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PORE.JORD

Etly) slcohol has long been an important basic ehewicel in the
ecopony of industrislized pations. It is & eolvent of great im-
portence. It is used as an intermediote row materiel for many other
chemical products and es sn ingredient or carrier for drugs,
pharmaceuticels, cosmetics, end perfumes. This is particularly true
in the USSR, vhere large quantities of synthetic rubber are mamifactured
ueing nleohol as & row material. %The purpose of this report is to
present & study of the more importont aspecis of the ethyl elcohol
industry in the USSR based on a technical study of the information
aveiloble. It sbould dbe remembered that the data availlsble are severely
limited both gualitetively and quantitatively and are rarely subject to
¢hecking or confirmation. Consegquently, it must be emphagized that .
estimates mode throughcut the report can be only tentative and are probebly
accurate within no less than plus or minus 15 to 20 percent.

Etlyl alcobol, normally proiuced by the fermentation of any organic
produch, is produced and consumed by every nation in the world in the
forms of wine, beers, snd all types of spiritucus liquors for commercial
or industrial uses and is easily recovered as puve alochol dy distillation.
For infustrial purposes, it is ususlly made from grains and is thorefore
sometires calied grein alcohol. With the greutly increased demand for
ethyl £lcohol for commercial uses, for examples, in solvenie and in rubber
momfacture, sthyl elcohol is synthetically produced in greatly in-
ereased peroentages from petroleum refinery geses and natural gases.

BEthyl alcohiol produced in the synthetiec process and for technical purposes
{8 called ethanol. The chemical campositions of ethyl alcohol and ethanol
are ldentical, and all typee of ethyl aleohol cen be used interchangesbly.
Tthyl slcobo) far spiritucus liquors and medicinals must be of high purity.

For commereial purposes, ethyl alcohol is denatured by the addition
of eny one of mony chemicals, so that the material is not potsble. The
poteble ethyl alcohol can be used for all purposes, but the "denatured"
can be used only for nonpotabie purposes. Ethyl alcohol, ethanol, grain
slcohol, wine spirits, ete., are sll chemicelly the same product In
this report, ethyl elechol means every type of slcohol with the formule

C HA0H.
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SECURTTY INFURM JITON

THE LTHIY ALGSCHOL INDUCTRY IN THEE USSR#

Summazy

Ethyl olechoi®#® is mapufactured in the USSR predominontly by She
fermentation of agricultural preducts, perticularly grain, sugar-beet
molecees, and potatoes. Smaller amounts are made by the fermentation
of sulfite-pulp waste liquor, by the hydrolysis of wood, and by %bhe
conversgion of ethylene gos fronm petroleum refiperies.

Soviet production of eihyl alcobol in 1952 is estimated at
approximptely 304 million galloms. In addition, about 12 mililion galions
were importad from Best Germany, giving & Gotal supply of 316 millinn
gedlous. Roughly 100 million gations of this supply vere earmerked as
row material for the produciion of synthetic rubber; and 75 million
gallons were destined to be consumed as beverages. “he remsinder was to
be utilized in the mrnufacture of explesives, solvents, end other
industrial cbemicels. ‘

L large volume of raw materlal is reguired in order to produce thia
quanitity of alcohol, the most importent being 1,880,000 tons of grain,
1,670,000 tons of potatoes, and 575,000 tops of sugar-beet molasses for
fermentation ethyl alcobed, ard 1,717,000 tons of nmoel. Iesser amounts
of wood, ethyleze from petroleum refining and natural gases, ard
sulfuric ecid are censumed for the manufacture of synthetic =thyl aleokel .

It is felt thet sufficient ethyl alcchol is evailable in the USSR
for peacetime requirements. In the event of e major war, the reduction
of beverage allctments, the reallocation for industrial uses, and the
utilizotion of state reserves should sstisfy needs until production

cepasity can be expanded.

¥ Yhip report contains informaticn avellable to CIx as of L Jammiary 1953
#% Bthyl eleobol, the alcobol with the formula CiHsoH, is the only aleohol
considered in this repert. The terms olcohsl, industrial sicohol, and grain
aleshol ell refer eniy to ethyl alcohol. ) _
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E. Introduction.
A. Fature and Usee.

Industrial alcchol, & torm geverally applicd to ethyl alechol
used for technicel and industrial purposes xether than as a beveregr,
otcupies an important place in the chemical economy of moet nations.
The standerd ¢ommercial product is a bighly purified liguid of 98- to

 98.-percent concantration {190 to 152 preof), the remsining fev psrcent
being pure weter. It is normal practice in the US to render industrial
alcobol nonpotable by the addition of guitabls chemicels called de-
naturants. Thus denatured, ethyl alcchel i@ not subject to the Federal
tax on beverage ethyl ealcohol.

In those ceses vhere the stendard dzpaturants would intarfere
with a particular provess, ome of & serias of special desoaturants
authorized by ¢ US Govermmsnt may be usad. Alcohbol algo is sold un-
demaitured end under btoad for thoss uses where no depaturant would de
guitebia, ;

Ferbape the bhest vay to illustrate the verious wses of indus-
trial alcobol is to presant tha US use pattern for a recent year (mce
Teble 1).# It mbould ba realised thet this pettern is not appiicadie
as such to any other country but is shown only for purposes of
illustration. '

The consumption pattarn of ethyl alcohowl in Burope, and par-
ticularly in the USSR, differs considerebly from tkat indicated in
Table 1. Ia the USSR a much Jarger proportion of ethyl algohol is
consuned in ths manulacture of butadiens synthetic rubber, and rela-
tively lese is used as a chemicel rav matarial.

