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Energy Used for 

Folk.e Dov::ring and Donald R. McDowell 

Pestici a:re a sizeable item for lunerican 

farmers, Accoding to recent tural c:he:m:i.cals 

(other than to about 2~ percent 

production 

:ferti.lil 

;, this is one·· 

not far behind those 

Pesticides are high-ene:rgy goods, per 

high priced 

intensive dollar 

represent <;:nly a m:l.nor 

different pesticides 

production, ns will be ~H:ien 

on the energy lntensi ty of pest:ld.des 

to search for and analyze the facts 

for 

a:ce a.lso 

less ene:rgy 

Hence, farmers 1 us13 of pesticides 

However,, 

for their 

finding 

,. a.nd. it is worthwhile 

(~Rn be found, :in orde:r to 

illust'rate what levels, and. what ranges of variation, we have to :reckon 

with. 

The subject will bre pursued on two levels. One on 

aggregate statistics the United States: the ma.1n source is t.he 

Census of Manufactures, analyzed by help of existing input-output studies 
f h "I: • d (I'" P) 2 / :i oremost t.e .. Jnergy Analysis Han book .~r-..J.i; .--" am other pertinent 

statistics. The other 1eve1 drai.1.rs on process data - those on ind:i vi dual 

pesticides from a British inquiry and those on formulation and packaging 

developed in the United States.• of which further below. 

_l!~nufa.:£:.!!!I'i~ <la-;!!:_ The Census of Ma.nufa.ctures,. 1967", gives very 

few deta:Us on Industry 2879, 11Agricu1tura1 chemicals~ n,.e.c. 11 • Hence, 

the E.AH energy intensity coefficient fo:r industry (for 1967) is basei 

on residuals and will not be used here,. Instead we combine data from 

the 1972 and 197'7 censuses with relevant sources. 



T11e 1972 Ce·11sl1s data, on e11e:rgy, usecl 

1971 and will be combined with the industry output of 

billion pounds). mrta on fuels and electr:l.d:ty 

in this census are mostly in physical units (tons,, 

kwh) and are added up through a. cormnon key on 11ici 
3' of fuels/ A residual in dollars is also given a key 

always appear to cons ly. From these 

2879 to 

yea:r (l ,21 

Industry 2 

equivalents' 1 

not 

d.i:rect energy use 

in the industry under scrutiny eom.es to l3.6 trillion Btu. Adding the 

indirect (or,, 

industries, 

requirements of 

trillion Bt~J~ 

energy supplying 

Dividing the out-

put of the industry in 1971~ 1rn 16,500 Btu of active 

pesticide ingredient. 

Other energy (other than that used fo:r production of 

direct 

ingredients, 

t:icide :!:'"a.c.tories * of chemical 

al:;, and their 

gate a:re also 

costs of marketing. 

Purchase chemic~1l ing:redients (:intermediate goods) are specified 

for the first time (for Industry 28'79) in the 1977 

The total of materials purchased came to $1~22'7.2 million, of which only 

$679, 7 million were specified. Of the 

vH~re for chemical ingredient.s: $126, 6 million for formulating materials~ 

and $130. 2 million for packaging. Assmning unspecified portion to 

represent the same mix, we obtain a raised total of $764.2 

million as the total for purchased chemical materials in 1977. 

D. 'd. b ' 1 ~ . if\~·~ ,. 1- 1 "' 7 b...... d 61 · l vi ing y tne vo ume ot output 1n _t::1/1 ·' w111c,1 was . :> • .:> i.u1.on poun s, -

we find 5 7 .46 cents wo:rth of chemical ma:teria.ls per pmnid of pesticides 

. 197'7 "f 1 ' f' ;i:. "' ' " "" . 1n . . ,- . · o appi,y tne . 1nu1ngs o:r: ·t,ne ::mput-output stucnes 1967, 

we first divide through by the price index :for diemical products which 

is 292 for 1977 (1967=100) and obtain 19. 70 cents worth of chemical 

materials per pound of pesticide, in 196'7 materiats prices. ·To this 

we apply the 1967 energy intensity coefficient for all chemical 

industry (sector 30). which was 244,711 Btu 

output (Wall poster) 2/, and obtain 48,200 

per la.r's worth of 

as the estiJn.ate o.f en~e1:gy 
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used for chemi.cal ingredients 

