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Preface to the First Edition

The problem of the cremations at Auschwitz — one of the most-important and
still-unresolved questions in the orthodox historiography of that camp — started
to come out of the general hysteria to which it had been relegated for decades
and to take on some scientific qualities only in 1989, thanks to Jean-Claude
Pressac (Pressac 1989). The merits of this French researcher, however, stopped
there: while he did indeed try to approach the problem from a scientific stand-
point, his analytic procedure and his conclusions only made a sound scientific
treatment of the matter the more pressing (cf. Mattogno 2019, esp. Chapter 9);
his severe lack of technical training is also demonstrated by his second work on
Auschwitz (Pressac 1993; cf. Mattogno 2016a).

This deficiency has become even more serious, because now that Pressac is
no longer with us, the problem of the Auschwitz cremations has relapsed into
the propagandistic hysteria of the immediate post-war years, as is highlighted by
a number of more-recent pseudo-scientific works on the issue:

— The first case in point is Robert Jan van Pelt’s study on Auschwitz (van Pelt
2002), which | have dealt with thoroughly in a dedicated volume (Mattogno
2019, esp. Chapter 12).

— The collective work by Assmann et al. of the same year about the Topf
Company, which had supplied the cremation furnaces for Auschwitz, is ab-
solutely devoid of any technical and scientific character and supplies no new
information on the Topf furnaces at Auschwitz (Assmann/Hiddemann/
Schwarzenberger 2002).

— The recent Encyclopedia of Cremation (Davies/Mates 2005), though claim-
ing to be scientific, devotes to “Auschwitz” one purely propagandistic page
(p. 66) which is based on the works of Danuta Czech, Franciszek Piper and
Jean-Claude Pressac!

— Just as inconsistent are the pages which Norbert Fischer devoted to Ausch-
witz and the other German concentration camps in a text on cremations in
Germany (Fischer 1996, ch. 5.3b, pp. 260-265).

The only really substantial source is the website on Topf, which provides vari-
ous significant documents (www.TopfundSoehne.de).

Personally, | started to become generally involved in the study of cremations
in the summer of 1987. The following year brought the onset of the valuable
collaboration with Franco Deana, doctor of engineering, which was essential for
the technical foundation of this study. In the intensive correspondence that en-
sued, he has always been a rich source of explanations and of technical analyses
for the many points of discussion. His name must therefore stand on the front
page of this work, together with that of the author. Sadly, Dr. Deana passed
away in 2005. Just as precious has been the support of the German engineer
H.N. who unfortunately passed away already in 1991. Thanks to him, as well as
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others, | was able to visit, for the first time, the camps of Buchenwald, Dachau,
Mauthausen and Gusen.

Initially my studies centered upon such technical problems as the duration of
the cremation process and the corresponding requirements for fuel. The publica-
tion of Pressac’s first book in 1989 prompted me to widen the perspective of my
approach and to include the historical context as well.

When the work had been completed in 1993, Pressac, in his second book,
brought to light the enormous amount of documentary evidence concerning the
Auschwitz crematoria that had been preserved in the Moscow archives of Vi-
borgskaya. An update of my study on the basis of the new documents that Pres-
sac had identified (some of which I had already seen as copies in the Auschwitz
Museum’s archive) appeared a year later (Gauss 1994, pp. 281-320).

In 1995, together with Jurgen Graf and the late Russell Granata, | was able
to view, in the Moscow archives, the collection of some 88,200 pages of docu-
ments stemming from the Auschwitz Central Construction Office (Zentralbau-
leitung). The collection contains a massive correspondence between that office
and the Topf & S6hne Company of Erfurt, which had built the Auschwitz cre-
mation furnaces. In 1997 and 1998 | found further important documents in Po-
land and Holland. In the spring of 1999 | visited, among many other sites, the
museum and the crematorium at Terezin (Theresienstadt), which both turned
out to be of considerable importance for the purposes of the problem dealt with
here. During the summer of that year, | examined the files kept in the municipal
archives of the city of Erfurt which, since 5 August 1996, has been preserving a
highly informative documentation on all the activities of the Topf Co., not lim-
ited to the mere question of crematoria. An overview of this documentation was
published as an article in 2000 (Gauss 2000, pp. 373-412; Rudolf 2003, ditto)
and a more extensive summary followed in 2009 (Mattogno 2009, pp. 210-294;
English 2010a, Chapter 8, 229-320; 2019, pp. 207-289).

With the passage of time, the initial scope of the study broadened considera-
bly, both into the historical domain and into the field of technology, and a pub-
lication in separate volumes thus became necessary: one for the text as such (the
present Part 1) and the two others for the corresponding voluminous documents
(Part 2, in black & white) and the photographs (Part 3, in color).

Various difficulties and obstacles have delayed the publication of this study
until today. In the meantime, though, I have continued to search for and collect
more sources and documents.

The cremation furnaces of Auschwitz, fired by means of coke-fed gasifiers,
constituted a development — or rather a simplification — of the civilian types;
however (as | found out in the early stages of my work) it is difficult to locate
detailed information on these furnaces even in the specialized literature. | there-
fore decided to place, at the head of the specific topic of the present study, a
rigorous introductory treatment of those furnaces as Unit | of Part 1 of this
study.

Furthermore, in view of the fact that cremation furnaces are, fundamentally
speaking, nothing but combustion devices, | felt that it would be helpful for the
reader to become, on the one hand, acquainted with the general principles of
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combustion technology and the chemical processes which come into play during
a cremation, and on the other hand with the theoretical and design principles of
a cremation furnace with a coke-fed gasifier, supplemented by a detailed de-
scription of its structure and its operation. In this way the reader will come to a
better understanding of cremation technology, and a better ability to evaluate
the Holocaust accounts of cremations at Auschwitz.

Finally, as the Auschwitz cremation furnaces were products of the technolo-
gy of their era, | felt that it would be useful to present an overview of the history
of cremation in modern times with a particular emphasis on furnaces with coke-
fed gasifiers such as those at Auschwitz, but without leaving aside systems
based on other energy sources — gas, naphtha (oil) or electricity. In this way the
reader can appreciate the technological development of these combustion devic-
es from the latter decades of the 19th Century through the Second World War,
with all the technical problems which had to be solved. This historical presenta-
tion of cremation furnaces is complemented by a parallel study of devices for
mass cremations for sanitary and hygienic reasons (in connection with wars or
epidemics) and concludes with a brief analysis of the cremation furnaces of to-
day.

The scientific cremation experiments carried out in Germany (and in Swit-
zerland) at the end of the 1920s provide us with a solid experimental basis for
tackling and resolving the essential questions of the duration and the corre-
sponding fuel consumption for a cremation in a cremation furnace with a coke-
fed gasifier; these aspects will be analyzed in detail in two specific chapters.

Aiming for a comprehensive presentation of the subject of this book, | have
not neglected the legal and statistical aspects of cremation, especially for the
case of Germany. The above topics are presented in Unit | of the present vol-
ume; by their very nature, these topics apply to the present, therefore the treat-
ment of the problems will often refer to our day and age, especially when it
comes to the descriptions of the various devices.

In Unit I1, I have primarily outlined the activities of the Topf Company in
the field of the design and construction of civilian cremation furnaces and other
combustion devices, describing in detail the structure and the operation of the
various types of Topf cremation furnaces, heated by means of coke, gas or elec-
tricity. 1 have also presented the numerous patents (and patent applications)
granted, acquired or filed between the 1920s and the 1950s.

After this general introduction concerning the Topf line of cremation furnac-
es for civilian use, | have taken up the cremation devices which the company
supplied or designed for the concentration camps, starting with those for Da-
chau and Gusen (furnaces with two muffles, i.e. cremation chambers, heated
with oil (haphtha) and later converted to coke).

At this point we enter the core topic of the present work, which begins with
a documented history of the construction of cremation furnaces at Auschwitz-
Birkenau. It is followed by a detailed technical description of the structure and
the operation of these devices — the furnaces with two, three and eight muffles —
and a survey of the Topf projects for mass cremations in that camp.



14 C. MATTOGNO. F. DEANA, THE CREMATION FURNACES OF AUSCHWITZ, PART 1

The three fundamental questions — the duration of the cremation process, the
capacity of the furnaces and the fuel consumption — will then be treated for the
Topf cremation furnaces at Auschwitz-Birkenau in a scientifically rigorous
fashion on the basis of a wide variety of documents.

For the determination of the duration of the cremation process, | have based
myself primarily on experimental data, in particular those resulting from the
cremation experiments with a coke-fired furnace undertaken by the engineer R.
Kessler in Germany at the end of the 1920s and those stemming from the exper-
iments with a gas-fired furnace done by Dr. E. Jones in England in the 1970s, as
well as on the detailed description of 15 cremations carried out in a modern gas-
fired furnace as part of a study in forensic medicine.

I have also taken into account a large portion of a list of cremations at Gusen
and the nearly complete list of cremations at the Westerbork Crematorium. The
name lists of cremations in the Terezin (Theresienstadt) Crematorium (a vast
sampling of 717 cremations carried out between 3 October and 15 November
1943 over 41 days of operation) furnish us, moreover, with a very-useful ac-
count inasmuch as the average duration resulting for these cases constitutes the
lower documented limit that could be achieved in the cremation devices of that
period.

The result of the study — that the average duration of the cremation process
was one hour — is confirmed also by the statements given by the Topf engineer
Kurt Priifer, the designer of the furnaces with three and with eight muffles, and
by Karl Schultze, who designed and built the blower for the former.

The section dealing with the capacity of the crematoria at Auschwitz-Bir-
kenau contains a preliminary evaluation of the limits of the continuous opera-
tion of the devices (imposed by the unavoidable formation and the necessary
removal of slag from the hearth) and of the loading of the muffles, i.e. an evalu-
ation of the possibility of burning simultaneously, in a useful manner, more than
one corpse in one muffle. This possibility is ruled out on the basis of experi-
mental data (tests run in the crematoria at Westerbork and Gusen, as well as in
slaughterhouses).

The Topf furnaces at Auschwitz-Birkenau were designed for individual cre-
mations, and alleged attempts at extending their technical limits would have
provided no advantage with respect to the economy of the cremation. The
Polish and Soviet expert reports on the coke-fired cremation furnaces of the Lu-
blin-Majdanek, Sachsenhausen and Stutthof Concentration Camps, which are
presented here for the first time in English translation and with their propagan-
distic digressions removed, supply us with an indirect confirmation of this view.

In the present treatise | have not limited myself to the mere verification of
numerical data, but I have also examined the historical question of the purpose
of the design and the construction of the crematoria furnaces at Auschwitz-
Birkenau.

The heat balance — i.e. the calculation of the coke consumption of the fur-
naces — is based on a sound experimental footing: the consumption of the Topf
double-muffle furnace in the crematorium at Gusen with its average consump-
tion of 30.6 kg of coke for 677 individual cremations. Compared to my sum-
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mary of 1994 (Gauss 1994 pp. 281-320), the heat balance presented today has a
foundation which is methodically superior: whereas the former was based on a
theoretical calculation corrected for the experimental data of the Gusen Furnace,
the balance offered here analyzes and explains those very data which constitute
the departure point of the calculation; this has led to results diverging from
those previously published, but to an almost-insignificant degree (the standard
deviation is less than 8%).

The calculation takes into account the technical data concerning coke, the
furnaces (with a detailed computation of the hourly heat loss by radiation and
conduction of the Gusen Furnace and of the double- and triple-muffle furnaces
at Auschwitz-Birkenau) and the corpses, which are divided into three types:
normal, average and lean. The fuel consumption (including total combustion air,
theoretical air consumption and excess air) is derived for each type of furnace
and for each type of corpse.

The analysis of the thermal balance of the Auschwitz-Birkenau furnaces,
moreover, evidences a design error for the triple-muffle furnace, on account of
which the combustion gases fed to or forming in the center muffle did not have
enough dwell time to burn completely but were sucked up by the chimney draft
and finished burning in the flue ducts. This phenomenon caused serious damage
to the refractory lining of the flue ducts and of the chimney of Crematorium 1l
at Birkenau in March 1943.

But could this surge of flames also show on the outside and produce the
phenomenon of flaming chimneys attested to by many witnesses? On the basis
of calculations, these flames should have exhausted themselves within the
smoke ducts of the crematoria. However, in order to verify this experimentally,
I have conducted two experiments with animal grease in a simple furnace | built
for the purpose. The experimental results fully bore out the implications of the
theoretical data.

For a better judgment regarding the Topf cremation furnaces at Auschwitz-
Birkenau, | have also made an extensive analysis of the oil- and coke-fired fur-
naces supplied to the concentration camps by Topf’s major competitor, the Hans
Kori Co. of Berlin, as well as those installed at the Terezin Camp by Ignis-
Huttenbau Co., undoubtedly the most-efficient devices built anywhere in Eu-
rope in the 1940s.

The final problem dealt with in Unit 1l concerns the legal requirements re-
garding the cremations in the concentration camps and the compatibility of the
furnaces in use there with those requirements. In that context, | have quoted in
extenso the important “Decree concerning the conduct of cremations in the
crematorium of the Sachsenhausen Concentration Camp” issued by Himmler on
28 February 1940, showing that — initially at least — the customary use of cof-
fins and urns for the ashes was the rule.

To make the text more-easily readable, | have added an Appendix which
contains the extensive details of cremation statistics for Westerbork and Terezin
(altogether 41 tables), a synopsis of the activities of the Topf Co. at Auschwitz-
Birkenau, and a list of the patents as well as patent applications and patent de-
scriptions of the Topf Co.
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As the translation of German technical terms in the field of furnace technol-
ogy sometimes presents difficulties even for persons fluent in the language, |
have added a glossary, which also contains the essential explanations. As far as
the administrative terms which appear in this work are concerned, | refer the
reader to the glossary of my study on the Central Construction Office at Ausch-
witz (Mattogno 2015, pp. 164-174).

The present work is strictly based on unimpeachable primary sources. Pub-
lished sources are listed in the bibliography, whereas the documental references
are given in the footnotes.

I have, above all, brought together the German historical and technical litera-
ture which exists on this subject, supplementing it with the patents concerning
civilian/commercial systems to the extent that such documents still exist (many
have been lost on account of Allied air raids). At the same time | have been in
touch with various manufacturers of cremation equipment and have personally
visited several crematoria in Italy and France.

For a better understanding of the functioning of the Topf and the Kori sys-
tems, | have studied the available German documents, especially those of the
Central Construction Office at Auschwitz as well as other documents preserved
in various European archives. As a result, Part 2 of this study contains 300 doc-
uments, many of which are heretofore-unpublished or -unknown even to spe-
cialists. The first 109 documents concern civilian cremation systems, Nos. 110
through 162 refer to the civilian/commercial activities of the Topf Co., and un-
der Nos. 163 through 300, finally, we have a selection of the most-important
documents regarding the Topf cremation systems at Mauthausen, Gusen, Buch-
enwald and Auschwitz-Birkenau (plans, drawings, proposals, cost estimates,
shipping documents, invoices, operating instructions, charts etc.), regarding the
Kori systems in the camps mentioned (especially original drawings and very-
detailed drawings prepared by the Soviet experts), regarding technical and ad-
ministrative questions, and on the bureaucratic formalities for cremations in the
concentration camps.

In addition to my archival studies, | have also inspected and taken photos of
devices still remaining in German concentration camps at:

— Auschwitz: 2 double-muffle Topf furnaces poorly rebuilt by the Poles; the
mobile oil-fired Kori furnace;

— Buchenwald: 2 coke-fired triple-muffle Topf furnaces (one adapted for op-
tional use with oil) identical to those installed in Crematoria Il and Il at
Birkenau;

— Dachau: 1 double-muffle coke-fired Topf furnace, originally a mobile fur-
nace fired with oil; 4 coke-fired Kori furnaces;

— Gusen: 1 double-muffle coke-fired Topf furnace, originally a mobile furnace
fired with oil;

— Mauthausen: 1 double-muffle coke-fired furnace identical to the 3 double-
muffle furnaces installed at Crematorium 1 of the Auschwitz Main Camp: 1
coke-fired Kori furnace;

— Gross-Rosen: 1 mobile oil-fired Kori furnace:
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— Lublin: 5 coke-fired Kori furnaces; 1 mobile naphtha-fired Kori furnace;
— Stutthof: 2 coke-fired Kori furnaces; 1 mobile oil-fired Kori furnace;
— Terezin: 4 stationary oil-fired Ignis-Huttenbau furnaces.

In Part 3 of this work, | have extensively illustrated the descriptions of these de-
vices with 370 photos — most in color — divided into twelve sections, each one
corresponding to a specific device. This collection contains illustrations of de-
vices heretofore unknown (the furnaces of the Terezin Crematorium Photos
345-362) or unfamiliar even to specialists, such as the photos of the furnaces at
Gusen (Photos 1-35), Gross-Rosen (Photos 332-334), Stutthof (Photos 270-284
and 328f.), as well as Lublin-Majdanek (Photos 285-327). However, even the
photos of the well-known devices constitute a relevant contribution inasmuch as
they depict, for the first time, the essential components of these units, which is
indispensable for an understanding of their structure and their way of operation.
Although composed mainly for the specialist, this three-volume study will
also allow the interested layman to become acquainted with the problems treat-
ed here; even though he may not have the specific prerequisites in this field, he
will thus command all the tools needed for a verification of the soundness of the

conclusions drawn.
Carlo Mattogno
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Preface to the Second Edition

The original text of this work — | forni crematori di Auschwitz. Studio storico-
tecnico con la collaborazione del dott. Ing. Franco Deana (Effepi, Genoa) —
appeared in 2012, and in 2015, the English translation was published under the
title The Cremation Furnaces of Auschwitz. A Technical and Historical Study.

In the meantime, | had been made aware of the second edition of Annegret
Schiile’s volume Industrie und Holocaust: Topf & S6hne — Die Ofenbauer von
Auschwitz (Industry and Holocaust: Topf & Séhne — The Furnace Makers of
Auschwitz), which is important only for the documents presented in it. Regard-
ing the book’s technical claims — especially in its Chapter 3 — it is in fact worth-
less, being a mere regurgitation of the most-trite Holocaustic myths, as | have
shown in a detailed analysis (Mattogno 2014, pp. 73-90).

Due to a mishap, the update that | had prepared for the English edition was
not published, so that Schiile’s work is not mentioned in it. This omission is rec-
tified in this edition.

In the subsequent mental vacuity of the orthodox Holocaust literature, only
Robert Jan van Pelt’s rather-pretentious attempt at a scientific treatment of the
subject of cremation at Auschwitz stands out, meaning his article “Sinnreich
erdacht: Machines of Mass Incineration in Fact, Fiction, and Forensics” (An-
stett/Dreyfus, pp. 117-145), which | have refuted in a systematic and detailed
manner in a separate study (Mattogno 2020). Justyna Majewska’s Polish article,
whose title translates to “The Technicians of the ‘Final Solution’. Topf & Séhne
— the Furnaces Builders of Auschwitz,” is even-more-unfounded, while the arti-
cle “The Oven Builders of the Holocaust” by Annika Van Baar and Wim Huis-
man is completely devoid of historical relevance due to its “criminality” slant.