From the US use vettern, ililustrated in Teble 1, 1% is appar-
ent that the two majox uses of industrial alsobol arw ss a sojvent and
82 a chemical rav materiel. Lose important uses are as a fus) in
automobile engines and rockets and as a liguid for brake fluids, cutting
011.9 lnd t-h& lik@c ’ )

B. Bistory of the Industry.

‘ Prior to World War I, Russian production of athyl alechol ,
amounted to sbout 135 miliion geilons per ysar. Ll/** Approximately 1,800
dietillsries are reportad to have heen in operaticn, 2/ employing as :
rav materials mainly potatoss {50 to T0 peresnt of the total materials),

¥ 7aole 1 follows on p- 3-

%# Pootnote referanres in arsbic numersls are to sources listed in
Appendix €.

nao

aniialnfalinleiin
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Teble 1
US Consumption of Specially Depatured Ethyl Alcohol
199 3f

Thousand Jallons of 9% Percent Alcchol .
lacquers, Vernishes, and Enamels 3,530
Flastice ' 3,200
Froprietary Solvents 18,650
‘Poilet Preparations 5,570
Nitrocellulose ‘ 4,000
Rosin and Synthstic Resins 1,140
Drugs &nd Pharmaceuticels 2,8h0
Rubbing Alcohol ' 2,400
 fflesning, Preserving, and Flavoring Preparations 1,420
Vinegar 3,970
Acatic Acld 3,2%
Bthyl Acstate 55330
Bthyl Chloride 10,170
{ither Ethyl Esters 2,7h0
Aldehydes 68,250
Ethyl Ether 1,000
Ethers, Olycols, etc. 1,900
Rthylens Dibromide (for TEL) 1,100
Synthetic Rubber 1,400
Dyes and Intermediates 760

Miscellanmous (JIncluding Brake Fluids, Fuels,
Cutting Oils, etc.) 7,300
Total M

grain {25 to 4O percent), and moissses {5 to 10 percent). b/ According
to officisl stetements, mbout 9% percent of this production vas uged in
the preparation of vodka. 5/ During 1528.29, production wes at the
iavel of only 46 million gallons per yaar. 6/ This low production may
bave bean due in part to the destruction of facilities during the war
and subssquent Pighting in the USSR and to reduced crop yields of the
rincipal raw matarials for etbyl alcoholy in, potetoes, and sugar
ets. By 1932, production had risen to 96.4 million gallons, 1/ or

shout 71 percent of the prewar level.

-3-»
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Preduction of ethyl alcohol during the ye=ars of tha Second
. Five Teer Plan (1933-37) is shown im Table 2.

Tablie 2

Production of Rthyl Aleobwl in ithe USSR
Second Five Yoer Plan (1933-37) 8/

Million Gallons
Yaor Production -
1933 ' 100
o3k 12h.8
1935 166.2
1936 188
937 209

Puring thic period, 19 alcohol plants are roaported to bave
gore into operation. Fourteen of these were distilleries with & tolal
capeeity of 3.9 million gallons per year. 7The remaining five were
wood-hydrolysis plants with 2 total capacity of @ million gallong per

S yuar. _9_/ (bvicusly, the great increase of production realized can-
not be sccounted for by a production incremse of 5.9 million gallons.
Although the ysagons for this increase are not definitely knovm, ra«
construction of damvged plante, greeter availlability of raw materials,
gnd increasingly efficient use of existing eguipment ware probably
the m»jor contributing factors.

Tha Third Five Year Plan (1938-42)enviceged a doubling of pro-
duction. This incresce was to take place through greater efficiency;
construction of sdditional cepecity; ~nd increased atillization of nce
food raw materials such os wood chips, sawduat, suifite waste liquo:;
and petroleun refining snd nstural grmeses. . The Plan statcd: "Ihe pro-
duction of sthyl slcohol 1s to be axpended considersbly by complete
utilization of sulfite waste liguore from paper &nd ceollulose plants
and by developusnt of wood hydrolysis ... . %he production ecapacity of

ethyl/ alcohol from wood is to be inersesed 9 to 10 times during the

iird Five Year Plan." The Flen went on to say thet "The amount of
alcohol obtmined from 1 ton of ctarch {carbohydrats material) will be
raised from 60.96 decaliters (161 gallons) to 62.8 decaliters (166
gellons) and that five new alcohol plents will atert operstions, end
expansion and reconstruction of the existing plents are planned.” 10/

- b -
SeBeC ~-R-E~T

I A e
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Tzble 3 shows the planned production, espacity, and, where
possible, the actual production for the period of the Third Five Year
Fian {1938-42).

Table 3
Planned Production, Capscity, and Actual Production
of Ethyl Alcohol in the USSR
Third Five Year Plan {1938-42)

Milliion Gallons

" Actusl Flannsd,

Jear Production - Production Capacity -
1938 243.8 11/ N.A. 313 {Actuzk] 16/
1939 ans %gj - NoA, Y Ao

1%0 23501 __3./ N"IAO “.e‘An

1941 N.A. 267.1 1b M.A e,
1042 N.A. no9 I W0l (Planmeda) AV

It is apparent from Teble 3 that the high hopes of the Third
Five Year Plen failed to materielize. The snnual rate of production
increase dropped sharply in 1939 from the averags of 2h.5 million gsl-
lons of the preceding 6 years, snd a decreass of 10 million gallons
from the preceding year was registered in 1940. Ths remsons for thie
decrzase ares not Xoown. %he likelihood of var with Germany, hovever,
wes recognized in the USSR, and possibly a food-stockpiling program
vas inatituted. Such a progrem, by teking grain and potatoes cut of
the normadl chanpela, could have seriously affectzd ethyl slcochol pro-
duction. The reduction in ethyl alcohol production besauses of such a
progran could have besn offset by reducing thes quantity sllocated to
vodka 3nd other beverages.