Tht< same p:rocedurt; applied to the purchases of 

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

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

Packaging materials are analyzed the same way; 

ener,gy intensity coefficients for the Plastics, Glas 

board containers~ and Metal containers industries 

Paper-

2801, 3502~ 

2500i and 3901, EA""i), 

of pesticide active 

an estimate 7,400 Btu per pound 

Capital tures are harder to According to cb.ta 

from recent years (1972-· 
f')'' I 
,' l 

·' gross v11Jue of a.sets in Industry 

2879 has been 

this :i:nd.ustTy i as a 

goods~ is 

the same yes.rs 

value o:f 

years we are 

bound and i::J.s su:me 

shipment value .• o:r one-tenth 

of s) \talue of' 

tures in 

g:ross 

in the 

a value close to the lowex 

of annual 

asset value, tl1is to 

1967, we obtain an annual capital cost of mil To estimate 

embodied energy} we assume this to new constrw:::tion~ · 

non-residential(secto:r 1102, EAH) with an energy 

of 75 728 Btu lar~ s worth,' This leads to an estimate of 3 

Trillion 

capital. 

f:lS ann.u.al t.ise 

we find 2 ·' 600 Btu 

by 1" 14 

pound 

To calculate energy cost of 

the EAH and that the marketing 

of the retai 1 price. The 

transportation .• and on wholesale 

be 6,500 Btu per dollar's worth of 

1967 price of 80 cents 

pesticide active ingrediento 

through the use of 

(the 196 7 production), 

active in 

we use guidelines 

for pesticides is percent 

o+: this cost cm l:road and motor 

1 trade~ costs to 

5,200 Btu pound of 
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The above calculations can now be s1.unm1e1d: 

D!:rect ·energy (including the backwa.:rd~linka.ge~ ·or 
"energy cost of en.ergytt) ,,500 

Chemical :LngTedients 
Capital charge 

Sub-total: 

Fornrula.t 
Packaging 

Sub~ ..... t_otal: Fo1-:-nrula:tit)n a~n.d 

Doub 1 e, because o :f :::::over.age 

Marketing 

The total double tht: 

and packaging it 

production is done by wholesalers, 

chemical factories which manufacture the 

portion is not know with any precision and is 

time. A USDA source says that in 1971, 

percent of the formulation of farm herbicides 

it takes 

48~200 
2,600 

67,300 

14,400 
7~400 

1~800) 
43,600 

5,200 

for:mulati'ng 

this phase in 

ace in the 

The p-ro-· 

to change over 

did n 
48 }Je:rcent of the 

This may not include the quantities 
I 

and 

f is also says riothi11g of fumigants, etc. Assuming 

formulated in the b::1sic is a crude assumption but it as 

close as the information WJ_ all OVJ lJS "' 

The above :relates to 

in the United States. That is from o oinc th the pesticides 

that American farmers use. Exports vastly imports in American 

. pesticide trade~ and pesticides are used by many othf;:~:r people besides 

fa1·me:rs. The co:mmodi ty composition of farmers 1 use~ as we shall soon 

see, is as important :for ctrotal energy consu:mption in farm pesticides 

·. as any precision in the estimates. 



.B:r.Hish prQ~~~s .~· . Energy· input into pestid.des was studied 

several years ago by scientists working for Imperial Chemical 

Industries. 101 Energy input into several processes were studied 

separatelys backward-linkage energy was computed, as were also 

5 . 

several indirect energy costs; capital charges were consideTed insign­

ificiant. Fo:r 21 specified pesticides, data were given as sununarized 

in Table 1. 