Otherwise, the 2012 text does not require major changes and is presented
here in a revised and corrected edition.

Carlo Mattogno, July 2021
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Unit I: Modern Cremation

with Particular Emphasis
on Furnaces Using a Coke-Fed Gasifier
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1. The Cremation

1.1. General Principles of Combustion Technology*

From the physico-chemical point of view, the cremation of a corpse is a normal
combustion process. In fact, the combustible substances of the human body are
much the same as those of wood, coal or any other type of combustible: carbon
and hydrogen (and, to a very small extent, sulfur). The difference resides only in
their respective ratios and in their ratios with respect to the other components
making up a human body (oxygen, nitrogen, ash), as well as in the fact that all
these substances are, as it were, suffused in water, which accounts for some 60-
65 % of the total mass of the human body.? Thus, the same physico-chemical
laws that govern a normal combustion also apply essentially to a cremation.

By combustion we understand the combination of a substance (the fuel or
combustible) with the oxygen of the air (the combustion agent)® under condi-
tions of ignition (ignition temperature) with the generation of heat, normally ac-
companied by the visible phenomenon of a flame, which is characteristic of any
live combustion.

The combustible is any substance rich in hydrogen or carbon, or both,
which, in the presence of oxygen and a suitable igniter (such as an existing
flame), burns with the generation of heat. For this to occur, it is also necessary
that the combustion agent (oxygen) be present in an amount adequate for the
amount of combustible and to sustain the process. In practice, the combustion
oxygen is furnished by air, which has the following composition:

Component | Volume % Mass %
Oxygen 21 23
Nitrogen 794 77
Air 100 100

Assuming as units of ratio the volume and the mass of oxygen, we have

Component | rel. Volume rel. Mass
Oxygen 1.00 1.00
Nitrogen 3.78 3.34

1 This subchapter is based on, i.a., Pierini 1977, pp. 209-214; Salvi 1972, pp. 72f., 76; Enciclopedia
Curcio... 1973, Vol. 3, entry “Combustione,” pp. 1165f.; Giua/Giua-Lollini 1948, entry “Combustibi-
li e combustione,” Vol. |, pp. 991ff. Hitte 1931, vol. I, pp. 561ff.

2 Although green wood can contain between 30 and 200% of water as well; see Forest Products Labor-

atory 2010.

In certain installations, for example in steel works or in waste incinerators etc. operating at high tem-

peratures, the combustion agent is pure oxygen, which allows the necessary temperatures to be

reached.

4 Correctly speaking there is only 78.1% of nitrogen in the air plus 0.9% of argon, but the difference is
marginal and negligible within the error margins of the subsequent calculations.
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The volume is expressed in Normal cubic meters (Nm3), the mass in kilograms
(kg). One Nm3 is equal to 1 m? of a gaseous substance at the temperature of 0°C
and a pressure of 760 mm Hg (mercury) (Torr), which is 1 atmosphere or
1013.25 mbar (10 m water column); one Nm3 of air has a mass of about 1.293
kg.> Throughout this study, when | speak of m3, one should always read Normal
cubic meters, unless indicated otherwise.

The reaction of the complete combustion of carbon is:

C + 0O, — CO> + heat

i.e. one atom of carbon, of a molar mass of 12 g/mol, combines with one mole-
cule (two atoms) of oxygen, of a molar mass of 32 g/mol, to form one molecule
of carbon dioxide as well as heat.

The reaction of the combustion of hydrogen is:

Hz + % Oz — H,0 + heat

i.e. one molecule of hydrogen, of molar mass 2 g/mol, combines with half a
molecule (one atom) of oxygen, of molar mass 16 g/mol, to form water, of mo-
lar mass 18 g/mol, as well as heat.

In practical terms, taking kg as the unit of mass, we have:®

12 kg C + 32 kg O2 — 44 kg CO; + heat
2 kg Hz + 16 kg O2 — 18 kg H20 + heat

It follows that for the combustion of 1 kg of carbon or hydrogen, the following
amounts of oxygen are needed, with the amount of energy in the form of heat
released as given with the unit kcal (thousands of calories):’

1 kg C + %2/1, kg Oz — *4/1, kg CO + 8,130 kcal
1 kg Hz + '/, kg Oz — ¥/ kg H0 + 34,500 kcal

Hence, for the complete combustion of 1 kg of carbon 3%/1, = 2.667 kg of oxy-
gen is required, i.e. 2.667 - 4.34 = 11.57 kg of air, whereas for 1 kg of hydrogen
we need 8 kg of oxygen, i.e. 8 - 4.34 = 34.72 kg of air.

The combustion reaction of hydrogen set out above, in which the water pro-
duced is assumed to be in the liquid state, yields its so-called Upper Heating
Value (u.h.v.). If the combustion produces water vapor, the evaporation of this
water absorbs a certain amount of heat. As the combustion of 1 kg of hydrogen
produces 9 kg of water, and considering that the evaporation of 1 kg of water at
atmospheric pressure and 100°C requires 639.4 kcal, one kilogram of hydrogen
produces 34,500 — (639.4 - 9) = 28,745.4 or about 28,700 kcal. This amount of
heat represents the Lower Heating Value (l.h.v.) of the fuel, which can be calcu-
lated by using the following equation (all rounded factors in kcal/kg):

l.h.v. = 8,100 - C + 28,700 - (H-/g) + 2,210 - S — 600 - M, [1]

5 With 22.4 liters per mol of ideal gas (at 0°C and 1,013.25 mbar), dry air with 28.956 g/mol results in
1,293 g/ma.

& The respective equation for sulfur is: 32.1 kg S + 32 kg O, — 64.1 kg SO, + heat

" Forsulfur: 1kg S + 1 kg O, — 2 kg SO, + 2,210 kcal; see Salvi 1972, pp. 72f.
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where C and S represent the masses of the respective elements, H-%/s is the
mass of hydrogen to be burned reduced by an eighth of the mass of the oxygen
already contained in the combustible,® and M is the liquid water (Moisture) con-
tent of the fuel, all in kg.

The theoretical quantity of air (A:) needed for the complete combustion of 1
kg of fuel is arrived at by means of the following equations:

A =1157C+34.72 (H-%%) +433S  inkg [2]
Ac=8.95C +26.85 (H-%/g) + 3.35 S in Nm? [3]

In practice, however, if a complete combustion is to be attained, it is necessary
to use an amount of air larger than the theoretical value: this extra air, which
depends on the type of fuel and the type of hearth or burner used, is called “Ex-
cess Air” (m) and is quantified with a coefficient or an index. The Excess-Air
ratio is given by the ratio of the effective, actual amount of air (A¢) and the the-
oretical amount of air required for complete combustion (Ay), as:

Ae
m=% [4]

or by the ratio of the theoretical amount of CO; that would be produced, (COz)
and the effective amount of CO, (COy¢) actually produced, i.e.:

_ CO2
M = Co, [5]

If the quantity of combustion air is insufficient for the amount of fuel, we will
have incomplete combustion. The reaction of the carbon would then be:

C+% 02 — CO + heat
If we use masses for this case, we have:
12 kg C + 16 kg O — 28 kg CO + heat
and, for 1 kg C:
1 kg C + /1, kg 02 — /1, kg CO + 2,449 kcal

Thus, from the combustion of 1 kg of carbon with 1.333 kg of oxygen we obtain
2.333 kg of carbon monoxide and only 2,449 kcal of heat, instead of the 8,130
kcal that would be yielded by the complete combustion.

The theoretical amount of dry exhaust gases (Fis) produced by the combus-
tion of 1 kg of fuel can be calculated in the following way:®

Fis=12.49 C + 26.46 (H-°/g) + 3.51 S+ N in kg [6]
Fis =8.95 C +21.17 (H-%/g) + 3.35 S + 0.796 N in Nm3 [71

8 A correction necessary to take into account that some of the matter in the combustible is already oxy-
genated to some degree.

®  Since the oxidation products of organic nitrogen compounds (N) are very diverse, this is not treated in
detail here. These and the previous equations are taken again from Salvi 1972, pp. 72f.
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The quantity of water vapor (W) in the exhaust gases can be arrived at by using
the equations:

W=9H+M in kg [8]
W=11.19H +1.243 M in Nm3 [9]

Combining the two equations, the total amount of theoretical exhaust gases (F+)
becomes:

Ft=1249C+3546 H-26.46°3+351S+N+M in kg [10]
Ft=895C+3236H-21.17%+3.355+0.796 N + 1.243 M in Nm3[11]

The efficiency (n) of a combustion device — and this applies obviously to a cre-
mation furnace as well — is the ratio of the heat supplied to the heat generated. If
there were no heat losses, the efficiency would be equal to 1, or 100%; yet since
heat losses will inevitably occur, the efficiency is necessarily less than 1, or be-
low 100%.

The heat losses, which influence the efficiency of the device in a major way,

can be identified as four factors:

1. the excess air;

2. the temperature of the exhaust gases;

3. the unburned components in the exhaust gases and in the slag from the
hearth;

4. the heat losses of the device by radiation and conduction.

The heat loss due to Excess Air arises from the fact that, if the amount of com-

bustion air is increased, the quantity of exhaust gases increases proportionally,

but since the heat generated by the fuel remains unchanged, the temperature of

the exhaust gases will drop; furthermore, as the amount of discharged gas in-

creases, the heat lost through the chimney rises as well because of the sensible

heat of the discharged gases.

For example, a fossil coal with an I.h.v. of 7,500 kcal/kg would have a theo-
retical combustion temperature of 2,280°C; if the gases leave the system at
500°C, there is a heat loss of 19.2% of the I.h.v. of the fuel, and we would thus
have an efficiency of the fuel of 7,500 - (1 — 0.192) = 6,060 kcal/kg. If, instead,
we assume an Excess-Air ratio of m = 3, the theoretical combustion temperature
drops to 915°C and the heat losses due to the exhaust gases rises to 52.8% (Hut-
te 1931, vol. I, p. 578). In this case, the efficiency of the fuel would amount to
7,500 - (1 —0.528) = 3,540 kcal/kg.

The gases leaving the chimney contain heat, called their sensible-heat con-
tent, which is determined by their specific heat capacity® and their temperature:
the higher their temperature, the higher the sensible heat of the gases and the
higher the heat loss. For example, the heat lost by 100 Nm3 of air at 500°C, with
an average specific heat capacity (com) of 0.312 kcal Nm™2 °C! (Recknagel-
Sprenger, p. 47), amounts to 100 Nm?3 - (0.312 kcal Nm3 °C! - 500°C) =
15,600 kcal; at 800°C, instead, it amounts to 100 - (0.331 - 800) = 26,480 kcal.

1 The number of kcal needed to raise the temperature of 1 kg (or here 1 Nm?) of a substance by 1°C.
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For the computation of the heat loss due to the sensible heat of the exhaust
gases through a chimney, a specific equation exists, which we will consider in
Chapter 7. The one given below (cf. Document 91) takes into account the CO-
and the water vapor (which stems from the combustion of hydrogen and from
the water content of the fuel) in the exhaust gases:

C 100
[0.32 " 0536 o, T 0.0048 (9H + W)] (Te—t0) -7, [12]

where W = water vapor
T = temperature of exhaust gas
to = temperature of outside air
Hu = Lh.v. of fuel

The equation allows us to determine the percentage of heat loss for 1 kg of fuel.
Assuming the values of C, CO2, H, W and Hy presented in Chapter 7, the heat
loss for Tr = 500°C amounts to 27.87% of the L.h.v. of the fuel, whereas for Tr
=800°C itis 44.93%.

The effective L.h.v. of a solid fuel is always less than the theoretical value ar-
rived at by means of the above equation, because a small portion of the fuel
(unburnt solids on the hearth) and of the gases which form during the gasifica-
tion of the coke (unburnt gases) escapes from the combustion process. For the
determination of the heat lost, a chemical analysis is needed. Experience tells us
that the unburnt fuel on the hearth contributes some 4-5%. The heat loss due to
unburnt gases is given by

Fs (3,050 CO + 2,580 Hy)
l.h.v.

[13]

Where Fscorresponds to the dry exhaust gases in one Nm3.

If we assume an L.h.v. of 6,470 kcal/kg, At = 7.17 Nm?3kg, CO, = 13%,
hence m = 1.57, with a mere 1% of unburnt CO and H, this would bring about a
heat loss of

1.57 - 7.17 (3.050 - 1 + 2,580 - 1)
6.470

= 9.78%. [14]

The heat loss by conduction and radiation is determined by the temperature dif-
ference between the inner wall of the furnace and the outside. If the mass of the
refractory brickwork of the furnace is, for example, 6,000 kg, the heat required
(i.e. lost) to bring this mass up to an average operating temperature of 800°C
can be evaluated according to the equation cp - P - (Tm — to), where ¢, = specific
heat capacity of the brickwork = 0.21 kcal/kg/°C, P = mass of the brickwork, T
= mean temperature of the brickwork = 800°C, to = ambient temperature =
20°C, which turns out to be 0.21 - 6,000 - (800 — 20) = 982,800 kcal.

A certain amount of heat escapes by conduction through the wall of the fur-
nace from the inside to the outside and is then lost by radiation and convection.
This heat loss depends therefore on the mean temperature in the refractory wall
of the furnace, on its thermal insulation and, of course, on the time considered.
The heat lost in this way is given by the following equation:
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C=a-S (Tm—to) - Z [15]
where C = heat loss (in kcal)
o = heat transfer coefficient (in kcal m2 °C* hr?)
S =surface area of the furnace (in m2?)
Tm = mean temperature of the refractory brickwork (°C)
to = ambient temperature in the room (°C)
Z =time considered in hours

If we assume, as an example, a uniform a = 0.7 kcal m2 °C* hr?, S = 50 m?,
Tm = 800°C, to = 20°C, Z = 1 hour, the heat loss would be:

0.7 kcal m2°Ct hr!- 50 m? - (800°C —20°C) - 1 hr = 27,300 kcal.

Before electric pyrometers came into use, the temperature of a furnace was de-
termined by Seger cones, made of mixtures of silicates and fluxes in the form of
pyramids with a triangular base; there were 59 types, each with a different melt-
ing temperature. They were used mainly in the ceramics industry to determine
the temperature within a furnace on the basis of the melting point of a particular
cone.

Sometimes, when Seger cones were unavailable, the temperature would be
estimated on the basis of the color of the refractory material according to the
following table (Bordoni 1918, p. 13):

Color Temperature | Color Temperature
Incipient red 525°C Dark orange 1,100°C
Bright red 700°C Bright orange 1,200°C
Incipient cherry red 800°C | White 1,300°C
Bright cherry red 1,000°C | Gleaming white 1,500°C

In German usage, incipient cherry red (800°C) was simply referred to as red.

1.2. The Chemical Processes during Cremations

Opinions diverge considerably with respect to the chemical composition of the
human body. Some cremation specialists (cf. Chapter 7) assert that a human
body of mass 70 kg is made up of

10.92 kg of carbon 3.57 kg of nitrogen
1.47 kg of hydrogen 45.50 kg of water
4.83 kg of oxygen 3.50 kg of ash
0.21 kg of sulfur Total: 70.00 kg

Engineer Wilhelm Heepke assumed that the human body is made up of 65%
water, 30% combustible substances (mainly fat and protein) and 5% incombus-
tibles (ash; see Chapter 7). For the combustible substances he gave the follow-
ing chemical composition:

Carbon: 52%  Sulfur: 1%
Hydrogen: 7%  Nitrogen: 17%
Oxygen: 23%  Total: 100%

On the basis of these data, a body of 70 kg contains
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70-0.65= 45.5 kg of water

70-0.30 = 21.0 kg of combustible substances
70-0.05= 3.5 kg ofash

Total: 70.0 kg

The combustible substances are made up of

21-0.52= 10.92 kg of carbon
21-0.07=  1.47 kg of hydrogen
21-0.23=  4.83 kg of oxygen
21-0.01= 0.21 kg of sulfur
21-0.17=  3.57 kg of nitrogen
Total: 21.00 kg

The percentage composition of the human body therefore results as:

1092 +70-100= 15.6% of carbon
1.47+70-100=  2.1% of hydrogen
4.83+70-100=  6.9% of oxygen
021+70-100=  0.3% of sulfur
3.57+70-100=  5.1% of nitrogen

65.0% of water
5.0% of ash

Total: 100.0%

Heepke further indicated the composition of the combustible substances: 15%
of proteins, 12% of fat and 3% of other substances (primarily sugars). The fat
has an average chemical composition of:

79.10% of carbon
11.15% of hydrogen
9.75% of oxygen
Total: 100.00%

The average composition of the proteins (on the basis of fibrin! which does not
differ materially from that of the other proteins) is the following:

52.70% of carbon
6.90% of hydrogen
15.40% of nitrogen
23.80% of oxygen
1.20% of sulfur
Total: 100.00%

The L.h.v. of 1 kg of fat thus results as:
8,100 - 0.791 + 28,700 (0.1115 — 0.0975 =+ 8) = 9,257 kcal.*? [16]

1 Fleck 1874, pp. 163f.; for fibrin, Giua/Giua Lollini (1948, Vol. 1, p. 295) give a practically identical
composition: C =53%; H = 7%; O = 23%; N = 17%; S = 1%. Fibrin (also called Factor la) is a fi-
brous, non-globular protein involved in the clotting of blood.
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The L.h.v. of 1 kg of proteins, on the other hand, is:
8,100 - 0.527 + 28,700 (0.069 — 0.238 + 8) + 2,210 - 0.012 = 5,422 kcal. [17]

Now, if a body of mass 70 kg is made up of 12% fat and 15% protein, the l.h.v.
of its solid matter amounts to

70 (0.12 - 9,257 + 0.15 - 5,422) = 134,690 kcal, [18]

while not taking into account the remaining 3% of sugars and other combustible
substances. However, the chemical composition mentioned initially would re-
sultinan Lh.v. of:

8,100 - 10.92 + 28,700 (1.47 —4.83 + 8) + 2,210 - 0.21 = 113,777 kcal. [19]

In view of the fact that these two values differ considerably, it is clear that the
chemical composition mentioned initially is low in combustible matter. Actual-
ly, these percentages depend essentially on the fat and the proteins present in the
human body, but even in this respect, the data differ: Schlapfer, for example,
speaks of 10% fat and 20% proteins (as well as 1% of sugars; Schléapfer 1937, p.
10), whereas Fleck has 20% fat and 10% proteins (Fleck 1874, p. 163). In this
study we shall henceforth assume values of 12% fat and 18% proteins for our
calculations. On the basis of these assumptions, a human body of 70 kg would
be made up of

70 - 0.18 = 12.6 kg of protein
70 - 0.12 = 8.4 kg of fat

The 12.6 kg of protein therefore contain:

12.6 - 0.527 = 6.6402 kg of carbon
12.6 - 0.069 = 0.8694 kg of hydrogen
12.6 - 0.154 = 1.9404 kg of nitrogen
12.6 - 0.238 = 2.9988 kg of oxygen
12.6 - 0.012 = 0.1512 kg of sulfur
Total: 12.6000 kg

And the 8.4 kg of fat contain:

8.4 - 0.7910 = 6.6444 kg of carbon
8.4 -0.1115 = 0.9366 kg of hydrogen
8.4 - 0.0975 = 0.8190 kg of oxygen
Total: 8.4000 kg

A body having a mass of 70 kg thus contains (as kg and %):

12 According to another source, the value for animal fat is = 9.500 kcal/kg (DeHaan 1999, p. 28).
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C =6.6402 + 6.6444 = 13.2846 kg = 13.2846+70-100= 18.978%
H=0.8694 +0.9366 = 1.8060kg= 1.8060+70-100= 2.580%
0=29988+0.8190= 3.8178kg= 3.8178+70-100= 5.454%

N = 1.9404kg= 1.9404+70-100= 2.772%
S= 0.1512kg= 0.1512+=70-100= 0.216%
Total: 21.0000 kg = 30.000%
The L.h.v. of the dry solids thus results as:
12.6 - 5,422 + 8.4 - 9,257 = 146,076 kcal. [20]

However, the body also contains 45.5 kg of water, which has to be evaporated,
subtracting (45.5 - 600 =) 27,300 kcal, and the l.h.v. of the entire body hence
becomes 146,076 — 27,300 = 118,776 kcal, or 118,776 + 70 = 1,697 kcal/kg,
which is an intermediate value between the values arrived at by Schlépfer
(1937, p. 10: 1,600 kcal/kg) and those by Kraupner (1970: 1,800 kcal/kg).

