming the unspecified portion to
ol fh vy

represent the same commodity mix, we obtain a raised total of £784.2

willion as the likely total for purchased chemical materials in 1877.

Dividing by the volume of output in 1877, which was 1.33 billion pounds,—
we find 57.46 cents worth of chemical materials per p@bﬂd of pesticides

.in 1977. To apply the findings of the input-ocutput studies for 1967,
‘we first divide through by the prics index for chemical products which
is 292 for 1977 (1967=1007 and obtain 318.70 cents worth of chemical

materials per pound of pestic
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we apply the 1967 energy intensity a@efsicisﬁt for a1l chemical

industry (sector 30}, which was 244,711 Btu per dollar’s worth of

2f

cutput {(Wall postexr}™ , and obtain 43$2§§ Btu as the estimate of energy

"



used for chemical imgredients per pound of pest:

'Y

The same procedure is applieé to the purchases of formlating

materials, much of which also originates in other chemical industxies,

«

The result is 14,400 Btu per pound of pesticide, active ingredient.

Packaging materials are snalyzed in the same the
energy intensity coefficients for the Plastics, Glas contalners, Japerw

.

board conteiners, and Metal centainers industries {

2500, and 3201, BAH), vesulting in an estimate of 7,400 Biu per p@uné
of pesticide actlive
to capture. According te data

value of fixed zsets in Industry

2879 ha o

'15

Ty s g ; r R SN T N SN S 17 g7 e
about 40 percent of (gross} valus of shipments. Thus

this inﬁuﬁtryz as a processor of already moch proc
goods, is not very capital intemsive. New capital expsnditures in

the same years have varied between ¥ percent and 8

wwrcant of gross

value of shipments per year. Was 5 sion in the

years we are concerned with, we may choose a value close to the lower

bound and assume depreciation to be on the oxder of 4 p
shipment value, or one-tenth of fixed asset value.
jgg,, we obtain an annual capital cost of $40 willion. To estimate

]

embodied energy, we assume this investment to be new construction,
residential {sector 1192, EAH) with an energy intensity coefficient

o~
of 75 728 Btu per dollar's worth. This leads to an estinate of 3

Triilion Btu as annual hrough the use of

capitaln Eiviéing this by 1.14 billion pounds (the 1967 production),

ticide active ingredient.

€
@
H
fd
"‘5
‘:27
Lo
\Z‘“‘
T
o
4
7
&
o
e
e
o}
L A e
'r=
"fl

Tat of maxketing, we use the guldelines of
the BAH agnd iind that the marketing margin for pesticides is 12 percent

" of the vetail price. The distribution of this cost on railroad and motor

transportation, and on wholesale and retail trade, shows these costs to
<3
be 6,500 Btu per doliar's worth of pesticide in 1867;% with the average

1967 price of 80 cents per pound, this gives 5,200

pesticide active ingredient.



an now be summed:
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Chemical ingredien ' 48
Capital charge 2

Sub~-total: aufacturing 67, 300

3

Sub~-to
Double,

Marketing 5

The totsl includes double the amounts caloulated for formulating
and packaqimg materials, because it is know that much of this phase in
pr&ducti@n is done by wholesalers, only part of it takes place in the
chemical factori

portion is not know with any

time. A USDA source savs that in 1871, basic

percent of the fnrmulatian of ferm herbicides and 48 percent of the
s F

. s 7 . -
insecticides ~ Thig may not include the guantities exporied, and

n
also says nothing of fungicides, fumigants, ete. Assuming half is

th

ormulated in the basic factories is a crude assumption but it is as

5 as the information will allow us.
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in the United States. That is far from poinciding with the pesticides

that American farmers use. Bxports vastly exceed lwmports in American
.pesticide trade, and pesticides are ussd by many other people hesides
farmers. The commodity composition of farmers’ use, as we shall soon

see, is as ﬂp(}f"ﬁ,&lt for sotal ens ey QQT‘SM"""‘L on in farm pes sticides

‘as any precision in the detaziled estimates.



British process data. Ensvgy input into pesticides was studied

several vears zgoe by scientists working for Imper:

Industrieseggf Energy input into several processes were studied
separately, hackward-linkage energy was computed, as were alsc

several indirect emergy costs; capiial charges were considerved insign-

®

ificiant., FRor 21 specified pesticides, dats were given as summerised
s pe £

in Table 1.

The most striking feature is the wide dispersion of energy

costs for individual products; from Tﬁxaph@ﬁﬁ to Paraquat, the

range is almost as 1:8. the comuodity cosposition of aggregate
conswmption {or production) will have far ves quences for
gver-all energy intensity.

figures sre for 100

tailed—~ | vishing three classes of formulating
t

differences in packaging, gave the following

w.?

