- i MM T, PSR a0
.- | I : e . _ ] . B AP-42 Section 9.)3.2

I Note: This is a reference cited in AP 42, Comi/ation of Air Pollutant Emission Factors, Volume I Stationary | Rcfer:tn;e " 5
Bl Point and Area Sources. APA42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/ . ;elfno ect- —_—
- ererence

ll The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
dl from a previous version of the section and no longer cited. The primary source should always be checked.

B e

b

COFFEE

Volume 2;: TECHNOLOGY

.Legal Aspects

Edited by

R. J. CLARKE
Formerly of General Foods Ltd, Banbury, UK

and

R. MACRAE

Department of Food Science, University of Reading, UK

A 2 I T IR T P T 1 R S TR

ELSEVIER APPLIED SCIENCE
LONDON and NEW YORK



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



ELSEVIER APPLIED SCIENCE PUBLISHERS LTD b
Crown House, Linton Road, Barking, Essex 1G11 8JU, England 1

Sole Distributor in the USA and Canada

ELSEVIER SCIENCE PUBLISHING CO., INC.
52 Vanderbilt Avenue, New York, NY 10017, USA

WITH 42 TABLES AND 81 ILLUSTRATIONS

B ©ELSEVIER APPLIED SCIENCE PUBLISHERS LTD 1987 i P r

British Library Cataloguing in Publication Data

Coffes.
o Vol. 2: Technology
i 1. Coffee
| I. Clarke, R. J. 1. Macrae, R.
- | 641.3'373 TX415

ISBN 1-85166-034-8

‘ The present volume, Volume 2 in

Library of Congress CIP data applied for ‘ processing and follows on natural

§ : of coffee, which described its nu
| _ '. and various product forms.

| \ We have already remarked that

A : ity, and this complexity of und

consider its processing; that is, the

of green coffee and its subsequer

especially through extraction and -

The selection and presentation of material and the opinions expressed are the sole brewmg of rqasted and ground

responsibility of the author(s) concerned ; possesses considerable mystique a

‘ The choice of green coffees from

types available, through species/v:

e 1 R A e+

Special regulations for readers in the USA of .
This publication has been registered with the Copyright Clearance Center Inc. (CCC), processing from the coffee ch
Salem, Massachusetts. Information can be obtained from the CCC about conditions understanding and guidance. Furth
under which photocopies of parts of this publication may be made in the USA. All other of green coffee before roasting a
N copyright questions, including photocopying outside of the USA, should be referred to i known, but others such as decaff.

the publisher. . . X
; or instant coffee with little or ;

All rights reserved. No part of this publication may be reproduced, stored in a retrieval § established. Finally, both the proce
system, or transmitted in any form or by any means, electronic, mechanical, photocopying, ¥ leavin ; .
recording, or otherwise, without the prior written permission of the publisher. § t 8 a range of different waste F.
etc.), and of roasted coffee after !

Spent coffee grounds, provide waste
Ctommercial value in different way:

PSS B

Printed in Great Britain by Galliard (Printers) Ltd, Great Yarmouth




445,
1, W., Proc. 10th Coll,

1l, London, 1956.
also BS 5752, Part 4,
also BS 5752, Part 7,

afé Cacao Thé, 1963,

300.

., Ed. G. Charalamb-

2, 271-8,
' Coll. ASIC, 1980,

2, pp- 21-59.

’6, with amendments

Chapter 3

Decaffeination of Coffee

S. N. KATZ

General Foods Manufacturing Corporatian,
Hoboken, New Jersey, UUSA

1. INTRODUCTION

Many of the physiological effects of coffee beverages are due to their
caffeine content. The two major species of coffee, arabica and robusta,
contain approximately 1 and 2% caffeine respectively. This corresponds
to a cup of regular coffee containing on the average 85mg of caffeine
with a range of 50 to 150 mg based on preparation, blend and cup size.
A cup of instant coffce contains approximately half that of regular coffee
with a reported range of 40 to 110mg. To minimise the physiological
effects and still obtain the desirable attributes of a coffee beverage, many
procedures for caffeine removal have been proposed.