According to most recent evaluations, human corpses typically consist of
15.3% proteins, 14% fat and 64% water (Davies/Mates 2005, p. 134); from this
results a l.h.v. of 1,741 kcal/kg, which confirms my assumed value.

This having been established, let us now move on to the chemical processes
which occur during a cremation (cf. Kraupner/Puls 1970; Loffler 1926, pp. 3f.):

1 kg of C burns to CO; with 2.667 kg or 1.867 Nm3 of O
1 kg of C burns to CO with 1.333 kg or 0.933 Nm? of O
1 kg of S burns to SO, with 1.000 kg or 0.700 Nm? of O
1 kg of H burns to H,O with 8.000 kg or 5.600 Nm?3 of O
We therefore have as products from
1 kg of C: 1.867 Nm3 of CO; [21]

1 kg of C: 1.867 Nm3 of CO
1kgofS: 0.700 Nm? of SO,
lkgofH: 11.200 Nm:3of H,O

The specific volumes, i.e. the volumes of one kg of each substance, are as fol-
lows:

CO; 0.509 Nm?3/kg 0] 0.700 Nm?3/kg
Cco 0.800 Nm3/kg N 0.800 Nm?3/kg
SO 0.350 Nm?3/kg H,0 1.244 Nm3/kg
H 11.200 Nm?3/kg

One Nm?3 of air contains 0.209 Nm? of O and 0.791 Nm3 of N. With the above
values, the theoretical oxygen requirements are as follows:

for C to COy: 13.2846 - 1.867 = 24.8023 Nm?
for H to H20: 1.8060 - 5.600 = 10.1136 Nm3
for S to SO,: 0.1512-0.700= 0.1058 Nm3

Total = 35.0217 Nm3
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of which (3.8178 - 0.7 =) 2.6724 are supplied by the corpse itself, so that the ef-
fective theoretical oxygen requirement is 35.0217 — 2.6724 = 32.3493 Nm3 of
O, corresponding to

32.3493 - 100 + 20.9 = 154.78 Nm? of air [22]
containing
79.1-154.78 + 100 = 122.43 Nm?3 of nitrogen. [23]

Therefore, the following quantities of moist combustion gases are generated
during the cremation of a 70 kg corpse:

—from 13.2846 of kg C:  13.2846 - 1.867 = 24.80 Nms of CO,

—from 1.8060 of kg H: 1.8060 -11.200 =  20.23 Nms3 of H,0"
—from 1.9404 of kg N: 1.9404 - 0.800 = 1.55Nm3of N
—from 0.1512 of kg S: 0.1512- 0.700=  0.10Nm? of SO,

— from 45.5000 of kg H20: 45.5000 - 1.244 = 56.60 Nm? of H,0"
Subtotal: 103.28 Nmg ™ as vapor

Plus N from the air: 122.43Nm3

Total: 225.71Nm?

Applying the equations arrived at in Subchapter 1.1., we have:
1. Theoretical volume of necessary air:

Ar=8.95-13.2846 + 26.85 - (1.806 — 3.8178 + 8) + 3.35- 0.1512

= 155.08 Nm3 [24]
Theoretical volume of moist exhaust gases:

Fr=8.95-13.2846 + 32.36 - 1.806 — 21.17 - 3.8178 + 8 + 3.35 - 0.1512

+0.796 - 1.9404 + 1.244 - 45,5 = 225.89 Nm? [25]
The normalized volume of dry exhaust gases then is:

225.89 — (20.23 + 56.60) = 149.06 Nm? [26]
The maximum percentage of CO, becomes:

24.80 - 100 + 149.06 = 16.64% [27]

1.3. The Cremation Process

The cremation of a corpse proceeds in four functionally distinct, yet not tempo-
rally separated phases in the following sequence:

1. desiccation (evaporation of water)

2. the gasification (evaporation of combustible gases)

3. the combustion

4. the incineration
A human body contains a large amount of water and cannot burn spontaneously,
no matter what temperature it is exposed to. Before the corpse reaches the tem-
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perature at which the gases formed during the gasification phase will ignite, the
water it contains must first be evaporated, a process which takes place at a no-
ticeable pace from about 100°C. Once the water has evaporated, the temperature
will increase to around 400 to 500°C, at which point combustible constituents of
the corpse, i.e. fat and protein, begin to decompose. During this process gases
like carbon monoxide and hydrocarbons are released which burn in the presence
of sufficient oxygen. However, before this combustion can occur, these gases
must be brought to their ignition temperatures. The less-flammable gases, i.e.
the heavier hydrocarbons, have ignition temperatures of around 650 to 700°C.
The proteins, on the other hand, as has been pointed out by Klettner (Bundesre-
publik Deutschland 1953, see Document 160), have a relatively high nitrogen
content and tend to resist combustion; their ignition temperature — or rather the
temperature at which the nitrogen splits off from the hydrocarbon portion — is
on the order of 800°C (cf. Chapter 6).

After the combustion of the volatile, flammable substances of the corpse,
there is a post-combustion and incineration phase of the non-volatile remnants,
during which these glowing, mainly carbonaceous particles are transformed into
CO; and ash (Maccone 1932, p. 104).

As established by de Pietra Santa already at the end of the 19" Century
(1889, pp. 18f.), the whole process extends over something like one hour, with
the individual phases lasting approximately:

— 30 minutes for the desiccation
— 15 minutes for the gasification and combustion
— 15 minutes for the post-combustion (incineration proper)

The cremation of a corpse in a cremation furnace with a gasifier proceeds in the
following steps:

The skin and the long muscles burn first, followed by the heart and the
lungs, with the spleen and the liver being consumed last. The parts of the face
that are exposed to the high temperature gases from the gasifier carbonize
quickly, the hairy scalp detaches from the skull and burns rapidly. The cranial
bones separate, the seams between them split, and the brain, appearing as a car-
bonized black mass, burns slowly. The lower jaw falls off and even the teeth,
somewhat protected in their cavities, are reduced to ash. The long bones are dis-
articulated. The articulations of the hand and of the fingers come apart and are
consumed. The body parts resting on the grate burn less rapidly. The combus-
tion of the skeleton proceeds from the head to the feet in keeping with the direc-
tion of the flow of the gases from the gasifier (normally corpses are loaded into
the furnace head-first). The bones are calcined by the high temperature of the
furnace, the organic matter is destroyed. Only ash remains, which is primarily
composed of calcium carbonate and calcium phosphate as well as magnesium,
iron, sodium and potassium salts which resist the obtained high temperatures
(Maccone 1932, pp. 104f.; Kiichenmeister 1875, pp. 74f.).

The mass of the ash is about 5% of the corpse’s original mass, its density
approximately 0.5 g/cm?® (Davies/Mates 2005, p. 134; Enciclopedia Italiana
1949, vol. XI, p. 825; Huber 1903, p. 17).
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The furnace will generally be operated in the following way:

Before the coffin is introduced into the cremation chamber or muffle, the pi-
lot hearth is lit and the air vents, the damper and the hearth door are opened. At
the normal operating temperature of 800 to 900°C the coffin ignites as soon as it
is introduced into the muffle. After the muffle door is closed, the furnace gener-
ally needs only little air and not much draft, because initially the coffin burns
only on its relatively small surface. After a short time, the hull of the coffin will
break apart in a number of places and the burning surface increases considera-
bly. At this point it is therefore necessary to provide for maximum draft and
maximum air, which is achieved by opening up the air vents and the damper. At
this phase of the process of cremation, so much gas is generated within the muf-
fle that the air feed becomes insufficient for complete combustion: Hence the
muffle is filled with glowing fumes, and black smoke develops. More air must
now be fed in. If this is done in an adequate way, the smoke will clear almost
instantly.

For this reason, it is important that the furnace be equipped with measuring
instruments to alert the operator as soon as smoke begins to form. If smoke de-
velops, the combustion will be incomplete, heat generation and CO; content
will decrease and the temperature will fall. Additional air has to be fed at a suf-
ficient rate if an excessive cooling of the furnace is to be avoided.

As a next stage the evaporation of the corpse’s water will start soon. As a
consequence, the muffle tends to cool, combustion slows and smoke reappears.
Therefore the air vents must now be throttled. Simultaneously there is incipient
gasification, which follows closely the desiccation process of the tissues layer
by layer, from the outside to the inside as the evaporation proceeds. At this
point, relatively little air is required, and the vents have to be almost totally
closed, as otherwise smoke will develop because of excessive cooling due to
cold air (relative to the muffle temperature) entering the muffle through the
vents. In this case, the smoke is caused by the fact that the muffle cools to a
temperature below the ignition point of the heavier hydrocarbons that form dur-
ing the gasification. Another contribution to the cooling tendency comes from
gasification itself, an endothermic process, which means that it absorbs heat.

Normally the combustion of the corpse will then, for a while, become
somewhat more pronounced, as desiccation and gasification proceed, resulting
in a demand for more air and hence a stronger draft. Slowly, though, as the cre-
mation advances, combustion will gradually die down. When combustion has
come to a stop, the glowing ash is to be removed from the inclined plane of the
muffle into the ash chamber for the final burnout, and another coffin can be in-
troduced into the combustion chamber.

Cremation must be carried out between well-defined thermal limits: at tem-
peratures above 1,100 to 1,200°C, sintering will occur, i.e. the bones of the
corpse and the refractory material will soften and fuse; at temperatures below
700 to 600°C there is only carbonization of the corpse. The optimum tempera-
ture for the introduction of the coffin has been found by experiments to lie be-
tween 850 and 900°C (Kessler 1930, pp. 136f.). The maximum temperature that
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may be registered in a muffle, but only for a few moments, was on the order of
1,100°C (see Chapter 4).

2. Cremation Technology of Coke-Fired Furnaces

2.1. Structure and Operation

Documents 1 and 2 (Figures 1-4) show the typical structure of a cremation fur-
nace with a coke-fired gasifier. The drawings are those of the Wilhelm Rupp-
mann Company of Stuttgart (Germany) for the furnace installed at Biel'® (Swit-
zerland) in 1911.%

The furnace consisted of gasifier A (Generator), a cremation chamber L
(Verbrennungsraum, also called muffle) with its post-combustion chamber be-
low (Nachglihraum) and the heat recuperator (Rekuperator). In front of the
chimney there is also a pilot hearth (Lockfeuer), also called chimney hearth
(Kaminfeuer) — not shown in the drawings — which served mainly to activate
and reinforce the draft and for the post-combustion of the flue gases.

The operation of the device under normal conditions was as follows: Before
the gasifier was lit, the damper S of the flue duct was opened and the pilot
hearth was lit. Next some wood and a little coke were lit on the grate N of the
gasifier. Once the coke had started to glow, more fuel was added through the
loading chute B. Heating of the initially cold furnace up to the temperature at
which the corpse would be loaded (800°C) took about three hours and required
some 260 kg of coke.

During the preheating phase the air vents stayed closed, and only Vent T of
the hearth was open. The gases from the gasifier entered the muffle through the
outlet of the gasifier, flowed into the post-combustion chamber and Duct Z and
then onward into the heat recuperator and from there via the flue into the chim-
ney. The heat recuperator consisted of a number of channels made of refractory
brick, some of which were traversed by the exhaust gases in a downward direc-
tion while the others were traversed by the incoming combustion air in an up-
ward direction.

When the furnace had reached its operating temperature, Door K was opened
and the coffin introduced into the muffle. The coffin was placed onto the muffle
grate, which consisted of 9 transversal and 2 longitudinal bars of refractory clay.
Because of the high temperature of the muffle, the coffin caught fire as soon as
it was introduced into the chamber and burned rapidly, leaving the corpse on the
grate exposed to the flow of the combustion gases from the gasifier, which trav-
eled through the muffle with a high temperature.

At that time the evaporation of the corpse’s body water and the gasification
of its combustible components began, followed by the combustion as such. The
combustion residues fell through the grate into the post-combustion chamber,

13 The French name of the town is Bienne, as it appears in Documents 54 and 56.
14 Cf. the account of the test cremation for this furnace in Section 2.2.6.
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where they continued to burn. When the flames had died down, the glowing
cinders, by means of a rake introduced through the upper opening of the ash
chamber, were raked forward from the inclined plane into the Receptacle H,
where they burned out little by little.

The operation of the furnace was controlled by means of a number of devic-
es (air vents, fire doors, dampers of the flue ducts, and the pilot fire). During
their passage through the heat recuperator, the hot combustion gases transmitted
some of their heat to the brickwork, heating it up. The combustion air entering
the recuperator through the air vents at D was warmed up in the upper part of
the furnace, traveled through duct E, and then a part of it entered the muffle
through Openings F, whereas the remainder entered the top of the gasifier
through the Openings G. Here the air mixed with the hot combustible gases
produced during the coke gasification in the generator, and the mixture of burn-
ing gases and flames then flowed into the muffle striking the coffin and the
corpse.

In order to reduce the formation of slag, Vessel P, located beneath the hearth
grate, is filled with water. This water evaporates and rises as vapor through the
hearth grate and the glowing coke; the heat breaks up the water vapor, and sub-
sequently both the grate and the ash cool down,*® thus reducing the formation of
slag. In this way, “water gas” is also generated in the gasifier (see next subchap-
ter):

C+H0s CO+H;

2.2. General Theoretical and Structural Principles

2.2.1. The Gasifier®

The gasifier is a vertical chamber lined with refractory material on the inside.
The hearth is in its lower part and consists of the grate and the door for the pri-
mary air and the removal of ashes and slag. In its upper part the chamber tapers
off on one side into a duct (the neck of the gasifier) through which the products
of the coke gasification enter the muffle and, on the other side into a vertical or
slanted chute connected to the outside through which the coke is fed into the
gasifier.

The function of the gasifier is the gasification of coke, i.e. its transformation
into combustible gases, in this case into generator gas or water gas.

The generator gas is formed during the incomplete combustion of the coke,
according to the following reaction:

C+% 02 < CO + 29.2 kcal

This is brought about by having air pass through a layer of glowing coke. Ini-
tially, in the lower layers of the coke, carbon dioxide forms in the presence of
sufficient oxygen according to the following reactions:

15 The evaporation of 1 kg of water absorbs about 3,800 kcal.
16 The following description is based on Enciclopedia Curcio..., vol. 5, p. 1842; Giua 1948, vol. I, p.
382; Bordoni 1918, pp. 51-54; Heepke 1905b, pp. 31ff.
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C+ 025 CO2 +97.2 keal
2CO - C+ CO2 +40.9 kcal

In the upper layers, on the other hand, carbon monoxide is formed due to the de-
ficiency of oxygen according to the following reaction:

CO2+C < 2 CO - 38.8 keal

Thus CO is produced by the direct reaction of C and O and by the reduction of
CO.. The CO of the generator gas formed in this way leaves through the neck of
the gasifier and — just before it enters the muffle — reacts with the preheated out-
side air (secondary combustion air) to form CO; once again, giving up part of
its heat to the muffle. Then the combusted gases pass through the post-combus-
tion chamber, enter the recuperator, then the flue and finally the chimney.

The composition of the coke depends, of course, upon the type of coal from
which it was made and upon the type of coking.

Leaving aside the minute quantities of hydrogen, oxygen, nitrogen and sul-
fur which the coke still contains and considering only the carbon, 1 kg of C re-
quires 2.667 kg of O and hence:

2.667 22 = 11.50 kg of air, [28]

assuming a composition of air as being 23 kg of O, and 77 kg of N2 for 100 kg
of air. Thus, the 11.59 kg of air contain
11.59 — 2.667 = 8.923 kg of Ny. [29]

In the lower layers of the glowing coke in the gasifier, the gas is therefore gen-
erated according to the reaction

1 kg of C + 11.59 kg of air — 3.667 kg of CO; + 8.923 kg of No.
In successive layers we have accordingly the transformation of CO; to CO:
3.667 kg CO, +8.923 kg N2 + 1 kg C — 4.667 kg CO + 8.923 kg Ny,

and the pure generator gas therefore contains, in theory,

100

4.667 - 7667 + 8.923)

= 34.34% of CO [30]

and
100 — 34.34 = 65.66 % of N,. [31]

Normally, though, one obtains from the coke a generator gas having the follow-
ing average composition: CO = 26%, N2 = 65%, CO; = 2.8%, SO, = 0.2%, CH4
= 1.5%, Hz = 0.5%.1" The Lh.v. of this gas is about 1,000 kcal/Nms3, the density
is about 0.97 relative to air.

17" The sum of these percentages yields 96%. The rest consists of other gases, among them oxygen and
water.
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Thus, 2 kg of C will produce 4.667 kg of CO, but if we assume an effective
yield of 26%, we obtain only

4.667 - 26
34.34

= 3.53 kg of CO. [32]

Exactly 0.5714 kg of O are needed for the complete combustion of 1 kg of CO
into COy, i.e.