Gnly the planned production is known for the years 1941 and 1942,
It is obvious, however, that ethyl alcohol production must havs been .
geriously reduced during thase years and throughout the whole war period
a2 well because of both the logs of plants and the loss of sgricultural
production. Approximately 116 million gallons of alcohol were shipped
by the US to the USSR under the lend-Lease arrangement. 18/

With respect to ethyl alcohol production, the Pourth Five Yeer
Plan {1946-50) appears to have bern sn attempt to boost cutput to the
prevar level, in particular to the pilanned production for 19%1. The
plonned production in 1950 of 266.1 million gnllons was only slightly
under the planned output in 1941 of 267.2 million gmllons.

P
3-E-C-R=E-T
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The following statement is quoted from the Fourth Five Yeer
Plan: "68 new and 142 rehwbilitated alechol distilleries, plus ex-
pansion of the facilities of the distilleries now in opereation, will
increase the ocutput of the alcchol industry.” In eddition, the Plan
stated: “In 1950, the production of fethyl/ alcchol by hydrolysis
{of wood) shall be eight times greatsr than prewver. WFew plants with
« & capacity of T million decaliters (18.5 million gallons) ehall be
built for the sulfite-alecohol and hydrolysis industries ... ."
Since slcohol production by hydrolysis before the commencement of the
Third Five Year Plan was alveady about 2 miliion gollong, it iz ap-
perent thet the planned expansion of the hydrolysis induetry undsr the
Third Five Year Plan failed to msterielizs.

Algo cutlined in the Fourth Five TYear Plan were the production
goels for several of the Boviet republics. The planned production for
these arsas is given in Table 4.

Table &

Plenned Production of Ethyl Alcohol
in Certain Areas of the USSR

1950

fiilion Gmllons

Aves  Planned Production in 1950
RSFSR 158.0
Belorussian S8R 20.2
« Ugbek S5R 3.5
Lithuanian 83R 1.3
Latvian S9R L.5
Estonian 86R 1.6
Bubtotal 189.1
Other Areas 1.0
Total _ 266.1

S —a———at

¥or comparison with the planned production figures in 1959,
given in Tsble L, the plommed producticn figures for the sare Soviet
_republics announced in the 1SY1 State Plan exe given in Tabla 5.8

¥ Table 5 rollews on - T

- -6.
S-E-L-R-E-T
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Table 5

Flenned Production of Ethyl Alcohol
in Certain Areas of the USSR

1941
Million Gallons
Area _ Pianned Pmdnct-ioﬁ_in 19k1
RSFSR : 156.0

Belorussisn SSR 27.2
zbek SSR 1.7
Lithuanian SSR 1.3
iatvian SSR 3.5
Estonian S3R 1.6
Other Areas : 5.8
Total 2673

The similarities betveen the 1941 State Flan and the Pian for
1950 exe apparent. It appears safe to conclide, therefore, that very
iittle new capacity was added to the nonoccupied regions of the IISSR
during World War IX.

 Using thie conclusion as a basis, the 1986 production has been
estimated at 130 million gallons by eliminsting the output of those
arees gverrun by the Germans from the 1941 planned production.®* No fige
‘ures or psrcentages ere aveilable regarding tha 19%7 production. in
1946, sesording to the USSR Information Bulletin: "A severs drought
played havec with the crope in the soutbern and wesiern regions » which
include those that sre still in the process of rebabilitation after the
enormous damage inflicted by the German invasion and occupation ...
the total harvest of grain, suger beet and sunflower dropped substan-
tially below the 1945 lavel." 19/ ‘

A poor harvest of grain and sugar beets in 1946 could have
seriously affected the 1947 production of ethyl alcohol. Furthermore,
the faflure to report the 1947 production even percantagewise, &l-
though the production of the previous year and all subsequent years
was reported, suggests that production vas nrot substantielly ebove that
realized in 1946, PFor these reasons, it is sssumed that the 1947 pro-
duction is equal to that in 1946. Tbe production of the ysars from

¥ Thio celculation is explained in detail in Appendix B.
L 7 -
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19%8 to 1951 hes been reported by the Russians in terms of percantagss
of the previous year's production. Table 6 shows estimated ethyl
alcohol production in the USSR for the postwar years-

Table 6
Estimated Production of Ethyl Alechol in the USSR

1946-52

Miilion mlona

Yeax Production
1946 ' 130
e | 191 20
1949 239 fﬁl-,//
1950 254 55/
1951 . 282 23/
igse 30k a
*.Tha derivation of this figure is explained in

Appendix B.

Tha 1950 production (planned in 1946 under the Fourth Five
Yesr Plan) ves to have been 266.1 million gallons. This figure is
in reasonsbly close agreement with the estimated production shown

gbove and, assuming that the Plan vas realistic, indirecily con-
firms the 1946 and 1947 production figures.