7

? 00 Bru

formulation) 10,400 Btu

shows that most if not all

way, aud many of them are sometimes formzlated in all available ways,

Statistics on pesticide uvse ave not explicit on thess proportions. USDA

survey data give the bulk (70 pevcent)

iess precise on the distribution of



Table 1. Energy Used
metric ton,

Herbicides Gditon Btulton Pungicides Gifton Btu/)

-
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Atrazine 190 §2 Captan 115
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Dinosel 80 %4

PrS

Diquat o480 172 Insecticides

Diuvroen 270 116 Carbary
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Glyphosate . 454 19

MOPA 130 56
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parathion 164G &9
ks £y g e S 7 i3
Paraguat 450 igg o eren b e e - -
Toxaphens e 3

Propachlor 280 125
Propanil 220 a5

Trifluralin 150 64

Source:

Conversion factors: 1 joule = 00K

5

1 pound = 4536 kilog

o
=
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water based f@fmalatiams&éf' Ifilimois agricultural statistics appear
to indicate proportions between wettable powder, miscible oils, and
;

granules of Si:@i:?gggf From such indications we may conclude that the
weighted average would be likely in the range of 49,000 -45,000 Btu
per pound of yeﬁtiaide active ingredient, for formulation and packaging
materials. This comes mlage to the estimate given above, based on
Census of Manufactures and inout-output data. In Pimentel's data,
packaging appears tc come to about one-fourth of the total for formulatin,
and packaging; in the above calculations based on Census of Manufactures,
the same proportion is a third, The'diffﬁfﬂﬂme is not largs, given the
many uncertainties in data and computations. Rather the vesults ave

close enough so that the two sets of estimates support each other.

£

Bvaluztion. Rased on the sbove, Table 2 shows energy intensities for
individual fs sticides including the British process data for manufacturin
{as in Table 1) and the sum of coefficients for formulating, packaging
and marketing bassd on ﬁ;ﬁe Census data. This meAnS that 49,000 Btu

per pound of active ingredient have been added to the data in Table 1.
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isted both

cioides
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Table 2 further shows rates of usage for those pest

in the British data and in U.S5. statistics
Bespite the cushioning affect of a constant addition to each iter
differences between ind

74 to 244. It is easy

ividual pesticides are still large, ¥ Q“iﬁﬁ from
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over time, some of the more energy
intensive ongs have increased while low-intensive items have lost ground,

absolutely or velatively. The coverage is lessz than half, and the
welght of a few large items brings to mind how much could be changed if
some large ones had been added to the specified list, such as DOT in
1966 or Alachioxr in 1976,

The sub-total shown for manufacturing @uﬁy (the

Table 1} show a variation from 51 to 74 thousand Btu per pound of

5;

ctive ingredient.

Census of Manufac

&

j#)
that also the British process data are tolex
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&

of U.5. chemical Ffoctovies., Thus we have doubl
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Table 2. U.S. Farmers' Use of Specified Pesticides and Thelr Energy
Intensity, 1966 andi976.

 EmeTey s 1066 5 of 1976 % of
intensity,~
mmmmmmmmmmmmmmmmmmmmmmm %&?Qﬁ?zﬂéwm_,,,.”..,_§§Qm¥§s..ﬂ,,“fé%‘Eé}me@ym}h total
He1b1c1des,
Atrazine 131 : 23,521 6.66 80,300 13.67
Dicamba 176 222 .08 3,600 54
Diuron o : 165 1,624 . 46 . 800 <14
MCPA 105 1,669 L L47 e ~
Pyropachlor 174 2,269 .64 11,060 1.67
Propanil 144 2,589 .73 6,900 - 1.04
Trifluralin : 112 5,223 1.48 28,300 4,28
2.4-D 8¢ 40,144 11.36 38,400 5.81
2,4,5-T 107 760 22 - -
Fungicides:
Captan - - 28 6,869 .84 - -
Ferbam 75 2,945 B3 160 015
Maneb ez 4,443 1.26 160 015
Insecticides:
Carbaryl : 115 : 12,392 3.51% 4,300 1.41

_Carbofuran . 244 e - 11,600 1.76
ﬁethv} parathion o118 2,002 2.27 22,800 1.76
Toxapnen 74 34,6058 .80 53,760 4.65

v ,
Totals 353,241%1’, 660. @54'

, S . ‘ 502,502~ 4/
Ceverahvé pereent 41,69 ' - 38,45
Energy intensity,

weighted average, 000 Betu/ib 100 v 122

Sub-total or average:

Energy intensity for

9
tog st .
manufacturing Gniymf v 73

a/ Data from Table 1, sugmented by 49,000 Biuw/lb for formulative
packaging, and marketing.
b/ Excludes petroleum and sulfur.