The process of removing caffeine from coffee was invented? by Dr
Ludwig Roselius and Dr Karl Wimmer of the Kaffee-Handels-Aktien-
Gesellschaft in Bremen, Germany. This invention is described in the
German patent letter, DRP Deutsches Reich Patentschrift, dated from
1905. A commercial decaffeination process was implemented by the above
company and they marketed a ‘caffeine-free’ coffee under the name of
Kaffee Hag. ‘ ’ -

Around 1912, Roselius extended his business to the United States, and
a coffee extraction plant was built at New Brunswick, New Jersey. During
the First World War the American Kaffee Hag business was expropriated
by the American government and the ownership of the company passed
over to one Mr Gund, who moved the factory to Cleveland, Ohio. Mr
Gund later sold his business to the Kellogg Company and the activities
59
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Mﬂhﬂ mmﬁwﬂﬂ.ina transferred to a ‘million dollar plant’ at Battle

After the armistice, Roselius returned to the United States and started
a new company, the Sanka Coffee Corporation. At first this company
imported decaffeinated green coffee from Germany and roasted it in New
York. Around 1927 Roselius made a deal with General Foods Corporation
A,_,r.n Postum Company} to conduct the Sanka business on a partnership
basis. General Foods financed and equipped the Sanka factory in
Brooklyn, New York. In 1932 Roselius sold his interest in the Sanka
Coflee Corporation to General Foods Corporation, and General Foods
became sole owner.

In .Unon:,&n_. of 1937, General Foods Corporation glrchased the
>En.:om: Kaffee Hag Company from the Kellogg Company, thereby
gaining complete control of decaffeinated coffee in the United States and
.Om:mam at that time. About 1955 the Nestlé Corporation and others
introduced decaffeinated coffee in the United States. In the 1970s General
Foods Corporation bought the Kaffee Hag Company in Germany from
the heirs of the aforementioned Dr Roselius.

Commercial decaffeination of coffee has mostly been performed on
green coffee beans prior to roasting in order to minimise flavour and
aroma problems. The desirable organoleptic properties of the beverage
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Fig. 1. Consumption of non-decaffeinated and decaffeinated coffee in the
USA.
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are developed after roasting. Allowing the decaffeination process to be
performed on the green bean minimises aroma and flavour changes and
losses. In addition, the two most common techniques are either based on
solvent decaffeination or water decaffeination. Patent literature, however,
also cites caffeine removal from roasted coffee extract.>*

With the increased emphasis on health and health products and the
known physiological effects of caffeine in coffee, more people are switching
to beverages with less or no caffeine. As shown in Fig. 1 depicting the
per capita consumption of coffée in the USA (approximately 50% of all
coffee consumed), the number of cups of undecaffeinated coffee has been
on a steady decline since 1970.5 However, the per capita consumption of
decaffeinated coffee has increased 153% in 12 years. The ratio of
undecaffeinated to decaffeinated cups per person has dropped in this
period from 16:1 to 4:1. With this continuous strong trend, the drive for
the production of high-quality decaffeinated coffees produced in an
economical and safe environment is stronger than ever.

2. SOLVENT DECAFFEINATION

Decaffeination of green coffee beans is still the preferred methodology
used by most commercial coffee companies. The most direct approach to
accomplish this is to contact pre-wetted green coffee with an appropriate
solvent in conventional equipment in either a batch or continuous mode.
Many solvents have been suggested for use in decaffeination of coffee
beans or water extracts. Some of the criteria for the choice of solvent

include the foliowing:

(1) safety,

(2) cost of solvent,

(3) caffeine solubility,

(4) caffeine specificity,

(5) ease of solvent removal and recovery,
(6) toxicity and chemical reactivity,

(7) environmental effects.

Originally, benzene was used as the extraction solvent, but when
trichloroethylene became available at reasonable prices, benzene was
replaced by this non-flammable and less toxic solvent. As other chiorinated
solvents were made available on a commercial basis, many coffee
manufacturers switched to methylene chloride {dichloromethane), which
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has a higher caffeine solubility and a lower boiling point, allowing easier
removal from the beans. Trichloroethylene has been under investigation
by the US Food and Drugs Administration since 1976, and the only
chlorinated solvent used either directly or indirectly is methylene chloride.

Table 1 lists most of the solvents that have been mentioned in US
patents. Other than methylene chloride, the only known commercial
solvents used are ethyl acetate,® coffee oil or other triglycerides,” and
supercriticai carbon dioxide.® The last of these will be discussed separately
due to its unique processing requirements.