I3. Technology-

Four basic processes for the production of ethyl alcohol are
presently employed in the USSR. Three of these procesges -- hydrol-
yais of wood, fermentation of sulfite waste liquor, and synthetic .
production fram ethylens -~ currently #ccount for only a minor portion
of total production. By far the most important process is the fer-
mentation of starch and sugar materials from orgenic products.

A. Fermentation of Sterch and Suger. 2h/

The principal rew materials employed in the USSR for the pro-
duction of fermentation slcchol &re geains, potatoes, and molasses.
Among the grains, corn is preferred because of its high sterch content
(49 to 54 percent), Scores of other materiels such a8 chicory,

- 8 -
-E-C -R-E-T
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Jerusslem artichokes, vetch, dried fruits, and kok-sagyz (alcohol is
& by-product from the production of natural rubber) may be used.
Production from such items, however, is rare and gererally uneconomic.

The production of ethyl alcohol using grain or potstoas dif-
fers from that using molasses in that sn additional step is required
to convert the starch content of the grain or potatoes to sugar.
After this conversion is accomplished, the processes are similar.

Clean grain or potatoss are subjected to & cocking treatment,
under & pressure of up to 5 atmospheres, in order to render the carbo-
hydrates soluble. The cooked mixture i1s cooled, end malt containing
an enzyme ie added which converts the starch to sugars. (The malt is
producad in separate "houses” by the controlled germination of barley,
vheat, millet, or cats.) The conversion of the sterch msy also be
sccomplished by the use of molds {the amylo procese} or by hydrolysis
with mineral acids such as hydrochlorie or suifuric. :

The resulting sugar solution, cr "wort," conteining 10~ to 15«
percent fermentable sugars, is then run to the fermentation tanks.
These tarks may vary in size up to 250 cubic meters. If molasses i8 - -
the rav material employed, it is diluted to a sugar concentrstion of
10 to 15 percent end charged directly to the fermentation tanks. From
bhere on,the processes for grain or potatoss and for molesses are
aimilar.

In the fermentation tanks the sugar solution is inoculated with
yeest to the extent of sbout 5 percent by weight. The yeast enzymes
convert ths sugars to ethyl elcohol end carben dioxide, the latter being
vented or recovered for other uses. The fermentation may run from 1
to 3 days, and the resulting "baer" bes an alcohol concentration of
6 to 9 percent. Since 192k, Soviet elcchol plants, in order to in-
cresss production, have cut the fermentation period to 1.5 to 2 days,
although it is known that a period of 3 days increases the alcohol

yield by approximately 2.5 percent.

_ he "veer" is passed to & distillation column from which 50-
to 60-percent sloohol 36 drawn. The residue, or "slop," from this operation
is generally concentrated and used as cettle feed, core binder in
foundries, or possibly 23 a raw material for vitamin production.

The ethyl alcohol is passed on to another distillation celumn
vbere low-boiling impurities are run off and then to the rectifying
column vhere the fusel oils and most of the water are removed. The
resulting product is a 95- to 96-percent concentration of ethyl slcchol,
Mention is mads in Soviet literature of "new distillation units which

-9 -
S-E~L-R-E-T
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provide for seperetion of fusel oils during the first distillation, ...
which ensble 90 to 96 percent [ethyl/ alechol to be cbtained dirsctly
eand continuously from 3 beer of 7 to 10 percant alcohol content."

Anhydrous alcchol {100-parcent ethyl alcohol) may be cbtsined
from the 95- to 96-percent produst by edding & third canponent, usually
benzene, and distilling the mixture. %The benzene and water are dia-
tilled off, leaving pure ethyl alcchol.

A pumber of process improvements are in use in the USSR. Thess
inprovemente ere continuous fermentation of molasses, closed and her-
metically sealed fermentetion tenks, and a rapid fermentation process
for mclasses. The extent of application of these advances is not known.

The efficiency of the fermentntion process in the USSR is be-
tween 85 and 90 percent of the theoreticel ylelddepending on the raw
material. One metric ton of potatoes will yield commercially about
29.5 gallons of slechol, and 1 ton of corn will yield sbout 87 gallons.
Molasses for ethyl alcohol is & by-ggoduct from the processing of
sugar beets and yields about 75 to gallons of slcohol per metric ton.
These yields are comparable to those obteined in the US.

B. Bydrolysis of Wood and Fermentation of Sulfite Waste Liguor.

The production of ethyl alcohol from wood by & new technology
is a subject of much discussion in the Five Year Plans of tho USSR.
As previously noted, the planned expansion of this field under the
Third Five Year Plan did not materialize. In accordsnce with the post-
wer plan, nev plants will be constructed having a capacity of 18.5 mil-
lion galions of etbyl alcohol based on wood. This capacity is reported
to be eight times the prewar production. It is apparent that wood 1s
not & large-scale source of industrial alcohel in the USSR. It is of
definite interest, however, as & field on vwhich heavy emphasis is being
placed and &s a nonfood miterial source of ethyl alechol.

 Although the two processes discussed in this section are not
gimilar, they are both referred to as hydrolysis procesees in Soviet
literature. Presumably the figures cited sbove apply to both methods,
but the breakdown between them is not known.

1. Bydrolysis of Wood.

_ The hydrolysis of wood in the form of chips, shavings, or
savdust 1s sccomplished by dilute sulfurie acid in successive steps to
yield the following: hemicellulose, csllulosa, and fermentabie sugers.
Phis is the Scholler proress developed in Germany.