¢/ Includes petroieum and sulfur.
d/ Does not specify petroleum or sulfur,

e/ Reflects data im Table 1 without additions.

Sources: Col. 1 from Tablel, augmented by 49,000 Btu/ib
Paul A. Andrilenas, Farmers? Uszse of Pes i
USDA, ERS, Afr. Econ. Report No. 252, ]
Paul A, Andrilénas and Thelma W. Anderson, Farsers! Uss
in 1976, USDA, ESCS, Ag. Ecom. Report no. 418, Dec.

"l
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both sets compatible, for all the numbers except marketing, which

is minor.. We will therefore maintain an established range of energy

cost of pesticide, from 100 to 120 thousand Btu per pound of purs content

Multiplying this with the consumption of pesticides, we get a figure in

excess of 70 trillion Btu's embodisd in pesticide supplies at the farm

gaten This comes to about 7 percent of the energy used for American

farmers® fertilizers which was close to 1 quad (1000 trillions) recently.-
The increase in weighted aveyage from 1966 to 1876 is worth noting,

in any event, How much, or how little, farmers' pesticides will draw

on our national energy Budg&ﬁ in the future will depend on any con-

tinuation or veversal of the trend indicated by the data for those

tWO years.
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" Agricultural Prices (Crop Reporting Board, SRS, USDA}, May 1977

and May 1980, give the index weight of this group as 1.6 and 1.4
percent, out of a total 58.4 and 57.9 percent for producticn
expenses, which raises the share of agricultursl chemicals among
production expenses to 2.7 and 2.4 perxcent, respectively. in June
1977 and June 1980. '

gfﬁlafk W. Bullard, Peter 5. Pemner and David A. Pilati, Net
energy analvsis: Handbook for cowbining process and input-output
analysis, University of Illineis azt Urbans-Champaign, Energy Research
Group, Center for Advanced Compuiation, CAC Document 214, Oct-
ober 18746. TFurther information in David Simpson and David Smith,
Direct energy use in U.S5. economy 1967. CAC Technical Memo No., 39;
and Energy flow through the United Btates economy {wall poster) by
v Ciérk Bullard, Bruce Hannon and Ewnert'ﬁﬁreﬂﬁ@ans Urbana 1975,
ji@zz Census of Manufactures, Industry statistics, Agricultural
Chemicals, ?8W~,;, Table 7B; and 1972 Census of Manﬁfa“thresﬁ
Special Reports, SR 6~16, Table 3 and Explana
4/C@eifi cients from EAH Table A3, p. 48: Coal 1.0092, Petrvoleum
refinery product 1.2227, Electricity -0683, Gas utilities 1.1166.
5/ oy o : X o i e s g
= 1977 Census of Manufactures, Industyy Series, ML 77-1-28G-4 (P},

Issued September 1979, Table 4, p. 7.

Agyicultural Statistics {(USDA), amnual data.

29?? Census of Manufactures (nete 5}, Table 1, p. 3.

8/ o a ‘o . wgs s

~ Donald R. McDowell, Direct and indivect energy analysis of Illinois
corn and soybean production, 1976, Unpublished M.S. thesis, University
of Illincis, 1979, p. 38,

§f£@~

tter from T.R. Eichers {USDA), December 1, 1980,

10/ e g
= Procedure, and some results, in Maurice B. CGreen and Archie McCulloch,

"Energy considerations in the use of herbicides®, Journal of the

Science of Food and Agriculture, 1976, 27, vp. 95-300; results Ffrom




11

21 individual pesticides in Maurice B. Green, "Energy in

agriculture", Chemistry and Imdustry. 7 August 1976, pp 641-646.

11/ A . . .
== green and McCulloch, op.cit., p. 97,

12/ en (, , .
mmmffav1d Pimentel, "Bnergy inputs for the production, formulation,
packaging and transportation of various pesticides", in Handbook

of Energy Utilization in Agriculture, ed. David Pimentel, CRC

Press, Inc., Boca Raton, Flovida, 1880, pp 45-48 (previously
circulrted in miwmeo form, 1877).

13 . . o ewmn e e ie N wr ees pa
”mjpﬁsthKdﬁ use by Illinois farmers 1876, IIEQ Document No 77/1
{Springfield}, pp 12, 1&.

14 : i . . e
-fFaike Dovring and Donald R, McDowell, Enerpy Used for Fertilizers,

I1linois Agricultural Bconomics Staff Paper, 50 E~102Z, February
1980, p. 14,