The most striking feature is the wide dispersion of energy 

costs for individual products; from Toxapliene to Paraquat~ the 

range is almost as 1:8. Clearly, the commodity composition of a.ggregate 

consUmption (or production) will hav~. far reaching consequences for . 

over- all energy intensity. 

The British data are believed to be accurate with an error margin 

of plus or minus 15 percent. For comparison with U.S. data, additions 

need to be made for formulation~ packaging. and marketing. The British 

figures are for 100 percent activ.e ingredient, nnaked, E.! wo:r.'ks 1111/ ~ 
assuming energy for formulation to be insignificant. 

U.S. data on formulation and .Eack<:!-_8Jn_g. The British . assumption on 

formulating material does not appear to hold in the United States. 

Estimates put together by David Pimentel are much higher a.~d also 

somewhat more detailed121 • Distinguishing three classes of formulating 

agent, with consequent differences in packaging, gave the following 

estimates (pe:r pound of pesticide active ingredient): 

Miscible oil (30 percent formulation) 

Wettable powde:r (SO percent formulation) 

77, 100 Btu 

10~400 Btu 

Granules and dusts (5 percent formulation) 43,600 Btu 

Weighting these three or four categories (granules and dusts are 

·estimated to have the same requirements) is problematic. Trade literature 

shows that most if not all pesticides can be formulated in more than one 

way, and many of them are sometimes formulated in all availabl~ ways. 

Statistics on pesticide use are not explicit on these proportions. USDA 

survey data give the bulk (70 percent) to liquid formulations but are 

less precise on the distribution of these between miscible oils and 
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Table 1. Energy Used foT Specified ,, in ou.tes 
-------~-c _:~or12. ar~ tl]£_~_ai1d ._~tu E.~2!:..:eou.!!9.2._o:l~j!~.ire .~~!~Eit~Et ·,=-·-
Herbicides 

At·razin.e 

Chlora:mben 

Dica.mba. 

Dinoseb 

Diquat 

Diuron 

Glyphosate 

MCPA 

Paraquat 

Propachlo:r 

Propanil 

2,4-D 

G,J/ton 

190 

1'70 

295 

80 

270 

454 

4-60 

290 

220 

150 

85 

Btu/ton 

82 

73 

127 

34 

172 

116 

5 / ,,.,o 

198 

125 

95 

64 

37 

S8 

Source~ Maurice B. Gr1een, 11Euerg:y u1 

August 7, 1976, p. 642. 

Fungicides 

Capt an 

Ferbam 

Insecticides: 

Carharyl 

on 

Comn:orsion factors: 1 joule ~ . 0009477 Btu; 1 Btu -

Btu/J 

115 49 

99 

153 66 

195 

160 69 

!;:18 25 
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water based fo1'mtilations .!?/ . Illinois agricultural statlst:i.cs appear 

to indicate proportions between wettable powder, e Is, and 

granules of 51:41:7)3/ From such indications we may that 

weighted a.verag(eJ would be likely in the range of 40,,000 -45,000 Btlil 

per pound of pesticide a(;tive ingredient~ for fo:rmulation and 

materials. This comes close to the estimate given ahove, based on 

Census of Manufactures and inout-output data" In Pimentel 's data., 

packaging appears to come to one-fourth of the total formulatin; 

and packaging; in above based on Census of Manufactures, 

the same proportion is a th:h~d, The di is not large, given the 

many uncertainties in 

close enough so that the two sets estimates 

Evaluation. Based on the above~ Table 2 ties for 

individual inclu.ding for manufacturin 

(as in Table 

and marketing 

per pound of 

formulating, packaging 

data,. that 49,000 Btu 

ve have ad~1ed. to le 1. 

Table 2 further shows rat~;s of usage for those listed both 

in the British' data and in U.S. 

Despite the cushioning of a constant 

difforences between individual pesticides a:re still la1·ge, fro.m 

74 to 244. It easy to see that, over time> some of 

intensive ones 

absolutely 01' 

weight of a 

some ones 

1966 or Alachlor 19'76' 

The sub-·totaJ shown 

Table 1) a variation 

active ingredient. 