The basic principles of solvent removal of caffeine from green coffee
are similar for any of the commercial solvents. The processes differ mainly
in the methods of caffeine removal from the solvent and tfe methods of
regenerating and recycling the solvent. If a volatile solvent is used, simple
evaporation, usually in multi-effect or other low utility requirement
evaporators, results in a clean solvent for recycling, leaving a caffeine-
rich sludge to be refined. If a high-boiling solvent is used, either a water
wash in a countercurrent liquid—liquid extractor or a high-vacuum
sublimator is required, both to regenerate the relatively expensive solvent
and to recover the valuable caffeine. Unlike most solvent extraction or
degreasing operations the decaffeination of coffee beans requires the
addition of significant quantities of water. A minimum water content of
approximately 20% is required to be able to soivent-decaffeinate, and as
much as 55% or saturation is used. Below 20% only limited decaffeination
can occur no matter how much solvent is used.® Explanations for this

Table 1
Selection of solvents mentioned in United States patents

Acetic ether Ethylene chloride
Alcohols Fatty acids
Aliphatic hydrocarbons Isopropylchloride
Benzene Ketones
Carbon dioxide Methyiene chloride

{liquid and supercritical) Mineral acids
Carbon tetrachloride Mixed halogenated hydrocarbons
Chloroform Paraffin oils
Coffee oil Sulphur hexafluoride
Dichlorobenzens Tetrachloroethylene
Dichlorobenzol Toluene
Bichioroethylene Trichloroethylene
Dimethy!sulphoxide Various fluorinated hydrocarbons
Esters (e.g. ethyl acetate) Vegetable cils
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phenomenon include softening and opening of the 8:.:::. structure to
allow the caffeine to diffuse out of the bean. A more likely oxﬁ_m.nm:o.:
involves the ability of caffeine to bond to the plentiful nr_o_..omo:_o mma
and its potassium salt, potassium chlorogenate, a complex ion-salt-like
material that is essentially insoluble in the non-polar solvents commonly
used.!® Exceptions to this rule are aprotic solvents, but other problems
lude their use.!’ . .
EM\M typical solvent extraction process is shown in Fig. 2. In this semi-
continuous process, {resh green coffee beans are mﬂnwana for half an hour,
resulting in a moisture content of 16 to 18% w/w 5.:.5 first no_.:Ez of
a battery of columns. This is followed by a pre-wetting step to increase
the coffee bean moisture to above 40% by weight. The wetted coffee
beans are then countercurrently extracted by a solvent m.ﬂ temperatures
between 50 and 120°C (120-250°F). The column from which most of the
caffeine has been removed (95-98% decaffeinated) is isolated, mo_<o_.:-
drained and then steam-stripped to remove all residual mo_ﬁu:.r Uonm.m.n_:-
ated green beans are then discharged from the celumn and _EBnm.._mSG
dried before storage. Caffeine-rich solvent exiting from the fresh side of

Methylene
Green chioride Separator
Storege| bean returned from Condenser
bin f blend refinery > Water
Steam Extractors
LI _ _ h _ & _ u’ ._‘
||_ Methylene
chioride
riyly 7
Water Steam Wet beans

Surge| ppethylene
tank | chlgride

+caffeine
to refinery

Cooler

Dry
decaffeinated beans

Fig. 2. Solvent decaffeination.
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the column battery is then treated as discussed previously for caffeine
recovery and solvent regeneration. Care must be taken to ensure that the
solvent is saturated with water prior to recycling, in order not to dehydrate
the pre-wetted coffee beans,

Typical operating conditions as stated in US Patent 3,671,263 are as

follows:!?

30 min at 230°F
150°F to 42% water by weight

Methylene chloride at 150°F for 10h; 41b
methylene chloride per pound of green coffee
beans
Steam stripping 1-5h

Steaming
Pre-wetting
Caffeine ¢xtraction

-

3. WATER DECAFFEINATION

A different approach to decaffeination of coffee beans was invented in
1941 by Berry and Waiters of the General Foods Corporation.!? This
invention is based on using water to remove the caffeine from the bean.
To prevent the extraction of all the water-soluble components of coffee
beans, in excess of 20% by weight, the extraction water contains essentially
equilibrium quantities of the non-caffeine soluble solids but no or
very little caffeine. Claimed advantages include higher extraction rates,
elimination of water-insoluble waxes extracted by the solvent, purer
caffeine in a caffeine recovery system, and less heat treatment of coffee

beans by the elimination of the solvent-stripping step since there is no |

contact between solven! and beans. An additional simplification in
processing is the removal of the pre-steaming and pre-wetting steps,
because all the water required to free the caffeine within the bean is
supplied by the water extract. A flow sheet of the water decaffeination
process is shown in Fig. 3. As in many coffee processing operations, use
is made of a battery of columns in which green coffec beans are
countercurrently extracted by a water extract containing about 15% solids
other than caffeine. Water is absorbed preferentially by the dry beans
during their residence in the extractors, and the solids concentration may
increase to as high as 30%. Bean residence of approximately 8h is
required to remove about 98% of the original caffeine. Decaffeinated wet
beans have about 53% by weight of moisture, and adhering solubles are
washed with fresh water to minimise drying problems as well as to recover