8-E-C-R-E-T
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The "wort" from the hydrolysis contains about b-percent
fermentable sugars, and the "beer" resulting from the fermentation
contains sbout 2-percent ethyl alcohel by weight. Distillation and
rectification sre carried out in the usual manner. The yleld of
sthyl alcohol per metric ton of dry wood waste varies between kO to
55 gallons, depending on the amount of bark present. 25/

2. Fermentation of Sulfite Waste Liquor.

Sulfite waste liquor is the spent liquid from the manu-
fasture of sulfite wood pulp. Aside from lignine and residusl pulp
fivers, it also contains between 1.3 and 1.8 percent of fermsntable
sugars. The liquor is screened to remove the fibars, stripped of
gulfur dioxide, and then pumped into & series of fermentation tanks.
The resulting "beer" containing about l-percent alcohol by volume
is passed to a beer still and then to a rectifying column. The pro-
duet is stripped of both low- and high-boiling impurities and then
condensed to 95-percent ethyl alcchol. A yield of 1 gallon of alechol
per 170 gallons of sulfite waste liquor is generally obtained. 26/

€- Conversion of Ethylene from Petroleum Refineries or Natural Guea.,

Very little information has come out of the USSR concerning
the production of ethyl alechol from ethylene. The Third Five Year
Plan stated that production from petroleum gases would be mastered.
At lesst one plant has been reported as operating on the basis of ethylene
from petroleun gases. In addition, a Soviet textbock on the produc-
tion of alcchol, issued in 1950, stated: "Also of future importance
18 the preparation of alcohol by synthetic methods, i.e. from ethylene,
2 component of coke-oven gas, and from gases obteined in tbe cracking
of petroleum.”

The first and most widely applied method of prodmcing sicohol
from e¢thylene is the absorption of ethylepe in sulfuric acid to give
2 mixture of ethyl sulfates, which ere then hydrolyzed to crude ethyl
alcohol and dilute sulfuric ecid. The alcohol is purified by distil-
iation end the acid concentrated for re-use.

Recently a process of hydrating ethylene to ethyl aleohol di-
rectly with the aid of & catalyst and under high pressure (1,000
pounde per square inch) has been developed in the US. Whether this
mathod. 15 being used or will be used in the USSR is not known. Pre-
sumably the plant presently operating is using the sulfuric-ascid
process. 27/ '

- 1l) -
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IiI. Irput Requirements.

Before determining the input requirements for Soviet ethyl al-
cohol production, @& breakdown of the output by process first must be
established. Although very little information is available relating
to this subJect, it is possible to derive s rough astimate of this
breakdown. : :

In the introduction it wes notmd that the Fourth Five Jear Plan
ealled for an increase of capscity in the hydrolysis industry {in-
eluding sulfite liquor) of 18 million gallons. This increased ce-
pacity was reported to be eight times the prewar level of production.
Assuming tbat this Plan has heen completed, the production of ethyl
glcohol from wood should be about 21 million gallons per yeer, or
roughly T percent of the 1952 total production of ethyl alcohol.

The production of ethyl alcchol from ethylene is receiving et.
tenticn in the USSR, Present information, however, indicates that
only cne plant is actually producing alcchol by this process. This
plant, in Sunmgait, provides ethyl aleohol for the production of
synthstic rubber. 28/ Although the output of this plant is not known,
it is believed that the synthstic rubber plant menufactures about
12,000tons per year. 29/ Assuning that all alcahol required comes
from the ethylens plant, & production of synthetic athyl ®lcohol of
about 8.7 miilion gallons is indicated. Lacking information on other
posaible plants, it also is assumed that this quantity represents
total synthetic ocutput. This assumed output equals 3 percent of the
1952 production.

Postwar information is not available regarding the proportion of
ethyl alcohol produced from grain, potatoes, or molasses. The Third
Five Year Plan reported that, in 1937 37.4 percent of all ethyl alco-
hol wes produced from potatoss and molasses and that by 1942 this
figure would be 50.8 percent. In addition, a reported 15 percent of
production in 1940 wae from potatoes. 30/ Using the 1937 combined
figure, the raw meterial pwttern of the late 1930's would be as follows:
potatoes, 15 percent; molasses, 22 percent; and grain, 63 percent.

The 1942 combined figure of 50.8 percent has not been selected,
for rewasons which will be explained shortly. '

- 12 -
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Sines World War II the nonfood sources have becn developed to the
extent of asbout I0 percesnt of the total ravw materials. Assuming that
this seving of food materizle would be applind to grain, the postwar
percentage pattern of total alechol production derived from the totsl
rav miterisls would be as shown im Table T.

Table 7

Postwar Input Pattern for the Production
of Ethyl Alcahol in the USSR

Material Fereant of Output
Grain 53
Molusaes 22
Potatoes i5
Wood a/f T
Ethylene 3

Total 100

P———

®. Includes both hydrolyeis and swifibe-
vaste-liquor procegses.

The estimated 1951 production of sugar baets in the USSR ves
13,430,000 metric tons. 31/ A maximum of approximately 181,000 metric
tons of alcohol, or 21 percent of the 1951 production, could be pro-
duced from this emount of beets. Thic figure checks fairly closely
vith the estiwste given mbove. The 1042 combined Pigure of 50.8
peresnt for potatoes and molzsees would give & figure for production
from nolesses vhich is unrealistic compared with the sugar-best pro-
duction. The 1937 figure, therefore, was selocted.