0.5714 - 100

>3 = 2.484 kg of air. [33]

The products from this combustion are:
1 kg of CO + 0.5714 kg of O» — 1.5714 kg of CO>
2.484 kg of air — 0.5714 kg of O, — 1.9126 kg of N>

With preheated air and perfect mixing, the theoretical Excess Air for the com-
bustion of CO into CO; is at most 10%, but in practice the Excess Air is over
50%.

If 1 kg of CO is completely converted into CO2 by combustion, 2,449 kcal
are generated. If a reservoir of water is placed under the grate of the hearth, the
gasifier will produce water gas.

Water gas is a mixture of carbon monoxide and hydrogen and results from
steam being passed through a coal or coke bed heated to around 1,000°C. The
corresponding reaction is as follows:

C + H,0 < CO + H, — 28.6 kcal
Below 600°C, the reaction produces a mixture of COz and H:
C +2Hy0 < CO; + 2 Hy — 18.0 kcal

In order to keep the latter from happening, it is necessary to maintain the bed of
coke at a sufficiently high temperature. The water gas which is generated ac-
cording to the first of the above two equations would theoretically be a mixture
of equal volumes of carbon monoxide and hydrogen with a calorific value of
2,810 kcal/Nm3. Under actual conditions, however, it has the following compo-
sition (by volume): CO = 38.5%; H, = 52%; CH4 = 1%; CO; = 4.5%; H,S =
0.2%; N2 = 3.8% and a calorific value of 2,650 kcal/Nm3. Its density is 0.5330
relative to air; one Nm?3 has a mass of 0.689 kg.

In a device like the Schneider Furnace (cf. Chapter 3) with a water container
of some 0.2 to 0.4 m3 placed beneath the hearth grate, an increase of 5 to 15% in
the calorific value of the gasifier gas was obtained.

2.2.2. The Cremation Chamber or Muffle

The muffle is a horizontal combustion chamber, the upper part and ceiling of
which are made of refractory bricks. In the earliest models its dimensions were
as follows (cf. Document 3):
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Width: 850 — 1,000 mm

Height: 800 - 900 mm

Length: 2,200 — 2,500 mm
The “Norms for the construction and operation of furnaces for the cremation of
human corpses” of 1937 specified the following minimum dimensions (cf.
Chapter 8):

Width: 900 mm

Height: 900 mm

Length: 2,500 mm
The muffle is closed at its front end by a door made of refractory clay which
slides sideways along a special track. An outer door is located in front of that
sliding door.

Because the front end of the coffin caught fire as soon as it entered the muf-
fle and because smoke formed on account of the varnish, later models were
equipped with a hood above the door which collected this smoke while the cof-
fin was introduced, and discharged it to the exterior.

In its rear portion the muffle is linked to the gasifier by means of the gasifier
neck. Its bottom consists of a grate of refractory clay, usually with longitudinal
and transversal bars on which the coffin rests.

Beneath this grate is located the inclined plane on which the residues of the
corpse burn out completely after having fallen through the openings of the
grate. This inclined plane for the ash has at its front end a space for the ash con-
tainer. The ash is moved into this container by means of a suitable rake.

In the 1930s a post-combustion grate for the ash was placed at the front end
of the inclined plane.

The walls of the muffle underneath the grate of refractory clay are inclined
towards the center, thus forming a small chamber (post-combustion chamber)
which receives the remains of the corpse. The walls of this chamber have perfo-
rations for the discharge channels through which exhaust gases flow into the re-
cuperator.

Some systems with an indirect heating system had furnaces with a shutter
made of refractory material which closed the opening leading from the gasifier
to the muffle. The gasifier gas could thus be diverted through appropriate chan-
nels around the muffle in order to heat the latter merely indirectly from the out-
side. This device served to keep the combustion gases from coming into direct
contact with the corpse in accordance with Prussian legislation in force until 24
October 1924 (cf. Chapter 4).

2.2.3. The Recuperator

The recuperator (cf. Documents 1 and 2, Figures 1 and 3) is a heat exchanger
made of refractory material with a mass of 7,000 to 8,000 kg, placed in the low-
er part of the furnace, with usually two levels. It consisted of two counterflow
systems of intertwined channels with an appropriate upper opening in the muf-
fle and the lower opening at the furnace’s bottom. The exhaust gases from the
muffle flow in a downward direction while the combustion air from the outside
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flow in an upward direction. In that process the combustion gases transfer some
of their heat to the channel walls. As a result of this, the heat disperses through-
out the entire recuperator by way of conduction, with its temperature varying
between 400 and 600°C or higher.

In older furnaces equipped with an entirely indirect heating system, the re-
cuperator was preheated, just like the muffle, to a temperature of 1,000°C, after
which the arrival of the combustion products of the gasifier into the muffle was
stopped. The combustion air moved upwards through the recuperator while get-
ting heated and entered the muffle at basically the same temperature.

In the furnaces of the 1920s and 1930s, which usually worked with semi-
direct or direct processes,'® the recuperator was heated to a considerably lower
temperature, and the heat needed to bring the cremation to an end was provided
by the radiation from the muffle walls and by the gas coming from the gasifier.

In the Klingenstierna Furnace (cf. Chapter 3) the recuperator consisted of a
bank of metal tubes directly exposed to the flames and the exhaust gases from
the muffle, thereby becoming red-hot, with the combustion air flowing through
the tubes; in the modified type produced by Gebriider Beck of Offenbach, the
tubes were replaced by a recuperator of refractory clay.

The Siemens furnace of the Gotha Crematorium (cf. Chapter 3) did not have
a recuperator, but a regenerator. A regenerator is a heat exchanger working in-
termittently and consisting of a structure of refractory bricks with a system of
channels linking the muffle and the flue duct as in the case of a recuperator, but
— as opposed to the latter — all channels are alternately traversed by either the
exhaust gases from the gasifier in a downward direction or by the combustion
air in an upward direction. Not having separate channels for the exhaust gases
and the combustion air, the regenerator is operated discontinuously, with alter-
nating heating and cooling phases. The exhaust gases from the gasifier flow
through it only while the furnace is being heated up. When the latter has
reached its operating temperature and the coffin is introduced into the muffle,
the combustion gases are shunted directly to the chimney through appropriate
channels. Combustion air is then heated by being made to flow upwards through
the regenerator. It strikes the coffin and the corpse at a temperature of 900 to
1,000°C. During this process the regenerator cools down and has to be heated
up again before the next cremation (Schlépfer 1937, p. 8; Kaiserliches Pa-
tentamt, 1913b).

In order to allow such a system to operate continuously, two regenerators
working in tandem are necessary, as in F. Siemens’s patent referred to above
(cf. Chapter 3). Here, the exhaust gases from the muffle and from the gasifier
are discharged through a second regenerator that heats up while the combustion
air flows into the muffle through the first regenerator, cooling it down. In this
way one of the regenerators is always hot in each phase of the cremation.

Because of the impracticality of such a system, nearly all cremation furnaces
operate using a recuperator.

8 For the definitions of these terms see Chapter 4.
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During the cremation experiments run in the Biel Crematorium by the engi-
neer Richard Kessler at the end of the 1920s, it was established that the recuper-
ator had another important function: the post-combustion of gases leaving the
muffle not completely burned (cf. Chapter 4).

2.2.4. The Chimney*®

The discharge of the exhaust gases from the furnace is assured by a system con-
sisting of a flue (Fuchs) and the chimney (Schornstein), sometimes supplement-
ed by a pilot flame (Lockfeuer) or a forced-draft device (Saugzuganlage).

In accordance with the findings of the furnace specialist Beutinger, the flue
duct, i.e. the link between the furnace itself and the chimney, must be lined in-
ternally with refractory material. It must also have a sufficient number of open-
ings for cleaning; wherever possible, these apertures must be equipped with a
double lid to avoid leakage of ambient air into the duct.

At the point where the flue duct enters the chimney or possibly even up-
stream of this point, Beutinger recommends the installation of a throttle, moving
vertically, which allows control of the draft by increasing or decreasing the
cross-section of the duct in keeping with the operating conditions.

The pilot flame must be placed at the bottom of the chimney; its function is
to heat the layers of cold air above it and to force up the cold air which is in the
duct and the furnace itself. Besides activating the draft when the furnace is cold
or has difficulties on account of adverse atmospheric conditions, this flame also
serves for the post-combustion of the smoke.

In the furnaces built in the 1920s and 1930s, the pilot flame was usually re-
placed by a forced-draft device, a blower placed at the base of the chimney in
such a way that it created a lower pressure in the flue compared to the furnace.
Such an effect could be achieved in one of two ways (Enciclopedia Curcio...
1973, vol. 8, p. 3247):

“One can either have all the combustion products pass through the blower, or

one can place the blower in a shunt. It would then draw in only a portion of the

flue gases, ejecting them at high velocity into the base of the chimney, which has
to have a converging/diverging shape, like a venturi. The jet produced by the
blower drags the flue gases along at a high speed; in the diverging part of the
duct the air velocity drops, and the kinetic energy is transformed into pressure
energy. The output pressure of the blower has to be such that it overcomes the
resistance in the duct caused by friction, by elbows etc.”
If several furnaces operating simultaneously are to be installed, it is necessary to
build separate chimneys; a common chimney is not advisable because in the
case of partial operation its cross-section and hence the cooling effect would be
too large, especially if one furnace is taken out of service.

In some cases, a damper can be installed in the upper part of the chimney to

prevent cold air and humidity from entering. Large obstructions at the head of

¥ This subchapter is based on: Beutinger 1911, pp. 143-146; Heepke 1905b, pp. 67-75; Bordoni 1918,
pp. 43, 56-62, 224-225, 230-234; Lebrasseur 1922 , pp. 56f.; Salvi 1972, pp. 617-622; Enciclopedia
Curcio... 1973, vol. 8, p. 3247.
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the chimney should be avoided because they can lead to a reduction in the draft,
mainly through the formation of air eddies and downdrafts beneath any such
large protuberances. If the chimney does not have an outside brick covering, it
must have a layer of insulation on the inside, possibly made of refractory mate-
rial. If the temperature of the gases at the bottom of the chimney is expected to
reach 500°C, the chimney has to be clad internally, over the lower third of its
height, by a layer of refractory bricks set with refractory mortar.

In the case of a cremation furnace with a coke-fired generator the main func-
tion of the chimney is not the discharge of the exhaust gases but the creation of
sufficient draft to provide enough combustion air at the grate of the hearth. In
fact, the highest resistance that the combustion air encounters resides in the
grate and the layer of coke. The resistance of the grate depends on the air flow-
rate and on the open cross-sectional area of the grate. A theoretical equation has
been proposed by M. Lebrasseur:

H=v-V2(N2-1) [34]
where H = resistance

vy = specific density of the air

V =air velocity

N = open cross-sectional area of the grate
The resistance of the layer of coke on the grate depends on the mass of the coke
and the thickness of the layer. According to M. Lebrasseur, this resistance, H,
can be expressed as

c-l-P2
100 [35]

where c is a factor taking into account the size of the pieces of coke, | is the
thickness of the layer and P the mass of coke per 1 m? of grate surface (Lebras-
seur 1922, pp. 56f.).

The draft of the chimney can be natural or artificial. Natural draft is caused
by the density difference — and hence by the temperature difference — of the
fumes entering the chimney at its base and the ambient air at the top of the
chimney. The hot gases, having a lower specific density than the surrounding
air, cause an updraft, which in turn creates a reduced pressure at the base of the
chimney.

The draft is measured in mm of water column, 1 mm of water column being
equivalent to a pressure of 1 kg per square meter (10 m of water column rough-
ly equals atmospheric pressure near sealevel). The measuring instrument is
called a vacuum indicator. In its simplest form, it is a glass U-tube filled to half
its height with colored water. One end of the tube is connected to the inside of
the chimney while the other is open to ambient air. The level difference between
the two parts of the glass tube represents the draft of the chimney and is given in
mm of water column (mm Wassersaule, mmWs, in the German literature). The
draft can also be measured electrically by means of an instrument with a scale in
the form of the arc of a circle (Cantagalli 1940, p. 86).

H=
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According to Heepke, for cremation furnaces with coke-fed gasifiers the
minimum allowable draft is 10 mm of water column, the maximum 30 mm. The
draft is a function of the height of the chimney according to Salvi’s equation:

_ 1 1
E=129- (1 +0.00367 - ta ~ 1+ 0.00367 - tf) “he [36]

where E = draft
h.= height of chimney
t, = temperature of ambient air
tr = temperature of fumes

This equation also allows calculating the height of a chimney as a function of its
draft:

E

he=

= 1 1
1.29 - ( 11000367 6 1 +0.00367'If)

[37]

For example, assuming he = 20 m, ta = 10°C, t; = 300°C, the draft would be
equal to 12.6 mm of water column. With such temperatures, the height of the
chimney should be at least 16 m for a draft of 10 mm of water column to be at-
tained. In practice, however, the height should be greater in order to overcome
pressure losses in the flue and the chimney due to friction.

The cross-sectional area of the chimney is also very important, because it de-
termines the velocity of the gases passing through the chimney. This velocity
varies with the square root of the draft, and normally has an order of magnitude
of 3 to 5 meters per second, depending on the size of the plant.

The recommended cross-sectional area of the chimney can be derived from
Colombo’s equation:

_F-V-(1+a-t)

q= 3,600 sec/hr - v [38]

where g= cross-sectional area of the chimney, in m?2
F= fuel consumption in kg/hr
o= 1/273 °ct
t= fume temperature at the chimney base in °C
V= volume of the fumes in Nm?3/kg fuel
v= exit speed of the fumes at the chimney top, m/sec

Heepke proposes the following equation for the calculation of the exit velocity
of the gases discharged:

_ G:B-(l+a-t)
V' =1293-3,600sec/hr - q -y

[39]

where G = mass of gas generated by combusting
1 kg of coke (with Excess Air ratio m = 2)
B = mass of the coke in kg
g = cross-sectional area of chimney
v = density of the gas

2.2.5. Drying Out a New Furnace

The drying out of a newly built cremation furnace is a rather delicate operation.
If it is done poorly, it can lead to damage in the wall structure of the plant. In his
classic work on cremation, Beutinger describes it as follows (1911, p. 127):
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“Since a large quantity of water is introduced into the body of the furnace dur-
ing the construction of the furnaces, a thorough drying out is therefore neces-
sary after its completion, including the flue duct and the chimney. The drying
operation is to be done slow |y, because an intensive and rapid heating would
lead to the generation of large quantities of water vapor, the pressure of which,
under some circumstances, would lead to individual parts of the furnace being
torn apart, or to the formation of cracks, which could potentially lead to the dis-
charge of gas or smoke from the furnace. Even the most-solid structure and the
best anchorings themselves could be damaged. Therefore, it is expedient to leave
the drying of the furnace to the builder of the furnace, which takes several
weeks, after all; the slower it occurs, the better the probable future longevity of
the furnace. In the beginning, only a small fire with wood shavings may be used,
to which thin pieces of wood are added a little later, from the third day onward.
After the first week, a stronger wood fire can be maintained, with all flue ducts
wide open in order to allow the hot air to remove the water vapor forming. After
a steady increase of the heat, the furnace is dried out completely by adding step
by step small quantities of coke to the wood, in order to achieve a complete dry-
ing out of the furnace.”

2.2.6. Test Cremations

The test cremation is a means for testing the proper functioning of the furnace.
In this respect, architect Beutinger writes (ibid., pp. 127f.):

“Before the test cremation, it is necessary to check the furnace thoroughly, in-
cluding the control devices, the closures, the introduction trolley, etc. If the fur-
nace has been idle for some time, the chimney has to be prewarmed by means of
the pilot fire to ensure a good draft. The test run must be made by the builder of
the furnace who also trains the operating personnel at the same time. Minutes of
the test cremation and its results are kept, recording the various phases of the
combustion and their progression. The generation of smoke and the composition
of the ash must be recorded.

With respect to the development of smoke from the chimney, it must be kept in
mind that, for all such systems, smoke is favored both by a lack of air and by an
excess of air, because the latter state leads to a lowering of the furnace tempera-
ture and hence to a decrease in the ability of the gases to ignite.

For the heating and the cremation test, the furnace is warmed up in accordance
with its operating instructions and brought to its necessary temperature. The
weight and the quality of the fuel used for heating up and for the cremation as
such must be checked and recorded in a similar way as shown on pages 116 and
117.

For the cremation any kind of animal carcass can be used, for example a horse,
whose overall size and whose weight percentage of flesh, bones and also of the
parts which burn rather poorly, such as the heart, the lungs, the liver, corre-
spond roughly to the proportions in the corpse of a human adult.

The carcass is placed in a coffin-shaped box made of dry wooden unplaned
boards, 15-18 mm thick, like those used for coffins, 1.90 m in length, 0.60 m
wide and 0.50 m high. It is best to use a coffin made according to the general
practice. The weight of the carcass, its type and the various portions of its indi-
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vidual parts such as bones, flesh, heart, lungs, fat etc., as well as the weight of
the coffin must be recorded, and the various phases of the combustion verified
during the entire process of the cremation. Seger cones for temperatures be-
tween 900 and 1100°C must be placed at appropriate locations in the cremation
chamber to establish the temperatures reached on the basis of their melting.
When the inside of the furnace has reached the temperature necessary during
preheating, the carcass is introduced and must be observed constantly through
the inspection opening. The ash is collected in the space provided, and its com-
position is examined. The test cremation must be carried out in the actual pres-
ence of the supervising authority. Depending on the outcome of the cremation,
for which minutes are drawn up and signed by the public authorities present, the
use of the furnace for the cremation of human corpses is authorized. ”

As an example | reproduce the minutes of the test cremation of the Ruppmann-
type cremation furnace with a coke-fed gasifier at the Biel Crematorium (Nagel
1922, p. 40):
“Protocol
of the test cremation carried out in the crematorium at Biel at 2 p.m. on Friday,
25 August 1911.
The president of the cremation association of [the city of] Biel reads to those
present the text of the supply contract. Then, around 2:25 p.m., a coffin filled
with animal remains is introduced into the furnace. The furnace had been lit at
10 a.m. and had been ready for use for two hours. The experts ascertained a
temperature of around 1000°C on the basis of the Seger cones placed inside it.
The coffin contained some 80 kg of meat supplied by the administration of the
Biel Slaughterhouse, consisting of 85% of soft tissue and 15% of bones.
The introduction of the coffin by means of the Ruppmann trolley was very
easy. The closure plate works well and shuts immediately upon introduction of
the coffin into the cremation chamber. The doors of the furnace were closed.
Through the inspection ports in the front of the furnace one can see that the cof-
fin catches fire immediately, and intense flames develop. At that moment, a little
smoke can be observed above the chimney. Later, too, there is at times a little
smoke, but it is barely visible.
At 5:25 p.m. it can be seen that the contents of the coffin, except for a few small
pieces, have been completely reduced to ash. In the post-combustion chamber
the bones can be seen, i.e. the incinerated remains of the bones, in an incandes-
cent state.
Due to the advanced time of day, Mr. Lanz, as a member of the commission for
sanitation, is asked to examine the ashes the next day.
The management [of the crematorium] finds that the furnace is working well,
and that the large masses and the well-compacted pieces of flesh have been con-
sumed by the flames in a relatively swift fashion.
Biel, 25 August 1911.
The Biel Association for Cremation:
The President: (signed) Albrecht
The Secretary: (signed) Fehlmann.”
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3. Origin and Development of Modern Cremation
Furnaces

Corpse cremation was practiced in Europe as early as a thousand years before
Homer (Schuchhardt 1920, p. 502) and continued to be practiced up to the year
785 AD, when it was prohibited, under pain of death, by the Paderborn Decree
(Capitulare Paderbrunnense) of Charlemagne (Pauly 1904, p. 8). Over the fol-
lowing centuries the cremation of corpses fell completely into disuse as a funer-
ary habit throughout Christian Europe.