- J.M’
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Fig. 3. Water decaffeination.

solids. This wash water is added to the caffeine-free water extract to bring
the solids concentration back to the starting level of about 15%. Finally,
the washed decaffeinated green beans are air-dried to be sold as a source
of decaffeinated beans or processed in a conventional manner to produce
decaffeinated regular roasted coffee or decaffeinated instant coffee.

The extract, rich in caffeine (about 0:5% by weight), must be recycled
after caffeine is removed in order to maintain the solids balance with
other soluble solids contained in the green coffee beans. Caffeine is usually
removed preferentially by contact with a specific solvent, but some newer
patents have indicated improved developments in the use of solid
adsorbents that have been suggested for at least SO years. Cafleine-rich
extract, after centrifuging to remove suspended solids such as coffee chaff,
is contacted with an immiscible solvent such as methylene chloride to
remove caffeine selectively. Any other solids extracted by the solvent are
usually lost in the caffeine refining system. Various liquid-liquid contactors
{extractors) have been tried, the most effective being a rotary disc
contactor'* to reduce the caffeine content of the green coffee extract to
below 0-05% caffeine by weight. Countercurrent contact is performed by
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allowing the caffeine-rich extract to rise through the dense methylene
chloride continuous phase at temperatures around 80°C (I80°F) to
take advantage of higher caffeine distribution coefficients and reduced
emulsification problems at elevated temperatures. Extraction efficiency is
controlled by the effect of the rotary disc speed on droplet size up to the
point of column flooding. A solvent-to-extract ratio of about 4 to 8 is
required to remove 99% + of the caffeine from the extract. After solvent
contact, the lean green coffee extract has dispersed and dissolved solvent
in it that must be removed before it is allowed to contact coffee beans.
Solvent removal is performed in a distillation column with feed to the
top tray and reboiling and direct steam injection at the bottom to ensure
complete solvent removal. Overs from the distillation column are at the
azeotropic composition of the solvent, 98-5% by weight for methylene
chloride, unless excess steam is used. Solvent, rich in caffeine exiting from
the liquid-liquid column, is recovered by evaporation. Caffeine refining
is discussed elsewhere. It is extremely important that all waste streams be
very low in solvent content to meet environmental and legal requirements.

The use of adsorbent to remove caffeine in the past has not been
economically useful as it has altered the quality of the final coffee
detrimentally. A more recent claim overcoming these problems has been
published in the European Patent Office by Coffex AG. This process
utilises activated carbon that is preloaded with other coffee extract
substances or with substitute substances of similar molecular structure or
size, especially with carbohydrates, e.g. cane sugar, in order that the
charcoal will take up as few extracted substances as possible. It is claimed
for this procedure that, apart from caffeine, practically no other coffee
components are removed from the green coffee. Decaffeination of the
beans can be carried out either by total soluble solids extraction,
decaffeination and reinfusion into the bean or by the use of the green
extract procedure described abové for a solvent system.

4. SUPERCRITICAL CARBON DIOXIDE
DECAFFEINATION

The use of the solvent supercritical carbon dioxide for decaffeination of
coffee, commercialised by HAG-GF in Germany, is based on the 1970
patent of Studiengesel!schaft Kohle of Mulheim, Germany. Its use for
decafleination of green coffee beans is very similar to that of other
solvents, with the major advantage of the use of an inert gas compressed
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Fig. 4. Carbon dioxide decaffeination process, schematic.