With an approximate breskdovn of the production proccsses, it is
now possible to estimate the iagput of materizis for Soviet alcohol
production. Table 8% sumwarizes this informntion.

The Fifth Five Teor Plon (1951-55) envieagess an incresee in
production from moissses, potaxoes, wood, #nd ethylerz as follows:

“.0.T0o inereass production of ... sugar-beet root by 65 to 70
pereent... o

% Table O foilows on p- 1k,

S-E-C-R-E-T
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" .. To increase during the five years the production of po-
tatosa in the zones of the distilleries and atarch and molssses
factories roughly by 50 percent ... ."

"Po insure avery development of the ... hydrolysis industry ... o"

“I'o provide for an expsrsion in the production capacities of
ceo Bynthetie alcchol.”

W. Bupply.
A. Production.
The anmal production of ethyl slecohol in the USSR has been
presented piecemeal in & previous gsection of this report. Teble 9
 summarizes the production informetion snd also Includes estimates
for future cutput through 1955.
Toble 9

Production of Ethyl Alechol in the USER
1913, 1920-29, 1932-k0, 1946-55

Million Gallione

Yeur Production
1513 135.-
1928.29 k6.
1932 96.k

- 1933 100
1934 124.8
1935 166.2
1936 183
1037 209
1938 2u3.8
1939 245
1940 235.
196 130
1947 130
1948 ' 191
1949 z;z.
1950 gtk
1951 . 280
1952 &/ 304 -
1953 &/ 326 .

1954 a/ 348
1955 =/ 370

a. TBe derivetion of thess Figures is
explained in Appendix B.

Approved For Release 1999/09/02 ~CYA-RDP79-01093A000300100002-3
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B. Stockpiles.

No information is available regarding the stockpliing of
‘&lgohol in the UBSR. It is reasomable to believe ¢hat a cortain
amount has besn set in roserva, particularly in view of its uze
88 & rocket fuzl and as a rav material for synthstic pubber and
other esgentin) military produnts. If 1% is srbitrerily assupmed that
& stockpiling program started in 1950, the first year in which
production was above the prewar level, and that 5 percent of the
anmal domestic production wes withdrawn to state reserves, then
the amount in reserve would be as shown in Table 10. -

Table 10
Estimnted Stockpiles of Alcohol in the USSR
Million Gallons

Date Stﬁgileﬂ
-End of 19%0 13
End of 1051 27
End of 1952 he
End of 1953 48
End of 3954 75
End of 1955 o4

A reserve of 9% million gallons of alcohol would reguire
25 to 30 tanks of 80,000-barrel capacity, & typs used frequently
for patroleun storsge. :

C. Trade.

1. mortau

Bo information is presently availsble indicating that
alcohol has been or will be exported from the VWSSR.

2. Imports.

Fresent information showe o East Garmany to be ex-
porting ethyl alcchol to the USSR. In X and 1949, spproximately
2.6 million gallons per year were shipped as a form of reparetions. 2,-’

During 1950, 1951, and 1952, very littla evidence of
ethyl alcohol shipments as such cen be found. In#al} 3 years, however,
large quantities of paraldehyde-slcohol mixture vere shipped to the
- 16 -
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USSR for the production of synthetic rubber. The alcohol content
of this mixture varies from 50 to TO percent and can be recovarci. 33/
Shipments of ethyl alcohol in this fashion during these years were

a8 follows:
Shipments
Year {Million Gallons)
1950 .8 3
1951 6 35/
1952 12 { a) 36/

‘ Ro information on future shipmants of ethyl alcohol
from Eest Germany to the USSR is presently available. BStatements
of planned exports to all countries are avallsble, but it is re-
ported in these plans that large seguents of the total shipments
are earmarked for Western countries. 37/

- D. Total Supply.

The total supply of alcohol available to the Hugeisos in
1952 ves a8 follows:  production, 30k million gallons; imports,
12 miillion gallons; and total supply, 316 million gmllons.

‘In the pust, East Gexrmany has exported sizable quantities
of ethyl alcohol to Western countries and, &s indicated above, plans
to continue this policy. In view of this fact, it is believed
that ¢the Soviet supply of alcohol must be sufficient for presant
requirensnts. '

¥. Requirements.

Soviet requirements for ethyl alcchol bave basn calculatad
partly oa the basis of what would be needed to supply other sectors
of Soviet industry &nd psrily from the known US use pattern of in-

. dustrial alcchol. The employment of the use patiern was necessary
in the solvents and chemicels categories becsuse of the myriad

uses of alcohol in theee fields. In the cmse of rubber, beverages,
reserve, explosives, and ethyl chloride, reasonable estimates of
requiremente could be calculated. Teble 1L1% presents ths estimsted
requirements of alcohol during 1952. '

Saviet reauirements for ethyl elcohol would be altered, of course, in the
event of & gmneral war. The requirements for explosives probebly
would incresse several times. ¢ha utilization of alcohel &s &
rocket fuel, which at present is estimated to be negligible, would

¥ able 11 follows on p. 18.
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Table 11

Aleohol. Requivements of the USSR af
* 1952

Million Gallonas

Use Alcohol
State Reserve 15

Beveragess 75 38/
Synthatic Rubber 100
Explosives i
Ethyl Chloride 2
Solvents 41
Chemicals 58
Miscallaneous 12
Total 316

%, The method of arriving &t
these figures is explsined in Ap-
pandiv B,

consune substantial quantities. Chemicala, ethyl chioride, rubber,
and solvents also would show increased requirements. These sd-
ditional demends could be met by reducing the quantity of alcohol
allocated to beversge manufacture and by withdrswals from the state
reserve, al least untlil sufficient additional capacity could be
constructed.