The idea of cremation of corpses arose again during the French Revolution,
but did not take hold before the second half of the 19th Century. In its session of
the 14th Floréal of Year VII (3 May 1799), the central administration of the
Seine Department promulgated a decree giving complete freedom to the citizens
to have their own corpses buried or cremated, and even proposed to have a
“resting field” arranged on Montmartre where solemn incinerations of corpses
could be practiced without the use of wood, but using “furnaces ingeniously
prepared by modern chemistry.”? Two drawings of this monumental crematori-
um (before the word came into use) have survived (Documents 4 and 5; Reber
1908).

The birth of the movement for the cremation of corpses can be traced back
to 1849, when the philologist Jakob Grimm gave a memorable speech on this
subject at the Berlin Academy of Sciences. The speech was a long and learned
treatment on the funerary customs (cremation) of ancient peoples, full of quota-
tions in Greek, Latin and Old Saxon.?* The idea was picked up by Prof. Jakob
Moleschott in 1852 and by Dr. Francesco Coletti in 1857 (cf. his Memoria) and
enthusiastically spread by untiring pioneers such as Army Surgeon J.P. Trusen,
Prof. Richter, Prof. Reclam and Prof. Kiichenmeister, and in Italy by Du Jardin,
Bertani, Castiglioni and by the selfsame Coletti during various conventions
which took place between 1858 and 18609.

In this chapter | will not describe the history of modern cremation — a great
many books have already been published on this topic as listed in the present
book’s bibliography — but rather a specific history of cremation installations. |
shall therefore limit myself to the essential historical points.

In Europe, the first cremation in a cremation furnace took place at Dresden
on 9 October 1874 in an experimental furnace built by Siemens. At that time the
corpse was that of an Englishwoman, Lady Dilke, the wife of the Secretary of
State Dilke. It was followed on 6 November by the cremation of the wife of the
Medical Councillor D. Thilenius of Wiesbaden as well as several other crema-
tions before such experimental incinerations were stopped by the government of
Saxony (Pauly 1904 p. 18).

2 On the Seine Department’s decree see in detail Lacassagne/Dubuisson 1874, pp. 32-35. “Floréal” was
the name of a month in the revamped calendar of revolutionary France.

2L The speech, entitled “Uber das verbrennen der leichen” (“On the cremation of corpses”) was pub-
lished the year after (Grimm 1850).
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Italy soon placed herself in the vanguard of the modern cremation move-
ment, both from the legal and the technical points of view. The principle of
corpse cremation was recognized in that country by the sanitary regulations of 6
September 1874 (Pini 1885, p. 16).

Cremations spread rapidly in the United States. The first crematory was
erected in Washington, D.C. in 1876. In 1895 already 19 crematories existed
there (Probst 1895; Guilbert 1895).

In France cremations were once more legalized on 15 November 1887, but
effectively only on 27 April 1889 with the promulgation of governing regula-
tions.??

Since 1874, the proponents of cremation in England highlighted its ad-
vantages compared to burial from the point of view of health and hygiene
(Eassie 1874), but in 1881, changing the law that prohibited the construction of
crematoria was still being discussed.?

The 1870s saw a massive amount of work being done in this field, theoreti-
cal as well as experimental, and various types of furnaces were built. Modern
cremation had to fulfill numerous ethical, esthetic and economic requirements.
The general congress on cremations held at Dresden on 7 June 1876 specified
the following principles (Pauly 1904, pp. 14f.):

1. Cremation must be complete and must not leave any charcoaled remains.

2. Cremation of corpses must be carried out only in installations expressly built

for this purpose.

3. No malodorous gases must be generated; cremation must hence be odorless.

4. The ashes must be white, clean and easy to collect.

5. The cost of the equipment and of the cremation must be as low as possible.

6. The equipment must be able to allow several cremations in succession. ”

The first European crematorium was built in Milan in 1875. It was equipped
with a Polli-Clericetti Furnace and inaugurated on 22 January 1876 with the
cremation of the corpse of Alberto Keller.?* The first crematorium in Germany
went into service at Gotha on 10 December 1878.

The pioneers of cremation were confronted with a serious problem. The
hopes and the disappointments that accompanied the first experiments using an-
imal carcasses are vividly described by the words of Dr. Gaetano Pini (Pini
1885, p. 128):

“We, who were present at the first experiments of Polli (12 June and 12 Decem-

ber 1872) and of Gorini (1 September 1872), have not forgotten the illusions

and the discouragements we experienced, shut in for hours as we were in that
small space as we anxiously and restlessly awaited the results of the trials with
animals. How long it took to burn that beast! What a foul smell there was! How
much smoke! And yet, each new experience seemed like a victory to us, and

22 “La crémation & Paris” 1891. About the early history of cremations in France see “La crémation des

morts...” 1888 (twice); “Crémation” 1889; Salomon 1893; “La crémation” 1890; Rochard 1890;

“Crémation” 1892.

“A Discussion...” 1891; the origins of cremation in England are well outlined in Thompson 1884.

2+ Pini 1885, p. 30; Paolo Gorini (1876, pp. 79-107) dedicated many pages to the narration of the ante-
cedents and the description of the event.

23
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without doubting the difficulties which we still had to overcome, we thought we

had reached our goal.”

Soon, the first experimenters realized that the cremation of a human corpse was
an even-more-difficult problem. Dr. Pini wrote in this regard (ibid., p. 129):

“The disappointments began with the first tentative incinerations of human

corpses. Experience then taught us that there was still a long road ahead of us

before we would be able to burn a human body completely within a short time

and at little cost.”
One of the most-diligent and -tenacious pioneers was Paolo Gorini, who since
1872 had experimented with the complete combustion of body parts in a cruci-
ble with “incandescent volcanic liquid” or “volcanic matter in a state of fusion”,
a procedure that he had to give up because it was impossible to obtain a crucible
large enough to contain a whole corpse (Gorini 1876, pp. 70-75). From June 12
to July 1, 1875, he performed 17 cremations of entire corpses in an apparatus of
his invention that he gradually improved, until it became the “Lodigiano Crema-
tory” (see below); ten of these cremations he described with great care (ibid.,
pp. 130-197).

The first types of cremation equipment used in Italy employed muffles. The
corpse had to be placed into a metal cylinder heated on the outside by coke (Du
Jardin, 1867) or city gas (Polli-Clericetti).?®

Brunetti’s device (1873) consisted of four little walls of ordinary brick, mak-
ing up the hearth, upon which was placed a thin sheet of steel which covered
only a small part of the hearth. Above it was a large hood linked to the chimney.
The corpse was tied to the steel plate with wire to keep it from falling off on ac-
count of sudden muscular contractions during the burning. On the hearth, below
the steel sheet, a fire of wooden logs was lit. The flames caused the steel sheet
to glow and surrounded the corpse from both sides. Cremation took about six
hours.?®

The Polli-Clericetti Furnace, enclosed in an “urn” in the form of an antique
sarcophagus (Document 7), consisted of a cremation chamber with a horizontal
grate on which the corpse was placed. It had 217 nozzles of air and gas, the jet-
like flames of which impinged directly on the corpse and heated the chamber to
a temperature of 1,100°C. This furnace was set up in the Milan Crematorium
and used for the cremation of Alberto Keller?” and for another two cremations.?

% Pini 1885, pp. 130f. A detailed description is given by Wegmann-Ercolani 1874, pp. 30-33. In this
work one can also find the drawing which I have reproduced as Document 6.

% Pini 1885, p. 132. The first experiments by Lodovico Brunetti are described in detail in Pini 1973; the
following has been taken from Pini 1885, pp. 128-171, unless otherwise stated. Cf. also de Cristoforis
1890, pp. 56-135; de Pietra Santa/de Nansouty 1881; Vallin 1880, pp. 854f.; Maccone 1932, pp. 102-
124; Eassie 1875 presented an accurate description of the early years of cremations in Italy, Switzer-
land, France, Belgium, Austria, Germany, the U.S. and England (pp. 68-88) and of the first cremation
devices with special reference to the Siemens Furnace (pp. 89-126). See also Rolants 1910; du Mesnil
1877; de Pietra Santa 1888a-c.

2" Polli 1876a; “La prima cremazione...” 1876. The cremation lasted one hour and 30 min.; the corpse
weighed 60 kg and resulted in 3 kg of ashes.

2 The second cremation was that of the corpse of Anna Pozzi Locatelli, who weighed 50 kg and pro-
duced 3.6 kg of ashes. The cremation took one hour and 45 min. Polli 1876b; “La seconda crema-
zione...” 1876. The third cremation was that of the corpse of a man of 71 years of age from a hospi-
tal; the cremation took two hours and 30 min.; the corpse weighed 43 kg and left 2.3 kg of ashes. G.
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On account of its excessively high costs, it was dismantled afterwards and re-
placed by a Betti-Terruzzi Furnace in 1877. This device was a muffle furnace
consisting of a cast-iron cylinder located in the center of a large coke-fired fur-
nace. When the cylinder started to glow, the corpse was introduced through a
kind of steel guide rail. Cremation was fairly complete, but the process took at
least five hours and the costs were high. After nine cremations, this type, too,
was demolished.

The Cadet Furnace (Document 8), another muffle device, was used only for
experiments with animal carcasses.

The Muller-Fichet Furnace (Document 9), shown at the Paris Universal Ex-
hibition of 1878, consisted of a muffle made of refractory brick (f) into which
the coffin (g) was placed. It was lined below and on the sides with refractory
bricks (e) which acted as heat accumulators. The muffle was made white-hot by
means of the combustion products coming from a large gasifier (a) with a
stepped grate, and then the coffin was introduced.

The Lagénardiére Furnace (Document 10) with its center muffle and two lat-
eral coal-fed hearths and a recovery system for the hot gases was never used for
cremation experiments.

The Kopp Furnace was based on the same principle as the Betti-Terruzzi
type, but had a muffle made of refractory brick. It was set up in the Washington,
D.C., crematorium. Six hours were needed for a complete cremation.

The Gorini Furnace (Document 11), called “Lodi furnace,” was based on the
principle of direct combustion with live flames. It worked in the following way:
after placing the corpse in the cremation chamber (C) through the door (E), a
small auxiliary fire was lit on the auxiliary hearth (G) which burned throughout
the duration of the cremation, first as a pilot flame, later as a post-combustion
fire for the exhaust gases. After three or four minutes, furnace (A) with its grate
and ash receptacle (B) was lit. The flames from the fuel, normally consisting of
bundles of wood, struck the corpse lengthwise. The combustion products flowed
down into the discharge duct (F) through the auxiliary hearth (G) where any
unburnt gases were consumed and then left through the chimney (H). The cre-
mation chamber had lateral ports (L) for the direct induction of combustion air.
The draft of the furnace was controlled by a damper located in the chimney. The
prototype of this furnace was inaugurated in the Riolo crematorium on 6 Sep-
tember 1877. The duration of one cremation was generally between one and a
half and two hours, with a wood consumption of 100 to 150 kg. The Gorini fur-
nace inaugurated on 15 December 1887 at the cemetery of Pére-la-Chaise?® in
Paris (Document 12), used 300 to 450 kg of wood for one cremation, which
lasted on average one hour and 45 min.*°

The Venini Furnace was the first Italian device using a coke-gas generator
(gasifier). As can be seen from the drawings (Document 13), it was a rather
complex piece of equipment. The cremation was brought about by the flames

Polli 1877.

2 Today it is spelled Pére-Lachaise.

%0« a crémation a Paris” 1890. The device and the first three experimental cremations, including an
analysis of the fumes, were accurately described by du Mesnil 1888.
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coming from a mobile gasifier and reaching the cremation chamber after having
passed through a connecting duct; they struck the corpse directly. The introduc-
tion temperature was 800°C, and the duration of a cremation was normally one
hour and a quarter.

The mobile Rey Furnace (Document 14) was practically a Gorini Furnace
mounted on a sheet-metal cart, lined internally with refractory brick and having
a hearth at its far end. The corpse was fed into the front end by means of a suit-
able metal trolley.

Another mobile cremation furnace, although never used, was presented dur-
ing the Brussels Hygiene Exposition in 1876 by Kuborn & Jacques (Documents
15, 15a). It consisted of a sort of locomotive that could also move on roads. It
was internally lined with refractory material, which contained two inclined
ledges. Below them were two adjacent hearths, and the smoke conduit connect-
ed to a vertical chimney stuck out of the car’s roof. The plant could cremate a
dozen corpses at a time. The first hearth heated the ledges with the corpses, and
the combustion products passed on to the second hearth, which burned them
completely; then they went out the chimney (du Mesnil 1877).

The Guzzi Furnace (Document 16) brought together the principles of direct
cremation by means of live flames and of indirect cremation by means of clean
hot air, of which | shall speak later. In this device, the cremation chamber (A)
was heated either by the combustion products coming from the hearth (D) or by
hot air heated in the regenerator (B). The primary combustion air entered the
furnace at the front, ahead of the introduction damper (V), through an opening
(K) linked to a channel running above the cremation chamber (L), and fed, pre-
heated, into the ash-box (N) beneath the grate (E) of the hearth. The grate was in
a slanted position and rested on a water-filled vessel (H) that cooled it. A sec-
ondary combustion chamber (C) ensured the post-combustion of any unspent
gases coming from the cremation chamber.

The Spasciani-Messmer Furnace (Documents 17, 17a and 17b) installed at
Leghorn and Venice was a device with a gasifier (G) having a horizontal grate
and a feeding chute (T) for the fuel. The combustion gases produced there fed
into a channel (D) placed above the cremation chamber (C), which had four
openings (b) with control vanes allowing the body to be struck by four jets of
flame at the head, on the chest, on the abdomen and on the legs. The control
vanes allowed the fire to be aimed and concentrated on those parts of the body
that offered the greatest resistance to cremation. The corpse was introduced into
the chamber on a trolley, the upper surface of which was made of refractory
brick and closed off the lower portion of the cremation chamber in such a way
that the metal parts of the trolley were protected from the high temperature of
the cremation chamber. It took 8 to 10 hours to warm up the furnace and some
2,000 kg of coke were needed for this phase; one cremation then consumed a
further 200 to 300 kg of coke.

The Toisoul-Fradet Furnace (Document 18) was a device using a gasifier
and having three levels: the gasifier (A) was in the basement, the recuperator (E)
at ground level and the cremation chamber (G) on the floor above. Cremation
took about one hour and coke consumption was 100 kg. This plant was inaugu-
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rated in Paris on 5 August 1889. Its schema (Document 19) shows a large gasi-
fier (A) with the loading funnel (C) and the opening for the stoker (D), the slop-
ing hearth grille and an ash-extraction door (B). A long vertical shaft leads the
fuel gas produced in the gasifier to the back of the cremation chamber (G),
called the “laboratory,” but before entering it is ignited by two burners (F). The
cremation chamber is closed at the front with Door (H). The coffin (M) was in-
troduced by the Load Cart (K). Inside the cremation chamber the Coffin (M) is
engulfed by the flames, and the combustion products descend through the Re-
cuperator (E) into the Flue (1), while the outside air flows countercurrently, gets
heated to a high temperature and exits into the Burner (F).

The furnaces considered so far operated on the basis of the principle of total
direct combustion, i.e. the corpse was struck directly by the flames generated on
a hearth (as in the Gorini Furnace) or by the burning products of a gasifier (as in
the Venini Furnace). The system invented by Friedrich Siemens introduced the
process of totally indirect combustion by means of clean hot air, which domi-
nated in Germany unchallenged until 1924. This new process, as we have seen,
rested on the principle that the cremation was effected by clean air heated to
1000°C in a regenerator or recuperator.

The prototype of the Siemens Furnace (Document 20) was used for the first
time with animal carrion on 2 June 1874 in the presence of the Professors Fleck,
Kichenmeister, Roth and other celebrities of the medical field. The inventor de-
scribed it as follows (Kiichenmeister 1875, pp. 69-71):

“The entire device consists of three separate parts:

1) a gasifier outside the building,

2) the furnace proper with the regenerator and the cremation chamber inside
the building,

3) the chimney for the discharge of the combustion products. [...]

The cremation process runs as follows:

The gasifier is operated in such a way that new fuel — hard coal, lignite, peat or
wood — replacing the fuel consumed, is added through the filling device every
few hours.

The gases formed are led through a channel (a) equipped with a control shutter
into the regenerator where they meet with a controllable air stream (b) and turn
into flames. The flames formed in this way traverse the regenerator chamber (R)
and heat to white heat the bricks stacked up in it.

The residual heat contained in the flames still serves to preheat to red heat the
furnace or the Chamber (K) destined to receive the corpse; the flames then dis-
appear through channel (c) into the flue. As soon as the furnace has reached this
state, the process of cremation can begin.

The Shutter (D) of the furnace is raised or pushed aside by the person assigned,
and the body to be burned is introduced into the cremation chamber.

After the furnace has been closed, the body is exposed to the effect of the red
heat, losing its water content, i.e. drying out, over a certain period of time which
depends upon its physical particulars.

Once this part of the cremation is over — which usually takes about a quarter of
an hour — the gas shutter is closed. As a result, now only air enters the crema-
tion chamber through the regenerator. This air heats up in the regenerator to
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almost white heat, and in this state strikes the preheated and largely desiccated

body, provoking a rapid decomposition of all its combustible parts. The incom-

bustible parts decompose under the effect of heat as in a chemical process: CO;

escapes, and lime remains in the form of powder, falling through the grate (e)

into the ash chamber (A), where it can be easily collected by means of a special

device placed there, and then extracted through the port mounted at it. In this
way, as has been explained above, the remaining ash can be handed to the fami-
ly in an urn or other container for burial or other type of conservation.