to pressures high enough to increase caffeine solubility sufficiently for use
in a closed cycle, as shown in Fig. 4. The major disadvantage is also due
to the high pressures requiring costly equipment and batch processing.
Bean preparation is basically the same as for other solvents, i.e. mechanical
cleaning to remove dust and chaff followed by steaming and wetting to
increase the moisture to a 30-50% range. The decaffeination process
consists of loading the pre-moistened beans into the extractor vessel and
at the same time solid adsorbent is loaded into the adsorption vessel.
Sufficient carbon dioxide is loaded into the vessels and the circulation
pump is started. The heat exchanger is used to increase temperature,
thereby also increasing the pressure to the desired extraction level. As the
carbon dioxide flows through the vessels, caffeine is extracted from the
moist beans, and caffeine-rich carbon dioxide is recycled to the adsorber
where caffeine is adsorbed on to the activated carbon. The caffeine-free
carbon dioxide then starts a new cycle via the heat exchanger to the
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extractor. Processing conditions are selected to minimise the extraction
time to increase plant capacity and to improve process economics. The
average concentration of caffeine in the carbon dioxide is low, requiring
large quantities of carbon dioxide to be circulated. Therefore for energy
conservation, equipment design is based on minimising pressure drop. At
the conclusion of decaffeination the carbon dioxide is unloaded to a
holding vessel and both the coffee beans and the adsorbent are unloaded
from their respective vessels. The moist decaffeinated beans are then dried
to approximately 10% water via a vacuum or hot-air drier. Further
processing is the same as for any coffee bean. The supercritical carbon
dioxide patent proposes use of moist carbon dioxide between 40°C and
80°C and pressures between 120 and 180 bars. It suggests caffeine removal
from the carbon dioxide by lowering the temperature and or pressure to
precipttate the caffeine due to lower solubility or to aid adsorption.
Product quality is claimed to be improved because of the chemical stability
and inertness of carbon dioxide preventing any reactions with the coffee
constituents. In addition, supercritical carbon dioxide has a very high
selectivity for cafleine, avoiding losses of non-caffeine solids. Product
quality is claimed to be comparable to a regular undecaffeinated coffee
due to the avoidance of any aroma/flavour precursor loss during the
decaffeination process.

5. DECAFFEINATION OF ROASTED COFFEE AND
EXTRACT

There are a number of advantages to the decaffeination of roasted coflee
extracts.!> These mainly deal with processing and equipment costs,
especially with roasted extract used for the production of instant coffees.
Since we are now dealing with the processing of essentially a finished
product having good flavour and aroma qualities, most of the process
efforts devoted to decaffeination must maintain and preserve these
qualities. Usually the first steps include aroma stripping and collection
via standard methods. These techniques are well documented in many
patents'® (see also Chapter S5, this volume). A major difficulty in the
decafleination of roasted extracts involves the loss of trace components
to the contacting solvent necessary for flavour preservation. Two
approaches to solve this problem in recent United States patents involve
either the use of an inert, very specific solvent such as liquid or supercritical
carbon dioxide for contacting the extract, or the use of a procedure of
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recovering these trace components by reflux and recycling back to the
extract.'” The latter procedure may also involve maintaining the level of
these components in the solvent high enough to prevent extraction from
the roasted extract. After decaffeination, processing is similar to the
processing of undecaffeinated extract after adding back the stripped
aromas,

6. CAFFEINE REFINING

The caffeine removed from coffee is a valuable commodity as a food or
drug additive. At the present time the two main sources of caffeine are
from coffee as a by-product of decaffeination and from a synthetic
reaction between urea and chloroacetic acid. The price of caffeine is
governed mainly by the cost of synthesis and demand. To refine coffee-
sourced caffeine economically, the purity into a refining system must be
in the order of 70% or better. Most of the procedures described above
deliver a caffeine of 70 to 85% purity, and a refining system based on
this purity was invented by Shuman in 1948. This process combines a
number of purifying steps to eliminate various contaminants such as
coffee waxes and oils, as well as caffeine-like water-soluble materials that
impart a dark colour to a coarsely granular crystal instead of the desired
white, needle-shaped crystals of pure caffeine.

The unrefined cafleine derived from the decaffeination process is usually
obtained as a water solution or as dried cake. Any residual solvent is
steam-distilled and the caffeine sludge that is formed is dissolved with
recycled mother liquor from a centrifugation step in the refining process,
as shown in Fig. 5. Activated carbon, recycled from a finishing step
before final crystallisation, is added to remove most colour-contributing
impurities. The slurry is filtered and the spent carbon is discarded or
reactivated, or the caffeine may be recovered by use of acetic acid
extraction.'® At this stage the caffeine is 80 to 90% pure, A crystallisation
step followed by centrifugation results in two streams. The crystals are
redissolved for an additional purification step and the mother liquor is
contacted with pure solvent to recover essentially all residual caffeine.
Addition of aqueous alkaline solution can substantially aid this separa-
tion.*® The decaffeinated mother liquor is discarded after the trace solvent
is recovered. The solvent containing recovered caffeine is sent to an
evaporator where it mixes with feed solvent used for decaffeination. Fresh
activated carbon is added to the redissolved crystals. After filtration the
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