Census of Manufacti.u·es 

that also the Bri 

of U.S. chemical 

while low-intensive items have lost ground~ 

The coverage less ha.lf, and the 

how mucJ1. could changed if 

as DDT in 

(the Britis.h in) 

of 

with 6 7, 300 as , from 

close to reali 

c~st:l:mates, 
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Table 2. U.S. Farmers' Use of Specified Pesticides and Their Energy 
Intensity, 1966 and1976. 

Energy . / . . - a, 
::mtens1.'ty ~-

1966 % of 1976 % 

000 Btu/lb 000 lb. total 000 lb. total 
-~-----------------------------------------------------------------------
Herbicides; 
Atrazine 
Di:camba 
Diuron 
MCPA 
Propachlor 
Propanil 
Triflu:ralin 
2,4-D 
2,4$5-T 

Fungicides: 

Capt an 
Ferbar.u 
Maneb 

Insecticides: 

Carbaryl 
Ca:rbofuran 
Methyl parathion 
Toxaphene 

Totals 

Coverage, percent 
Energy intensity,, 

131 
176 
165 
105 
174 
144 
113 

86 
107 

98 
75 
Q'J .,.., 

115 
. 244 

118 
74 

weighted average~ 000 Btu/lb 

Sub-total or average: 

Energy intensity for 1 
manufacturing only'~! 

23f 52l 
222 

1,624 
1~669 
2,269 
2,589 
5$233 

40,144 
760 

6~869 
2,945 
4,443 

12, 392 

8,002 
34,605 

bl 35 7; n 4 i I .. ,_,, i, ',_-I 

sn2 ~-o..,t11 u ";) ,,,-· 

WO 

51 

6.66 90,300 
,06 3,600 
,46 900 
.47 
.64 11,000 
.73 6,900 

1.48 28,300 
lL '.58 ,400 

<)22 

l.94 
. s:~ 100 

1.26 mo 

3.51. ,9,300 
11,600 

2'n27 22,800 
9~80 30,700 

66~:~ 
41.69 

122 

73 

-~j Data from Table augmented by 49 ~ 000 Btu/lb fo:rmulative 
packaging~ and marketing, 

b/ Excludes petroleum and sulfur. 
c/ Includes petroleum and sulfur .. 
d/ Does not specify petroleum or sulfur. 
e/ Reflects data . Table .1 without additim1s. 

13.67 
.54 
.14 

1.67 
1.04 
4.28 
5.81 

.015 

.015 

1.41 
1. 76 
L76 
4.65 

38.45 

Sources: Col. 1 from Table1_, augmented by 000 Btu/lb. CoL 2 from 
Paul A. Andrilenas, FaTmers 1 Use of Pesticides in 1971-quantities, 
USDA~ ERSi • EcorL Report No. 252. Col. 4 Theodore R. Eiche-rs, 
Paul A. Andrilenas and Thelma W. , F<trmers 1 Use of Pesticides 
in 1976~ USDA, ESCS_, Ag. Econ. no. 4Ts;nec:"' 19·7f~--· ··---·-----
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both sets compatible, for ail the nu:mbers except marketingp which 

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

cost of pesticide~ from 100 to 120 thousand Btu per pound of pure content 

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

excess of 70 trillion Btu' s embodied in 1::iesticide suppl:i.t)S at the :farm 

gate, Th:i.s comes to about 7 percent of the energy used for American 

farmers' fertilizers which was close to l quad (1000 trillions) recently.-

The increase i.n weighted average from 1966 to 1976 is worth noting$ 

in any event. How much, or little. 

on our national energy budget in the future 

tinuation or rtffersal of th~' trend 

two years. 