The entire process lasts approximately one hour, with a consumption of 100 kg

of lignite or 50 kg of hard coal, not counting the initial heating phase; this

would also be the total fuel consumption, if the various cremation operations
can be carried out in succession.

If that is not possible, a proportionately larger amount of fuel is consumed dur-

ing the idle periods for warming up the furnace. [...]

Furthermore, there is also a gas conduit (f) through which the gas can enter the

upper part (h) of the regenerator. The gas entering here serves to protect the

Cremation Chamber (K) from excessive cooling in the case of a cremation tak-

ing longer, e.g. the cremation of an entire animal.”

With some modifications, this Siemens Furnace was installed in 1878 only at
the Gotha Crematorium (Documents 21-23), but its performance did not come
up to the expectations of its inventor. Actually, according to Heepke, a crema-
tion in that furnace generally took two hours and a quarter; 1,500 kg of lignite
were needed for a first cremation and 250 to 300 kg for each subsequent one.®!

The Klingenstierna Furnace (Document 24) was a major improvement of the
Siemens model. It had a Main Hearth (A) and a Secondary Hearth (H) which
served mainly as an afterburner for the fumes; the combustion air was heated in
a recuperator made of metal tubes (J). The corpse was introduced into the Cre-
mation Chamber (F) by means of a Cart (O) which stayed in the chamber
through the duration of the process.

In Germany this Swedish design was perfected by E. Dorovius and built by
the Gebriider Beck Co. of Offenbach. The first models, installed at Heidelberg
in 1891 and at Jena in 1898, still had the trolley for the introduction of the cof-
fin, but for the furnace set up at Offenbach in 1899 this detail was eliminated.
The cremation chamber was given a grate made of refractory clay, below which
two funnel-shaped inclined planes conducted the ashes into the ash receptacle.

The Mainz version of 1903 had a single inclined plane beneath the grate, as
did all the later furnaces, but was still equipped with a recuperator having metal
tubes (Heepke 1905b, pp. 45f.). This type of recuperator was subsequently re-
placed by one of refractory brickwork, and the furnace took on the typical shape
of German cremation furnaces with coke-fed gasifiers (Document 25).

The furnace was arranged on two levels: The hearth and the recuperator
were in the basement, the cremation chamber on the ground floor. The device
operated in the following way: The hearth (Feuerung) had two doors, one for

31 Heepke 1905b, p. 20. This work contains a very detailed description of the Siemens, Klingenstierna
and Schneider Furnaces with very-accurate technical drawings, pp. 41-58. For these furnaces, beyond
Beutinger’s study mentioned above, cf. also von Engerth 1892 & 1897; as an appendix in Ortloff
1907: “Das Verbrennungssystem Rich. Schneider, vorm. Dresden, jetzt Berlin,” pp. 60-73.
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loading the fuel, the other for removing the slag. The water container for cool-
ing the slanting grate was at the bottom. The combustion gases, which formed
in the gasifier, left through a vertical duct (Feuerhals) and mixed with the com-
bustion air on entering the cremation chamber (Verbrennungsraum). The com-
bustion air came from two lateral openings connected to a network of channels
into which the air entered through a control device located in the upper part of
the furnace, above the peephole (Schau-Offnung). The gases produced by the
cremation of the corpse passed through the ash chamber (Aschenraum), entered
the lateral channels of the recuperator flowing downwards into the flue duct
(Fuchs) and then left through the chimney (Schornstein).

The recuperator consisted of a refractory body with three channels (Docu-
ment 26): the discharge gases traveled downwards through the two lateral ducts
transferring part of their heat content to the brickwork, whereas the combustion
air for the corpse traveled upwards through the central channel while heating up
along the way. The combustion air entered the recuperator through an opening
at the base of the furnace.

The remains of the corpse fell through the bars of the grate onto the inclined
plane of the ash chamber (Aschenraum), from which it was removed by means
of a rake into the collection bin (Pfanne), which was then taken out through the
door of the ash chamber.

The first cremation required some 300 kg of coke including the preheating
of the furnace, the subsequent ones 50 to 100 kg each. The duration of a crema-
tion generally took one hour to one hour and a half.*

This type, together with the Schneider Furnace that we shall look at present-
ly, had all the essential features of the coke-fired cremation furnace with a gasi-
fier from which all furnaces of this type built in Germany through the 1930s
were derived.

The prototype of the Schneider Furnace (Document 27) was built for the
Hamburg Crematorium in 1892. Its structure was very similar to that of the
Klingenstierna-Beck Model. The most-significant innovations concerned the
hearth, which had a horizontal grate and a primary combustion-air vent below
it; the gasifier was placed vertically above the grate and had a coke-feeding
chute in the upper part of the furnace. The combustion air for the gasifier en-
tered through two controllable openings located on either side of the hearth
door, flowed through appropriate channels in the gasifier wall, getting heated
there and emerging from both sides into the neck of the gasifier. The combus-
tion air for the corpse entered the channels of the recuperator through two con-
trollable openings located in the base of the recuperator at the front of the fur-
nace, passed through the recuperator, where it warmed up to 1,000°C and
emerged from two lateral openings near the top of the gasifier neck into the
cremation chamber, striking the corpse. The combustion products were led
through the ash chamber, entered the channels of the recuperator through suita-

%2 Beutinger 1911, pp. 107-110. This work devotes a chapter of considerable interest to the cremation
furnaces, with detailed technical drawings (pp. 94-127). The information which follows has been tak-
en from that source.
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ble openings, flowed downwards through them while losing some of their heat
and reached the chimney through the flue duct.

Preheating the furnace took about three and a half hours. Some 45 to 90
minutes were needed for one cremation, with a coke consumption of 250 to
300 kg for a single cremation and 50 to 100 kg for any succeeding ones.

The Ruppmann Furnace (Document 28) was described in detail in Chapter 2.
Although this device, like all other German furnaces so far examined, had been
conceived as an indirect hot-air furnace, it could also be operated for direct
cremation. Actually, the cremation process depended not so much upon the
structure of the furnace as upon its operation, which had to satisfy the local le-
gal requirements. For a direct cremation, all that was needed was to have the
combustion products from the gasifier arrive directly in the cremation chamber,
as during the preheating phase. In that case, heating the recuperator to 1,000°C
became superfluous, because the heat necessary for the cremation and for main-
taining the thermal equilibrium of the furnace came from the gasifier; the heat
consumption thus decreased correspondingly. The description of the Ruppmann
Furnace given in Chapter 2 is based specifically on the direct cremation process.

The Swedish Knos Furnace (Documents 29 & 29a) brought along more im-
provements on the Klingenstierna-Beck Furnace. The passage of the gas from
the gasifier was controlled by two valves (a and b). During the preheating
phase, Valve b was closed, and Valve a was open. The gases entered into two
channels which ended in the side walls of the inclined ash plane. The hot air
channels for the air coming from the recuperator also opened into those chan-
nels, causing the combustion of the gases from the gasifier. The ensuing flames
and combusted gases entered the ash chamber with its inclined plane, passed
through the grate into the cremation chamber, flowed out into two ducts having
their openings in the side walls at the far end of the chamber, traveled down-
wards through two vertical channels and then entered the recuperator; after hav-
ing passed through it, they arrived in the flue duct and left through the chimney.

During the cremation, however, Valve b was open and Valve a closed. The
gases from the gasifier flowed directly into the recuperator, mixing with the ex-
haust gases from the combustion of the corpse and burning up any uncombusted
gases. The combustion air for the corpse entered the recuperator through two
lateral openings at the base of the furnace, passed through it in an upward direc-
tion, entered the two channels mentioned previously and flowed out into the ash
chamber with its inclined plane, striking the corpse from below. The products of
the combustion of the corpse followed the path already described.

Coke consumption was about 300 kg for the preheating phase and the first
cremation, and 50 to 90 kg for any subsequent ones. The rights to this furnace
for Germany belonged to the Gebriider Beck Co. of Offenbach.

The Fichet Furnace was inaugurated at the crematorium of Paris on 19 Janu-
ary 1891 (Document 30). The combustion gases of the large gas generator lo-
cated in the basement (with its feed chute at ground level) flowed up a vertical
shaft and entered from a lateral opening into the cremation chamber located on
the first upper floor, then through two openings in the ceiling of the cremation
chamber, next to the corpse-introduction door, into two channels, which ran first
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above and then behind the cremation chamber and entered the long recuperator,
heating up its channels, and flowed from there into the flue and the chimney.
Through a channel that ran beneath the gasifier, the combustion air entering the
regenerator was warmed up along the channels and entered the cremation
chamber at high temperature from an opening on its left side. The combustion
products left through another opening on the right side and followed the path of
the gasifier’s combustion gasses.

The Swiss Bourry Furnace was equipped with a lateral gasifier and with a
recuperator beneath the cremation chamber sporting a closed floor to accommo-
date the corpse. It took 8 to 9 hours to heat the furnace, and a cremation lasted
two hours and a half to three hours, with a consumption of 1,250 kg of coke.

The furnace by Simon & Bourry installed in the crematorium at Manchester
was characterized by the fact that the combustion gases of the gasifier with a
stepped hearth entered the cremation chamber from the bottom. By getting
mixed with the combustion air preheated in the recuperator, it produced a flame
that enveloped both sides of the chamber floor and the coffin on it. The exhaust
gases left through two openings in the ceiling of the cremation chamber. Intro-
ducing preheated combustion air beneath the chamber’s ceiling guaranteed the
complete combustion of the fumes. The exhaust fumes then left through two
vertical channels located on both sides of the furnace, flowed through the recu-
perator and from there into the chimney. The chamber floor had slits through
which the corpse remnants fell into a post-combustion chamber below, from
which their ashes were extracted. The duration of the cremation ranged from
one hour to one hour and twenty minutes, and the coke consumption was 1,000
kg for the first cremation and 100 to 150 kg for subsequent cremations.

The American cremation furnaces had several heating systems. The furnace
in Boston was equipped with oil burners of the Ames Oil Burner Company,
North Easton, Massachusetts. Three burners were located in the cremation
chamber and a fourth at the base of the chimney to initiate a draft and for post-
combusting the flue gasses. A 6-hp steam engine drove a blower and an oil
pump. The cremation lasted on average an hour to an hour and a half.

The furnace by Engle Sanitary & Cremation Co., Ltd. of Des Moines, lowa,
also worked with oil and consumed 1.5 to 2 barrels of fuel for one cremation.
The crematorium in Pittsburgh used natural gas, which burned in separate spe-
cial combustion chambers placed beneath and behind the cremation chamber.
The combustion products entered the cremation chamber through a grille-like
wall and left through openings in its side walls. The cremation lasted an hour
and a quarter, with a consumption of 300 to 425 cubic meters of gas.

In the Davies Furnace installed in crematories at Lancaster, Philadelphia,
Baltimore and Davenport, an anthracite hearth heated the cremation chamber di-
rectly, and the combustion products went through the hearth before leaving
through the chimney.

% Freygang 1908. Hugo Erichsen (1887) reproduced the drawings of several American crematoria. The
most-important ones are those relating to the facilities in Washington, D.C. (p. 41: crematorium exte-
rior; p. 48: furnace), Lancaster (p. 109: furnace layout; p. 239: frontal view with introduction car-
riage), Buffalo (p. 116: furnace with Venini System) and Cincinnati (p. 123: furnace similar to the
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Toisoul and Fradet improved the process employing city gas already put to
use in the Polli-Clericetti Furnace in 1876. Their furnace (Document 31) had
gas burners instead of the gasifier, but also operated according to the clean-hot-
air principle. The air was provided by a recuperator made of metal tubes instead
of refractory brick. A furnace of this type was set up at the Dessau Crematorium
in 1910. The operating temperature of 1,000°C was reached after two and a half
to three hours of preheating. Consumption was 215 m? of gas for each crema-
tion.

The first European experiments with naphtha-fired furnaces were run at the
Jena Crematorium in 1913 (Phoenix 1913), but such a heating system was not
really introduced until the 1920s.

Document 32 shows the vertical, longitudinal and transverse sections of the
naphtha-fired cremation furnace conceived by Rothenbach & Co. of Bern
(Swiss Patent 86533). The later naphtha-fired furnaces were derived from this
very-modern design. The description of the device is as follows (Georgius 1923,
p. 56):

“The upper part of the furnace consists of a cremation chamber 1 separated by
a grate of refractory clay 2 from the ash space 3. The latter has an inclined
plane and an opening 4 for the removal of the ash. Two burners 5 emerge from
the side walls of the cremation chamber. The cremation chamber has a double
vault whose hollow space acts as preheater for the compressed air fed to the
burners. In the lower part of the furnace is the recuperator 10 in which the air is
heated along a serpentine line. Above the air preheater is a hot-air-collection
space 11 to which suitably controllable air channels 12 are connected at the top,
which emerge laterally into the cremation chamber 1. The air is controlled and
fed to the recuperator via shaft 13. A second set of burners, consisting of at least
one burner 15, is connected to the air preheater.

When the furnace is used, initially the two upper burners 5 are used. The naph-

tha fed to the burners is injected at a pressure of 300 mm [of water column]. Af-

ter having been vaporized, the mist mixes with the preheated air coming from

the two air channels 12. The burning gases then enter the cremation chamber 1,

where complete combustion takes place on account of the mixing with the com-

bustion air coming from the channels 12. Through channels 20, the combusted
gases from the burners 5 reach the ducts 10 of the air preheater and preheat the
air.

In this way, the walls of the cremation chamber 1 heat up to a high temperature,

whereas the very hot combusted gases are used to heat the space of the air pre-

heater. When the furnace reaches the required temperature and the air coming
from the preheater has a temperature of 800°C, the cremation of the corpse can
begin. The upper burners 5 are shut off, and the lower burner 15 is started up in
this phase of the activity of the furnace to prevent as much as possible any cool-
ing of the furnace during the cremation. The cold air entering shaft 13 through
the now open disc valve spreads into the air channels 10 and, rising counter-
currently in natural convection because of its increasing temperature, reaches

Davies Model, but with a simplified structure).
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the hot-air-collection space 11 from where it flows through the channels 12 into
the cremation chamber.”

Electricity as a heat source was introduced only in the 1930s. The experimental
furnace shown in Document 33 was realized at the beginning of the 20th centu-
ry as a small-scale model by the Frankfurt Prometheus Co. and was used merely
for experimental incinerations involving a few kilograms of animal flesh.

Document 34 shows vertical, longitudinal and transversal sections of the
electrically heated Conley experimental cremation furnace (U.S. Patent 988862
of 4 April 1911). The very-elaborate device was characterized by three funda-
mental elements: a muffle enclosed by a triple wall with insulating air spaces.
This triple wall was penetrated by eight sets of three carbon electrodes each,
converging towards the center of the muffle. They could be retracted and con-
trolled individually by means of cams and cogwheels. Discharge of the combus-
tion gas took place at the top, directly into the chimney (ibid., p. 57).

The early 20th Century was a period of intense activity in the development
of new cremation furnaces, as witnessed by a series of patents | have been able
to identify.

Figures 1, 2 and 3 of Document 35 illustrate a patent dated 19 December
1912 concerning a “Cremation furnace with gasifier connected to the combus-
tion chamber at the front and a regenerator” This patent, granted to Wilhelm
Sauerland of Dresden, is interesting in particular because it clearly shows the
functioning of a regenerator. The description of the furnace and of the crema-
tion process is as follows (Kaiserliches... 1915):

“The gasifier (a) is directly linked, in the upper part of its front side, with the

cremation chamber (e) by means of the burner (d) which becomes smaller in its

front section and is fed with heated secondary air at (b) and (c) in the cladding
of the gasifier. The combustion chamber (e) has a perforated floor, below which
is the ash chamber (f) with its opening (t), whereas the regenerator (g), built in
the usual way, is located beneath the ash chamber. Some slits or apertures (h) in
both sidewalls of the combustion chamber are linked with the channels (i) ar-
ranged vertically in the lateral brickwork and with the regenerator (g). The ash
chamber (f) is also linked with the latter through slits or openings (j). From the
ash chamber (f) several discharge channels (k) lead to the discharge channels

(I) located under the floor; these open into the chimney duct (m) and can be

closed by means of valves (n). Underneath the regenerator (g) is the discharge

channel (o) which, when valve (p) is opened, can be connected to the chimney
duct, and, when aperture (q) is opened, can be connected to the atmosphere.

To start up the furnace, valve (p) is opened and valves (n) are closed. Then gas

is produced in the gasifier in the usual way and is burned with the warm air en-

tering at (b) and (c). The flame thus produced thins down in burner (d) and
darts as a clean bright flame into the combustion chamber (e). From here the
combusted gases pass partly through the slits (h) and partly through the perfo-
rated floor into ash chamber (f) and along its slits (j) into the channels (i) of the
regenerator (g), flowing from top to bottom through its content, and then travel
through the discharge duct (o) into the chimney duct (m). When the combusted
gases have given up a sufficient portion of their heat content to the walls they
strike and to the packing of the regenerator causing them to glow, valve (p) is
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closed. By closing the door of the ash chamber of the gasifier, gas production is
stopped. Any gas still present continues to burn in burner (d). By slightly open-
ing valves (n), these combusted gases are channeled through the draft channels
(k) of the ash chamber into the draft channels (I) under the floor and into the
chimney duct (m). Now the corpse to be cremated is introduced into the combus-
tion chamber (e), valves (n) are closed almost completely and the inlet air vent
(g) is opened. The air entering here rises towards the channel (o) through re-
generator (g) filled with the glowing bricks, enters the channels (i) and leaves at
high temperature into the ash chamber (f) through the slits (j). The combustion
of the corpse or rather of the coffin begins immediately, because from both sides
several jets of heated air strike it over its total length, and from above, from
burner (d), air heated to a high temperature is ejected. The combusted gases
flow down into the ash chamber (f) where they are burned to the greatest extent
possible by the high-temperature air entering through slits (j); they travel
through the discharge channels (k) into the discharge channels (l) of the ash
chamber and into the chimney duct (m).
After the complete combustion of the corpse, the inlet air vent (q) is closed and
the ash is taken out through damper (t). Then the door of the ash chamber of the
gasifier and valve (p) are opened, whereas valves (n) are closed, and the fur-
nace is ready for the subsequent cremation.”
As | have already explained, the regenerator cools down during the cremation,
transferring to the combustion air the heat stored during the heating phase. It
must thus be heated again before a subsequent cremation. Hence it was not pos-
sible to carry out continual cremations. To remove this inconvenience, Friedrich
Siemens patented a furnace on 18 August 1911 with two regenerators (Figures
1, 2 and 3 of Document 36; Kaiserliches... 1913b), whose operation can be
summarized in the following way:
During the warm-up phase of the cremation chamber a and the regenerator
b, the air enters through inlet c, travels through channel d and through another
channel — not shown — behind channel d and behind the lower part of regenera-
tor b into regenerator e from bottom to top. It leaves in the upper part through
the two channels f. There it meets the gas coming through the openings g from
the gasifier h via channels i and valve k, which is open in this phase, and flows
through channels I. The flame which forms travels through the cremation cham-
ber a, leaves through aperture m and arrives in channel n. Because the valve o
of the gasifier is closed in this phase, the combusted gases enter regenerator b
through channel n heating it up to a high temperature and leave through channel
d into the discharge duct p.
When vent c is opened, the air enters channel d, heats up in the regenerator
b, leaves through channel n and reaches channel m together with the combustion
gases arriving in channel m through channel g, because valve k is now closed
and valve o is open. The developing flame travels through the cremation cham-
ber a and flows via the two channels f into the regenerator e and the chimney
duct p.
When the cremation chamber and the two regenerators, having gone through
this cycle several times, have become sufficiently hot, the cremation can begin.
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The air entering through inlet ¢ heats up in regenerator e, rises and arrives in
the cremation chamber a via channels f. In this phase, valve K is closed to pre-
vent the gas from entering through opening g. Leaving the cremation chamber
a, the hot air takes along the gases which form during the cremation of the
corpse. These gases mix in channel m, and a flame develops, heating regenera-
tor b. The combusted gases leave from the lower part of the regenerator and
travel along channel d into the discharge channel p.