The Fifth Five Year Plen provides "for an increase in the out-
put of ... synthetic rubber [by/ 82 percent.” Such @ program would.
require substantial edditional quantities of ethyl aleohel by
1955, but the plenned inerease wouid fell probably well within the
increese of 88 million gallons indiceted by Table 9.

VI. Capsbilities, Vulmersbilities, and Intentions.

A C&Ebilitiuo

The supply of ethyl alcohol in the USSR is considered suf-
ficlent for peacetime reguirements. With reduction in the allotment
to beversges, encugh alcohol should be available for essential war-
tine use until additicnal capacity is built. Sufficient rew me-
terials -~ nemsly, wood and ethylene for synthetie production --
ere available to provide for a considsrable increase in ethyl @lco-
hol ontput. Assuming the availebility of construction materisls

- 18 -
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and equipnent end ignoring the effects of wartime destruction, an
adequate supply of alecohol should be availsble in the USSR to
support: & major war.

B. VYulnerabilities.

The Sovist etbyl alcochol industry comprises a large number
of relatively suall plants scattered throughout the country. None
of these installstions eppears large znough to juatify asrial
attack. The industry is not depsndent on imports for any of its
input requirements and thus is not open to economic varfare. large-
scale destruction of crops -- namely, grain, suger beets, and po-
tatoes -- would, however, seriously reduce the availability of
natural rav materials and, consequently, would lower the output of
ethyl alcohol.

C. Intentiona.
It is not believed that any realisitic conclueions regarding

Soviet intentions cen be dravn from a study of the ethyl alcohol in-
dustry without additional information on ethyl alcchol reguirements.

.19 =
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APPEMDIX A

GAPS IN DNTELLIGEWCE

Ths following 1% & list of gups iz intelligsnos wiich, ££ £ill:d,
would greatly faprove the sccurasy and usefuinese of this repart.

2
2

3.
b,
%o

Bovizt postwar production of industrisl othyl wlcohel.

End-uge roqQuirem.ots {particularly the potantislly lerge
uee a8 rocket fusla).

Breakdoun of production by processes.

Stockpiles.

Production plans.

8-E-C H-E-T
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METHIDOLLGHY
f. Caleulatian of 1946 Production.

The 1941 plenned production of ethyl aicohol in the I'8SR by
regicns was ap Tollows:

Region : Million Gellons

Lithuanian SSR- ' 1.3
lstvian SSR 3.5
Estonian SSR 1.6
Belorussian SSR 7.2
Cantral Reglon REFER ‘ 76.7
Ukrainian SSR 'D.O
Moldavian SSR 0.9
Purkmsn SSR 0.1
‘Webek SSR 2.7
Kugakh S8R h.b
Transcaucasus 0.k
Regions of Far Bsst and East Siberis 6.7
ifrals and West Siberie 25.8
Southeast. Begions 179 §
¥orth and Nortinest R@giona - 8.7

Fotal 267.1

It vas assumed that the production of the following regions

wes 1lost becsuse of the German invasicon: JLithusnian SSR, iatvian
sm, Estonian SSR, Rolorussimn SSR, ono-third of the Centrel Region
of the REFSR, Ukrsinien SSR, end Moldevian SSR. The totel lost
production amounts to 130 million gelions.

Since the remainder, or 137 million gallons, was & plan figure,
it was rounded to 130 million galicons to arrive at & more coneervi-
tive estimate, end it ves assumed to be equal Yo the 1946 production.

I%. Estimetion of 1952-55 Production.

Insufticient postver data are availabdble on which to bass an
estirats of future production. An estinate may be made, howmver,
baeed on prevar procduction when it is recallsd that little capselty

- 23 -
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wea @dded during the war, that the years until 1950 were apsnt: 1in
reconstrustion, snd thet tha produetion goals for Ighl and 3950
were virtuslily identical.  In other vords, for the purpose of &n
estimate, thr production figures for the years from 1950 on have been
assumed to ¢ an extension of tha prawvar serics of production
flgures. The production for the years from 1932 to 1939 was plotted
and extrapolated. The anmusl production incyeascs indiesmted by
the extension of the figures were used to estimate 1952-3% produstion.

T1J. Methods Used in Eltmum Rigures in ‘fuble 8.
A. Grein Input.

& recent Soviet textbock (Technol of Alechol Production, by
D.B. Xiimovekii and V.H, Stabaikov, Hogcow, 15507 states Chst corn
hes an sverage sterch content of 52.2 percent and that 1 ton of
starch ¥ields spproximetely 62 decaliters of adcobol.

B. Potutore loput

Ths Rubber Geonomy of the Soviet Union, Wirtschaftsgruppe
Chemische Industric, states thet, eccording to the Soviet press,. 1P
metric tons of potatoes are required to produce ) metriec ton of
alcohol.,

<o !@urle;z iopus

_ ) of Alcohol Production, by A.A. Puks, Moscow, 1953,
states that the requirement of grain (gensrally beriey) for malt ie
8 percent of the weight of corn (vhen corn is the rav metsrial for
aleohol production) and 2.5 percant of the weight of potatoss (when -
potatons ars the rav material).