' pesticides will draw 

1 depend on any con-

by the. for those 
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1/ 
~':&:ticultur~;LPr,!.££.! (Crop Reporting Board., SRS~ USDAL May 19T7 

and ~fay 1980, give the index weight o.f this grcrup as l ~ 6 and l ~ 4 

percent, out of a total 59,4 and 57,9 percent fo:r production 

expenses~ which raises the sha:re of agriculti.n·al ch~~micals among 

production ei..yenses to 2. 7 -and 2. 4 percent, respectively., in June 

1977 and ,June 1980. 

2/Clark W. Bullard, Peter S. Penner David A. Pilati, Net 

energy analysis: Handbook for combinh::g process input-output 

analysis, University of Illinois at ~ Energy Research 

Group, Center fo1· Advanced Computation, CAC Document 214, Oct-

ober 1976, Further information in Sim1Json and. David Smith. 

Direct energy use in U.S, economy 1967" CAC Technical Memo No, 39; 

and Ens:rgy flow through the United StRtes economy (wall poster) by 

Clark Bulla:rd% Bruce Ha:nnon and Robe-rt tknrendeen, U:rbana. 1975. 

Industry s Y 1972 Census of Manufactures.• 

Chemicals. 28G-23 7 Table '7B; and rnn Census of Manufactures, 

Special Reports~ SR 6-16$ Table 3 a;nd Ex:planato:ry, Text, p. SR 6-4. 

4/c ~f· ·· t f · E·/\¥J r·' 1 A- '" ~ - oe.:t ic1en s :rom ~nu ao.i.e A!J, p. 4ci: Loa.I 1.0092" Petroleum 

refinery product l.2227.,. Electricity 4.0683, Gas utilities 1.1.166. 

511977 Census Manufactures, Industry Series, rvlC 77-l·-28G·-4 (P), 

Issued September 1979, Table 4~ p. 7. 

6/hn::r•:t" ·•-1~t - l .,,t.,,+• ·•L·l~ ('I<::l'A' ~ 
.:.:~:.:.,,,~~ui ~~-.'.:?..~~~ t,,~.~~:J.L~J ·* :.inn.ua1 . 

. ?.! 1977 Census of Manufactures (note 5), Table 1, p. 3. 

8 /D l .l " ~. n • , n. , • • . --' ona u !'-· ,,'.!cuowe.t.1., .u1rec.t a.nu :u1a1rect ener&'Y anaJ.ysis of Illinois 

corn and soybean production, 1976, Unpub 

of Illinois, 1979. p. 38. 

9 /.. f' T f,l E • - '']"" '> -- Letter ·:rom .. ·"· .1.c11;;rrs ti ;:;DAJ. December 1 1980, 

101 
-'Procedure, and some results; in Maurice B, G:teen 

, University 

Archie McCulloch, 

nEne:rgy considerations in use of herbicides 1'; Journal· of the 
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21 individual pesticides in Maurice B. Green, 11Energy in 

agricultm~eu~ ~E.,J;..~llJ::, 7 August 1976~ pp 641-,646. 

11/ . 
-- Green and McCulloch, £E·~i!_., p. 97. 

--12/David Pimentel~ "Energy inputs for the production, formulation, 

packaging and transportation of various pesticides". in !;ta'!.db9ok 

9f_~i'2~!!....l:!!...11:.g._!i.£.~:!}t~· ed. David Pimentel, CRC 

P:re3s, Inc., Boca Raton, Florida$ 1.980, pp 45-48 (previously 

circulated in mimeo form, 19Tl). 

l:'/p t' 0 d i. ,.,1. . f 7 "71" IIl~Q D M 7'" 1 ~ - · es .1c1 e use oy .1..i.. 1no:1s .a4me-rs .xs ,1, . ~ ocument ,,o t 1 l 

(Springfield), pp 12, 18. 

1..Y Folke Dovring and Donald R. McDowell, En~];.fil:'"_]sed f·:2!...£.~.:!t:i.l!_~~E.• 
Hl:i,nois· Agricultural Econmnics Staff Paper,, E"·l02, February 

1980, p. 14. 