When the heat of the regenerator e has been used in this way, the air flow is
inverted; it now travels through opening c into channel d, passes through the re-
generator b and enters the cremation chamber through channels n and m. On
leaving it through openings f it mixes with the gas arriving at opening f from the
gasifier through valve k and channels | and g. The flame which forms heats up
regenerator e. From there the exhaust gases flow to the chimney through the
chimney duct p. In this way, one of the regenerators is always hot and the fur-
nace can handle one cremation after another without interruption.

The patent of Max J. Kergel of Beuthen (Upper Silesia) presents a more-mo-
dern furnace concept (Figures 1-3 of Documents 37, 37a), although it is a few
years older (4 October 1908). His furnace, in fact, has a recuperator instead of
the one or two regenerators and an ingenious heating system from the outside
for the muffle. These ideas will be picked up and improved on in later years.
This is the description of the device (Kaiserliches... 1910):

“The invention consists in the fact that around the cremation chamber (a) there

are heating chambers (b) and, above them, channels or air chambers (c). The

latter are directly linked to the cremation chamber such that the air that has
been heated to a high temperature in chambers (c) on account of a combustion
of gas in the heating chambers (b) flows continuously through the cremation

chamber (a).

Under the cremation chamber is the recuperator consisting of heating channels

(e) and air channels (f). The air channels (f) are linked to the air channels (c)

which surround the cremation chamber. The combustion gas is fed through

channel (g) whence the gas reaches the channels (h) and (h?).

The operation of the furnace is as follows:

First of all, gas is fed to the cremation chamber (a) through the central channel

(h) and at the same time air from channels (c) is brought in as well. The com-

busted gases of this mixture arrive through the grate on the inclined plane (d)

for the ashes and leave via channel (i) for the heating channels (e). When the

cremation chamber is sufficiently hot, the central channel (h) is closed and the
two side channels (h') are opened. Now the combustion of the gases takes place
in the heating chambers (b), because they ignite on the hot walls. In this way,

there is simultaneous heating of the outside wall of the cremation chamber (a)

and of the air flowing through channels (c). The combusted gases from the heat-

ing chamber (b) reach the air-feed channels (f) in such a way that the air which
is to be fed to channels (c) is preheated. ”
The patent of “Bunzlauer Werke Lengersdorff & Comp.” of Bunzlau (Silesia)
dated 6 July 1911 (Documents 38, 38a-c) concerned a new distribution system
for both the discharge gas and the combustion air for the gases of the gasifier
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and the corpse. This air was fed through the gaps of the refractory grate. The
claims of the patent are the following (Kaiserliches... 1913c):

“1. A process for the cremation of corpses with combustible gases and air pre-

heated by a heat source characterized by the fact that the heated air is parti-

tioned and the amount of air needed for the combustion of the carbon monoxide
is brought to the combustion chamber of the gasifier, and the air which mainly
serves for the cremation is brought directly to the cremation chamber.

2. A system for the realization of the process characterized by the fact that the

discharge gases are partitioned and taken, for the recovery of their heat content,

to separate recuperators that can be connected one to the other by means of a

control device.

3. A furnace for the process according to Claims 1 and 2 characterized by the

fact that for the combusted gases discharge channels are provided, one feeding

into the cremation chamber and another into the ash chamber.

4. A device for the realization of the process according to Claims 1 and 2 char-

acterized by the fact that the hot air is fed into the cremation chamber through

the refractory grate toward the coffin.”
The system of feeding the combustion air through the bars of the grate was fur-
ther developed in a subsequent patent (9 September 1933) taken over by the
J.A. Topf & Séhne Company of Erfurt on 27 November 1937 (see Unit I,
Chapter 3).

The patent of a “cremation furnace for corpses with naphtha combustion” of
the Korting brothers at Linden (30 June 1911; Kaiserliches... 1913a) does not
concern the substitution of a naphtha burner for the gasifier — obviously already
protected — but a post-combustion system for the fumes based on the suction
produced by the flame of the burner. Figure 1 (Document 39) shows a typical
realization of the system, which resembles a pilot hearth for the chimney. The
gases burned in Burner h diffuse into the post-combustion Chamber b and enter
via Apertures ¢ into the Cremation Chamber a. The gases resulting from the
combustion of the corpse are drawn up by the draft due to the Auxiliary Burner
i through Channel d and enter into the Combustion Chamber e where they mix
with the gases from the burner and burn to completion; they then leave through
the Discharge Channels f, g.

In Figure 2 the gases stemming from the combustion of the corpse are drawn
in directly by the main burner, enter into the Combustion Chamber b and pass
into the cremation chamber, where they burn completely due to the combustion
air for the corpse.

The “Cremation furnace for corpses using naphtha or gas heating with a col-
lection vessel for the ashes beneath the cremation chamber having slanted
walls” was patented by Wilhelm Buess on 22 August 1913 (Kaiserliches...
1914). The furnace (Documents 40 and 40a) consists of a cremation chamber
closed by Valve a and having as a floor Grate b below which there are two in-
clined Planes ¢ which end in Funnel d. Beneath Funnel d is a cylindrical Shaft e
with a Bottom f which can be moved up and down, in which there is the Cruci-
ble g which is directly connected to the funnel. Between the crucible and the
bottom there is the Support h which acts as a distributor for the flame coming
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out of Nozzle i. The bottom of the crucible is perforated; above the hole there is
a Lid k with a channeled rim. Beneath the hole of the crucible, within the Sup-
port h, there is a vertical Duct h! with a Run-off Channel .

The operation of the device is as follows:

The flame projected from Nozzle i is distributed by Support h; the combus-
tion gases leave along Channel | and enter the cremation chamber through the
Openings m, striking the coffin and the corpse from behind. The combustion
products pass through the grate downwards and enter Slits n located in the walls
opposite the two inclined planes. These slits are connected to two Channels o
which envelop the cremation chamber completely from both sides and lead into
the Chimney p. The ash of the corpse falls through the Grate b onto the two in-
clined Planes ¢ below, from which they slide via the Funnel d into the Crucible
g. If a zinc coffin is used, the molten metal flows into the crucible and enters the
vertical Duct h! via the channels on Lid k; it can be retrieved at the outlet of the
Run-off Channel f*.

The ashes of the corpse float on the molten metal and settle on the bottom of
the crucible when the metal has flowed out completely. Any uncombusted parts
will burn completely in the crucible which is heated directly by the flame com-
ing out of the Nozzle i.

At the end of the cremation, Bottom f of the cylindrical Shaft e is lowered;
the Crucible g with the ashes of the corpse can be removed and another crucible
put in its place. The bottom is then raised, and the furnace is ready for another
cremation.

According to the inventor, this furnace could be used as a mobile device in
times of war or epidemics.

The electric furnace for the cremation of corpses invented by the American
Lawson Henry Giddings (Document 41) was patented in Germany on 11 April
1911 (Kaiserliches... 1912). It was a device in which the electrical heating ele-
ments, besides heating the walls of the furnace, heated also the combustion air
for the corpse. The cremation process was completely indirect.

In the upper part of the furnace, combustion air enters via the Aperture 3,
which could be regulated by means of Valve 7. This opening is connected to the
Air Channels 4, which cover the Cremation Chamber 2 above, on the sides and
in the rear. The floor and the side walls of the cremation chamber are provided
with longitudinal Air Channels 11 and 16 — connected to a transverse Channel
10, which in turn is connected to the Air Channels 4 — in which the electrical
heating elements are located. The Air Channels 10 and 11 are closed above by
means of a cover 8 made of refractory material, which extends almost to the
Door 6 of the cremation chamber. The lateral Ribs 13 and the curled-up Edges
14 retain the ashes and the molten metal parts of the coffin. The Cremation
Chamber 2 is connected to the Chimney 15 via Opening 17.

To carry out a cremation, the coffin is moved into the cremation chamber
through the chamber door. Then Valve 7 is opened and Switch 18 is thrown, al-
lowing current to flow to the electrical heating elements. The combustion air en-
ters the Air Channels 4 through Opening 3, moves on to Channel 10 and then
into the Channels 11, where the glowing electrical elements are located. The air
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then enters the cremation chamber at a high temperature through the slit located
in front of the chamber door and strikes the coffin with the corpse. The combus-
tion products enter into Opening 17 situated in the rear portion of the cremation
chamber and from there into the chimney. This process was never used in Ger-
many.

In the United States, cremation technology developed independently of Eu-
ropean technology, at least in the beginning. In 1887 Hugo Erichsen reproduced
some drawings of this technology (Erichsen 1887, S. 41).

The Washington Crematorium was a very austere building, almost stark, and
inside there was a cremation furnace that resembled the future H. Kori furnace,
but of much cruder workmanship (ibid., p. 48).

The Lancaster Crematorium operated on the basis of the completely indirect
system, that is, the corpse was placed in a muffle (retort) around which, through
two special ducts, flowed the products of combustion of a hearth that was locat-
ed below the muffle (ibid., p. 109).

4. Cremation Experiments in Germany in the 1920s

After the end of the First World War, the shortages of coal due to Germany’s
loss of major coal-producing territories and the forced exportation of coal to the
victorious powers imposed by the Treaty of Versailles made it imperative for
Germany to use its remaining coal resources with great economy. For that rea-
son, in the years following the war, German industry strove to optimize all of its
installations consuming coal or coal derivatives in an effort to obtain the great-
est possible efficiency.

This need for scrupulous heat management affected also the cremation fur-
naces. This had become inevitable, because the Prussian Law of 14 September
1911 permitted only cremation systems using clean air (completely indirect pro-
cesses), such as those invented by Friedrich Siemens, in which the corpse was
consumed by air heated to 1,000°C in a recuperator without having contact with
the gases produced in the gasifier. The “Directive for the application of the law
concerning cremation of 14 September 1911” issued by the Prussian Ministry of
the Interior on 29 September 1911, in fact, stated in this respect (Lohmann
1912, pp. 54f.):

“Cremation must not take place by direct contact with the fuel, but only in spe-

cial cremation chambers separated from the hearth. The combustion products of

the hearth must not enter into the cremation chamber directly during the crema-
tion and must not heat it indirectly. The cremation must instead be executed in
the cremation chamber heated to the proper temperature by sufficient combus-
tion air preheated to high temperature. ”
This system of cremation was not only enormously expensive, it did not even
guarantee a thorough result. Its justification was an “esthetic” one, i.e. the asso-
ciation of the Prussian societies for cremation considered it to be improper that
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the corpse be touched by the flames and by the spent gases coming from the
gasifier — that was barbaric, a return to the pyres of old.

At a time when the cremation movement was still contending with opposi-
tion, these considerations also contained a certain element of public relations
which aimed for a description of the process of cremation as being the most-
agreeable — or the least disagreeable — possible and which went as far as giving
a false description of what was really happening: it was asserted, in fact, that in
the case of a completely indirect process the corpse in the muffle did not actual-
ly burn, but was gradually consumed by the hot air which struck it.

By 1924 German engineer Hans Kori had three decades of experience in the
design and construction of incinerators for slaughterhouses which used a totally
direct process, i.e. the combustion products from the hearth struck directly the
animal carcasses to be incinerated. This afforded a significant reduction in fuel
requirements compared to the indirect process.

In February of that year Kori approached the police authorities of Berlin-
Schoneberg with a proposal for the revision of the law of 14 September 1911.
Hans Kori stressed the inconsistency in the claim of a flameless consumption of
the corpse by pointing out that the body was normally introduced into the fur-
nace enclosed by a coffin which obviously burned and thus generated flames,
and by stating that the corpse itself, after desiccation, burned generating its own
flames. Finally, in the case of a completely indirect process, a strong tempera-
ture drop occurred during the evaporation of the water contained in the corpse
which could only be counteracted by feeding into the muffle the combustion
products from the gasifier. Hence, Kori proposed acceptance of the direct cre-
mation process as legal.

The Berlin police authorities turned to the Ministry of the Interior, which
was so interested in the matter that on 19 July 1924 Kori submitted to it a de-
tailed presentation of his proposal (Kori 1924).

The question was examined by the Berlin study group for energy conserva-
tion (Arbeitsgemeinschaft fiur Brennstoffersparnis), which drew up an opinion
accepting Kori’s proposal and ending with the following recommendation (Ar-
beitsgemeinschaft... 1924):

“For reasons of heat technology and in the interest of fuel savings it is recom-

mended to modify the legal requirements of 14 September 1911 for the construc-

tion and operation of crematoria in the sense that, as a rule, the addition to the
hot air of combusted gases without fly ash is accepted. ”
This recommendation was taken up by the Prussian Ministry of the Interior
which issued the following decree on 24 October 1924 (“Amtliches...” 1925):

“In the directive of 29 September 1911 concerning the application of the Prus-

sian Law on cremations dated 14 September 1911, (Statutes p. 193) in Section

I, Number 3, Paragraph 7b etc. it is stated that cremation must not occur under

the direct effect of fuel, but only in special cremation chambers separated from

the hearth. By a regional state legal authority we have been made aware of the
fact that it is often insufficient to conduct a cremation under total exclusion of
combusted gases, i.e. when several corpses must be incinerated in the same de-
vice in succession. The reports that, in consequence, have been requested by the
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regional state police have been submitted to the Berlin study group for energy

conservation for an opinion. | have the honor to attach a copy of this opinion for

kind consideration. We have therefore no objection to rule against a temporary
influx of gasifier gases into the corpse chamber. For the moment we desist from

a modification of the application dispositions.”

On 9 October 1925 the Association of Prussian Societies for Cremation object-
ed to this decree which accepted a mixed or semi-direct cremation process. The
objection was examined by the Berlin Study Group for Fuel Economy, which
rejected it in another opinion (22 December 1925) restating the reasoning al-
ready laid out in the previous opinion and arguing that such a cremation process
had been used in Prussia, in practice, for quite some time, and it was now only a
matter of legalizing the state of things (Arbeitsgemeinschatft... 1926a).

But previously, on 29 December 1924, an objection against the decree of the
Prussian Ministry of the Interior had already been filed by the firm J.A. Topf &
Sohne of Erfurt. | shall address this matter in more detail in Unit 11 of this study.
Here 1 will say only that the Berlin Study Group for Fuel Economy rejected also
this objection, but with one concession: it proposed to substitute the term “Gen-
eratorgase” (gasifier gases) in the Decree of 24 October 1924 by the expression
“flugaschefreie Verbrennungsgase” (combustion gases free of fly ash). In the
eyes of the proponents of a completely indirect combustion, this concession was
not acceptable in a compromise formula inasmuch as it specified that the com-
bustible gases produced in the gasifier should burn completely in the gasifier it-
self in such a way that the corpse would not be struck by the flames but by spent
high-temperature gases free of fly ash in order to prevent an esthetically objec-
tionable contact of these ashes with the corpse (Arbeitsgemeinschaft... 1926c¢).

The proposal was accepted by the Prussian Ministry of the Interior, which,
with its Decree of 4 December 1926, modified the Decree of 24 October 1924
in the sense that the word “Generatorgase” was substituted by the expression
“flugaschefreie Verbrennungsgase” (“Amtliches...” 1927).

However, Dr. Muhling, president of the Association of German-Speaking
Societies for Cremation, was dissatisfied with the modification and asked for a
meeting to be convened with the representatives of the Berlin Study Group for
Fuel Economy, which took place on 5 March 1927 and which confirmed the va-
lidity of the cremation process accepted by the Decree of 24 October 1924 and
its subsequent modification, all the more so as it was valid only in Prussia and
did not rule out the completely indirect process, but simply accepted also the
semi-direct process (Arbeitsgemeinschaft... 1927).

The controversy did not stop, being fed also by the builders of cremation
furnaces, who felt that their completely indirect furnace models were threatened
by the new cremation system, which would inevitably lead — as in fact it did —
to major technological changes. Thus, while one of the more prominent mem-
bers of the Berlin Study Group for Fuel Economy, Chief Engineer Tilly, dedi-
cated himself to the demonstration that the direct cremation system was eco-
nomically more advantageous, Chief Engineer A. Peters, general agent of the
Gebrider Beck Co. of Offenbach and of Schamottefabrik of Stettin, formerly
Didier, attempted to refute the calculations of the other side, going so far as to
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assert that the Beck Furnaces in the crematorium at Berlin-Treptow had re-

quired approximately the same quantity of fuel for the cremation of 20 corpses

in succession as the amount used by Tilly for the cremation of an equal number

of corpses with the direct process (Peters/Tilly 1926; cf. Chapter 7).

The general question of the economy of cremation furnaces could only be
resolved by scientific cremation experiments.

The most-important experiments of that period were run in the Dessau
Crematorium in 1926 and 1927 by German engineer Richard Kessler who wrote
a long scientific paper about them (Kessler 1927).

At that time this crematorium was equipped with two cremation furnaces,
one based on the Toisul-Fradet System using city gas, built in 1910, and anoth-
er, more-modern one built in 1923 and based on the Gebruder Beck System us-
ing either gas or coke. Kessler was given the task of executing scientific crema-
tion experiments in this furnace to determine the most-economical heating sys-
tem. The fuels used for the experiments were city gas, coke and briquettes.