L. Holasses Input.

A.A. Puks states that 100 kilogrems of beoet molasses yleld
sbout 28 to 30 liters of alccholt.

E. Bulfite Weete Liguor Enm:t._,

Fo Soviet information was available on the yield of alcchol
from aulfite liQquor. Industriel Chemicals, by Faith, Keyss, snd
Glark, however, states that 139,000 galions of iiquor yield 1,000
gllores of 95-percent wlcobol.

-P2 -
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Faith, Keyes, @nd Clark state that 39,000 pounds of wood
vaste yield 1,000 gallons of 95-percent alecohol.

G !glem I%to

Faith, Ksyes, and Clark give a yield of 1,000 gallons of
95-percent alcohol from k,000 gallons of cthylems. '

B, Coml In&ta

Zhe Rubber Econoay of the Soviet iinion statss that, secoruing
to th: Soviet press, ccal consumpticn is &8 Pollows: grmin, 2
mevric tons per ton of alcchol; potatocs, 2.5 moiric tone par ton
of allcohol; sad molmsses, 1 metric ton per ton of aleohol.

No Soviet information wes available concerning the consumption
of conl by the hyiroiysis of sulfite-waste procesees. Faith, Kesy=s,
and Clark mentioned that the hydrolysis procecss reguires 125,000
pounds of steam per 1,000 gallons of 95-percent wleohol and that the
sulfite-liquor process requires 150,000 pounde of steem per 1,000
gallons. Assuming that the aversge energy content of Soviet bitum-
inous toal is 6,500 kilocalories per kilogran,? these figures cen
be converted to 7.8 metric tons of coml per 1,000 gallons of alcohol
and 9.2 msiric tons per 1,000 gallone of alcohol, respectively.

I, Sulfuric Acid Input.
Nepre brozhe ri pererabotke sveklosakharno tolki
na epirt agon%nuom ﬁmn%a%lon during Conversion of
Helasies to Alcohol), by F.S. Gladkii, Moscow, 1949, gives s sulfuric

acid consumption for the molassas process of KOO kilogrems per 1,000
decaliters of alcohol.

Faith, Keyes, and Clark give sulfuric acid consumption per
1,000 gallons of 9%5-percent alcohol =a 2,300 pounds for hydrolysis,
150 pounds for sulfite vamsie liquor, and 500 pounds for ethylens.

¥R, DN, WS,
-23 -
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J. labor Input.
- An estimete of the production of alcohol per man-hour vas

made for four plantes on vhich suiteble information wea aveilable.
The resuits were as follows:

Daily No. ’ot' @allons per
Plant Q@allcns} Horkers ’ Maan-Jour
Dokehukino %0 15,800 kYo 5.3
Pergone bl 16,%0 h50 4.6
Blagoveshchensk 42/ 9,900 212 5.8
Khabarovek b3/ 7,100 70 3.3
Average Average m

For lack of other information, the average of 4.75 gallons
per man-howr wa8 applied ecross the board o all processes.

L7, Estimetion of thé Alcohal Reguirements. -
A. Synthetic Rubber.

Bsoed on & CIA estimate for 1952 Soviet butsdiens synthetic
. rubber production of 140,000 to 145,000 metric tons. This cutput
would regquire 100 million gallons of alcechol.

B. ngloq ives-

Baged on & CIA sstimate of current Sovist ammunition pro-
duction as follows: ertillery mmmnition, 12 miliion rounds; mortar
smunition, 3 million rounds; rocket ammunition, 300,000 rounds;
snall arme amsunition, 500 million rounds; mines, k75,000 pieces;
and grenades, 2.3 willion piesces.

This output of emmunition would require 47,000 tons of
smokeless povder propellent, and the manufacture of the propellent
would =onsuwne 21,000 tons, or 7 million gallons, of aleohold.

C. Ethyl Chloride,
Based on & CIA cotimute for 1952 tetresthyl lmed (TEL) pro
dueticn of 8,300 tons. Two million gallons of alvchol would be ree

quired %o produce this amoust of TEL. _ o

- 2h .
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D. Solmnt@, Chemiceds, snd Miscallansous.

-Aftar allosating alcohol for rubber, ragerva, bevereges,
»xplosives, and cthyl chloride, the resainder was spporiionsd
using the US use pattern as a basis. For 1649 this pattern was
spproximately 30 percent to solvents, 60 percent to chemicals,
and 10 percent to miscelianecus. A substantial part of the o
alcohol used for chemicals, however, went to the mmfmtuga;r
asetaldahyte. It i8 not folt that the Russians vould use p ﬁ
Quantities ¢f alechol for this purpoes. The pmtmrn,_ thare ou,
wne adjusted to 50 percent to chemicais, 40 percent to solvente,
apd 10 percent to miecellmneous.

- @5 -
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SOUKCRS AND EVALVATION C¥f SOURCES

1- gmmt'lon of Sources.

6f the various sources used in the prepavation of this repc. -
a fow ware ussd consietently. The Rubber Economy of thy Soviet
Union, prepared by the Wirtschaltsgruppe & pche industria,

cult to evaluste. Published Soviet sources, fros vhich &
great deal of the information containcd in this report wie b=
tained, are subject to certain limitstions. Tuformation which
vzs ghthered from Germsn technical exparte who visited thre (HSR
in the early 1930's ia brliaved to be relisble.

(3358

The rest of the eowces &I dspendent on Flun and Bizn ful-
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