During the preliminary tests, Kessler noted the various factors having a neg-
ative effect on the heat economy of the furnace. He determined experimentally
that an excess of air — signifying heat loss and hence fuel consumption — was
partly due to leakage air entering the furnace through cracks and openings that
did not shut properly. Concerning the first point, Kessler wrote (ibid., No. 8, p.
136):

“We have ascertained experimentally that the cracks in the brickwork which
form to a greater or lesser extent in the cremation furnaces themselves because
of the continuous stress to which they are exposed, allow a certain quantity of
air, more precisely of cold air, to enter the cremation chamber during the final
phase of the cremation; this amount of air is far greater than what is needed at
this stage for the combustion of the remnants of the corpse. The consequence of
this is, of course, a deleterious cooling of the furnace (heat loss). ”

At that time this impairment was almost unavoidable. Kessler himself states that

“it is technically impossible to execute the brickwork of a combustion device in

a way such as to prevent leakage of air entirely” (ibid.). To limit the leakage of

air through the openings of the furnace (muffle door, air vents, smoke vane

etc.), he designed a special hermetic closure shown in Documents 42 and 43

(Figures 1-6).

Kessler held the following instruments to be absolutely necessary:

1. An electric pyrometer to measure and record the temperature of the muffle.

2. One or more pressure gauges to measure the draft in the chimney from time
to time.

3. Measuring devices for CO and CO; to maintain proper combustion and to
check the development of smoke.

4. Several thermometers to determine the temperature in the lower part of the
furnace and in the flue duct, and in particular the temperature of the combus-
tion air.

5. A manometer in case of operation with gas.
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It turned out that the possibility to monitor the temperature profile of the muffle
over time by means of an electric pyrometer was of great importance. In that
way the attendant could, at any moment, take the measures necessary for an op-
timum control of the cremation process. The experiments showed that the opti-
mum temperature for the introduction of the corpse was 850 to 900°C.

Another major factor adversely affecting heat economy was improper opera-
tion of the furnace due to insufficient training of the operator(s). After having
eliminated the problems that had been identified in the initial tests, Kessler was
able to carry out the fundamental cremation experiments as such.

These experiments entailed the cremation of eight corpses in succession, the
furnace being heated by three different types of fuel — coke, briquettes and city
gas. Kessler published the technical charts for the three crucial experiments as
well as other data concerning the furnace, as they are reproduced below.

In the following paragraphs | have summarized Kessler’s long account as
briefly as possible, directing attention in particular to the experiments with coke
and briquettes. For a detailed description of the furnace’s structure and ar-
rangement of measuring points see Document 46.

Cremation Experiment with Coke (5 January 1927)

Operation of the Furnace

Document 47 shows a detailed chart with various parameters measured during
the operation of the furnace. For details see there.

Preheating (7:18 — 9:30 a.m.)

The coke loaded into the gasifier prior to the start of the preheating was about
5.2 Zentner (A) or 260 kg. The door of the Ash Chamber (M) stayed open for
about 90 minutes with a section of 190 mm. The air vents to the Hearth (F) and
to the Gasifier (G) were closed. The main damper of the Flue Duct (H/K) was
open with a vertical section of about 380 mm. The draft of the Hearth (D) rose
to 5 mm water column once the combustion was well under way, and stayed
constant with slight variations at around 5-7 mm water column; that of the flue
duct rose to 10 mm water column, and then fluctuated between 10 and 12 mm
water column. Then, a little before 9 a.m., the door of the Ash Chamber (M)
was closed completely, and the air vent to the Hearth (F) was opened (200 mm),
as was, somewhat less, that of the Gasifier (G). Now the gasifier produced CO,
which burned to CO; before entering the muffle. The main damper of the flue
duct was lowered to 150 to 180 mm. The draft of the hearth held at 5 to 7 mm
water column; that of the flue duct at 10 mm water column.

Cremations (9:30 a.m. t0 9 p.m.)

The first cremation began at 9:30 a.m. As soon as the coffin was introduced,
there was formation of dark smoke for about 4 minutes, then of light smoke for
about 2 minutes (E). The furnace was switched to smoke combustion and stayed
that way until 9:44 when the threat of smoke was over.
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The air vent of the Gasifier (G) was opened for about 4 minutes to a vertical
section of over 200 mm — because when the furnace was switched to smoke
combustion, this air carried the smoke back to the gasifier where it burned com-
pletely — and was then closed once again. During smoke combustion, the air
Vent for the Primary Air (L) was held open for the same time and with the same
open cross-section, but its cross-section was then reduced again to 20 to 25 mm;
the air vent of the air to the Hearth (F) was reduced to about 140 mm.

At the beginning of the cremation, the main damper of the Flue Duct for
normal combustion (H; No. 16 in Doc. 46) was closed completely and the main
Damper for Smoke Combustion (K; No. 15 in Doc. 46) was opened, staying in
that position for the whole duration of the smoke combustion, i.e. until 9:44
a.m. Then this damper was closed completely and the other reopened, staying
open with decreasing cross-section until the end of the cremation.

The remaining seven cremations were handled in the same way. The main
aspects are the following:

In the course of the second cremation, another 2.9 Zentner of coke (145 kg)
were fed to the gasifier, and a further 1.04 Zentner (52 kg) during the sixth, for
a total of 9.14 Zentner (457 kg) of which, as we have seen, 0.42 Zentner re-
mained unconsumed, so that the total effective consumption amounts to 436 kg.
During the loading, the door of the ash chamber normally stayed open to allow
the coke to become incandescent. At the start of each cremation, there was a
more-or-less-pronounced development of smoke stemming from the burning of
the coffin. It lasted between 4 and 18 minutes. During the seventh cremation,
the furnace smoked also in a more-advanced phase of the combustion. The air
vent of the Hearth (F) was kept open only intermittently, with a larger section
during the coke-feeding operation. The vent of the Gasifier (G) was opened
wide only when there was generation of smoke, for the reason explained above.

The main damper of the Flue Duct (H) was kept open with a small section
(200 to 120 mm) during normal combustion, while during smoke combustion it
was closed, and the Damper for smoke combustion (K) was opened wide (400
mm). The air Vent of primary air for smoke combustion (L; No. 21 in Doc. 46)
was opened wide to 300 mm during the smoke-combustion phase, while the
Vent for primary air for normal combustion (I; No. 20 in Doc. 46) stayed closed
during this phase, or was opened only exceptionally and to a very small degree.

The main Dampers (H, K) which controlled the velocity of the discharge
gases acted directly on the Draft of the hearth (D) which went up in proportion
to the increase in the open cross-sectional area of these dampers. The rise in the
draft on the hearth was even higher during smoke combustion, because then the
corresponding Damper (K) was opened wide. An increase in the cross-section
of the two dampers — which operate in tandem — caused in fact an increase in
the speed of the discharge gases in the flue duct and, therefore, a lower pressure
in the furnace and in the hearth with a greater suction of air through the door of
the ash chamber and the air vent of the hearth, even if closed, such as was the
case during the sixth cremation. Hence, a more-active combustion ensued. This
suction was due to the fact that the doors and vents in question did not seal her-
metically.
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The Temperature Curves

Document 48 shows detailed charts of the temperature curves as measured
throughout the cremation by various detectors throughout the furnace. For de-
tails see there.

Preheating
At the beginning of the preheating operation, the muffle had a temperature of
about 100°C. It then rose steadily up to about 785°C (9:30 a.m.), when the first
corpse was introduced. The temperature of the discharge gas in the lateral upper
right-hand channel rose to 600°C, then dropped to 460°C and at 9:30 rose again
to 500°C due to the positions of the ash chamber door, the hearth’s air vent, the
gasifier’s air vent and the main damper (cf. preceding chart). The combustion
air in the upper left-hand Channel (D) hardly exceeded 50°C. The air entering
the Gasifier (F) remained at around 100°C. The temperature of the discharge
gas in the Flue Duct (G) rose to 250°C and then varied between 230 and 240°C.
In the basement where the lower part of the furnace was located, the tempera-
ture hardly exceeded 20°C, while the temperature was a little higher on the
ground floor with the upper part of the furnace (muffle). The outside tempera-
ture was around 1°C.

During the preheating phase the CO, content was about 11% (Excess-Air ra-
tio: 20.5 + 11 = 1.86).

Cremations

The temperature curve of the Muffle (A) allows the cremation of the corpse to
be followed through all its phases. Although no two cremations were identical,
the cremation process ran in the same way and may be summarized essentially
as follows:

The coffin caught fire even as it was loaded into the muffle; it burned com-
pletely, or nearly so, within 15 to 20 minutes. The heat generated by its combus-
tion led to a rapid rise in the temperature by about 200 to 300°C, and the highest
temperature (up to 1,100°C) was reached in this phase. Because initially the
combustion air was insufficient, smoke formed to a greater or lesser degree,
which stopped when the furnace was switched into the smoke-combustion
mode: the Main Damper (H) was closed and the smoke-combustion damper was
opened, the gases forming in the muffle flowed back to the gasifier and mixed
with the air coming from the air vent of the gasifier which, as we have seen, was
open wide (300 mm) at this stage. At the same time the discharge gases were
diverted and entered the lateral upper left-hand Channel (E) — in which the pri-
mary combustion air (D) flowed during normal mode — and then entered the
flue gas duct controlled by the smoke-combustion damper (Document 46, No.
15). Conversely, the primary combustion air now flowed into the lateral upper
right-hand Channel (C) through which the discharge gases passed during normal
mode. This mode of operation caused the smoke to be burned and to disappear
within a few minutes.
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This explains why the temperature Curve of the primary air in the lateral up-
per right-hand channel during the smoke-combustion phase (C) is the continua-
tion of the temperature Curve of the discharge gases in this channel during nor-
mal combustion (B), and also why the Curve for the discharge gases in the lat-
eral upper left-hand channel during smoke combustion should be the continua-
tion of that of the primary air at this point in normal operation (D).

During the smoke-combustion phase, the temperature of the combusted gas-
es (E) reached 450°C during the first cremation, then rose even higher, settling
at around 600°C for the last three, with a peak of 800°C for the second crema-
tion. The primary combustion air (C) is represented by the downward branch of
the Curve for the discharge gases during normal combustion (B), because in the
lateral upper right-hand channel, previously traversed by the discharge gases at
high temperature, we now have preheated air flowing to the recuperator, but at a
much lower temperature. This led to a steady cooling of the channel, and the
temperature dropped abruptly. The greatest difference occurs during the seventh
cremation, during which the temperature of this channel dropped from 1,150 to
about 670°C.

During the smoke-combustion phase, the discharge gases flowed through the
channel traversed by the primary combustion air in normal operation, therefore
their temperature went down noticeably, and the corresponding Curve (E) is
usually below that of the temperature of the discharge gases during normal
combustion. Moreover, the duration of the smoke-combustion mode was far
shorter than that of the normal mode, thus the discharge gases traversed the re-
spective channel only for a brief span of time. It follows that the lateral upper
right-hand channel stored much more heat than the left-hand one, which, being
cooler, was more strongly cooled by the normal primary combustion air (D),
and that is the reason why the Curve D shows maximum and minimum peaks
that are lower than those for Curve C.

During the second cremation, Curve D dropped to a point as low as 100°C.
The temperature of the exhaust gases in the Flue Duct (G) stayed between 250
and 350°C during normal combustion, but went up by 50 to 150°C during
smoke combustion. The reason is that at this stage the highest temperature of
the muffle was reached. The temperature Curve for the gasifier air (F) follows
that of the combusted gases, rising and falling with the variations of the latter.
While the coffin burned, the evaporation of water from the corpse already be-
gan. It intensified with the progressing combustion of the coffin, and at the
same time the gasification of the corpse set in. Both processes absorb heat and
led to a sudden drop in the muffle’s temperature by 200 to 250°C.

In the main phase of the cremation process, when the corpse began to burn
with live flames, the temperature rose strongly, depending on the type of corpse,
such as in the third and the seventh cremations, or oscillated weakly, as during
the sixth and the eighth cremations.

In the final stage of the cremation process, the remains of the corpse, which
still burned on the grate and burned out in the post-combustion chamber, had
such a small mass that the excess of air in the furnace was very high, even with
all apertures closed, and the temperature of the muffle dropped accordingly.
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During the second cremation it fell to 575°C. Professor Schlapfer explains
(Schlé&pfer 1938, p. 152):
“Only in the early stages of the cremation, as long as the body is still lying in-
tact on the grate and the incoming air finds combustible material everywhere, is
it possible to work with small amounts of excess air. Towards the end of the
cremation, on the other hand, when combustible material can be found only here
and there, a large part of the air passes through the muffle without coming into
contact with any combustible material. ”
Kessler has not indicated the average CO2 content and the Excess Air for the
eight cremations with coke. He has noted only that during the preheating phase,
with an average CO; content of 11% corresponding to an Excess Air ratio of
1.86, the combustion can be considered economical, and merely adds (Kessler
1927, No. 9, p. 152):
“During the cremation of the corpse it is more difficult to maintain an economi-
cally good combustion, because in the initial phase of the cremation one must
feed the greatest possible amount of air in order to suppress smoke formation,
while in the second phase, even with the air vents completely closed, the quantity
of air flowing into the muffle through the invisible cracks in the furnace is rather
higher than what is needed for the remains of the corpse burning on the grate.

The attendant has the task of maintaining combustion as economical as possible

in both cases (high CO, content with minimum excess air). The control equip-

ment mentioned initially gives the necessary indications in this respect.”
The chart for CO, + Oz, which is shown above the temperature curves (docu-
ment 48), is insufficient to judge the economics of the combustion: there are on-
ly few data points, and they are moreover limited mainly to the initial stage of
the cremation. Here we have an average CO> content around 10 to 11% with a
few peaks at 17%. In the second phase the average CO, content dropped notice-
ably down to 3 to 4%.

The experiments of cremation with briquettes (Documents 49 & 50) and
with city gas (Documents 51 & 52) can be retraced in the same way on the re-
spective charts.

The cremation experiments with briquettes were similar to those with coke.
Of course, briquettes having a lower I.h.v. than coke, the fuel consumption in-
creases, as shown in the chart of the furnace operation (Document 47). The To-
tal Consumption (A) was, in fact, 10.66 Zentner or 533 kg. The more-frequent
loading with smaller amounts of briquettes was required by the nature of the
fuel. The control of the vents and of the doors followed essentially the same pat-
tern as with coke, but the Curve for the draft of the hearth (D) shows stronger
fluctuations (between 1 and 8 mm water column). The formation of smoke, too,
was almost equivalent.

The temperature curve for the muffle (Document 50) rises in a very irregular
way in the preheating stage. The first corpse was introduced at about 960°C.
The shape of this curve clearly reflects the various phases of the cremation:
strong initial temperature rise (up to 1,080°C) when the coffin burns, strong
drop (down to 670°C) during the evaporation phase, renewed increase during
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the combustion of the corpse and a decrease towards the end because of the ex-
cess air.

In the cremations with gas (Document 51), the Consumption (A) was 202
m3. Smoke formation seems to have been higher. Of particular interest are the
Curves E and F for the draft at the two dampers of the flue duct. Kessler writes
in this respect (ibid.):

“When one damper is open, the other must be closed. The chart shows that the

draft at the damper closed from time to time does not go down to zero; this is

due to the fact that the dampers do not close hermetically against their frames.

Here the chimney draft absorbs a portion of the combustion air (primary air)

brought to the muffle of the furnace.”

The temperature chart (Document 52) shows for all cremations — except the
fourth — a drop in the muffle temperature immediately upon the introduction of
the coffin varying between 40°C (first and eighth cremations) and 100 to 110°C
(third and seventh cremations) with a peak at 190°C for the sixth cremation. A
similar effect, although on a smaller scale, was noticed also for cremations with
briquettes (drops between 20 and 75°C) and, to an even lesser degree, for coke
operations (drops between 10 and 30°C in the second, fourth, fifth and eighth
cremations). Kessler links this effect to four causes (ibid., No. 10, p. 166):

“1. Cooling of the muffle caused by an influx of colder ambient air when the cof-

fin is loaded.

2. Heat loss from the wall of refractory clay due to the necessity of bringing the

coffin, its fixtures and the corpse up to the ignition temperature.

3. Thermal balancing between the colder combustion air — fed to the muffle in

large amounts during the early stages to prevent smoke formation — and the

muffle temperature.

4. Leakage of air into the muffle through the cracks of the furnace; this air, de-

pending on the chimney draft, has a temperature to a greater or lesser degree

lower than that of the air entering along the intended path. ”

The initial temperature drop for cremations with coke and briquettes is smaller
than in the case of gas because in this latter case the burners are shut before the
coffin is introduced, whereas with coke and briquette-fired furnaces there is still
enough heat flowing into the muffle from the gasifier to limit this temperature
decrease. As Kessler explains (ibid., p. 168):
“A reduction of the muffle temperature to a certain degree during and after the
introduction of the corpse is an unavoidable and inescapable necessity of the
cremation process, even in well-run furnaces. The extent to which this tempera-
ture decrease can be opposed without additional heat brought in from the heat
generator depends on the following factors:
a) whether and to what degree the corpse produces heat during the cremation
and transmits it to the muffle of the furnace;
b) the possibility of supervising the cremation process in the furnace from the
heat-technological point of view by means of appropriate instruments and of
controlling the combustion air by means of closures which seal properly and
hermetically;
c) the mass of refractory clay which acts as a thermal accumulator.”
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The primary objective of Kessler’s experiments was to determine the kind of
fuel which would provide the most-economical cremations. The results are
shown in the following table:

Table 1: Fuel Consumption during Kessler’s Experimental Cremations

Consumption
. per cremation | per cremation
Fuel preheat | 8 cremations | Total (+ preheating) | (— preheating)
Coke 200 kg 236 kg 436 kg 54.500 kg 29.500 kg
Briquettes | 276 kg 257 kg 533 kg 66.625 kg 32.125 kg
Gas 108 m3 94 m3 202 m® 25.250 m? 11.750 m®

The L.h.v. of the three types of fuel as given by Kessler was 7,000 kcal/kg for
coke, 5,000 kcal/kg for briquettes and 4,500 kcal/m?3 for city gas. This results in
the following table for the heat consumption in 1,000 kcal (Mcal):

Table 2: Energy Needs during Kessler’s Experimental Cremations

Energy consumed (Mcal)
. per cremation | per cremation
Fuel preheat | 8 cremations | Total (+ preheating) | (— preheating)
Coke 1,400 1,652 3,052 381.500 206.500
Briquettes | 1,380 1,285 2,665 333.125 160.625
Gas 486 423 909 113.625 52.875

Kessler’s comment on the consumptions for the preheating stage is as follows
(ibid., No. 9, p. 159):
“The muffle is taken from the same initial temperature to the same introduction
temperature in all three cases. If we assume that the amount of heat developed
during the preheating stage with gas is transferred completely to the muffle, we
may say that, for coke and briquette operation, some 900,000 kcal are lost main-
ly for heating the walls of the gasifier and those parts of the refractory material
in the furnace which are not touched by the gas, as well as through radiation
from these parts to the surroundings. These losses should be avoided if at all
possible.”
The ratio of heat consumption for gas to that for coke is 486 + 1,400 = 0.35 for
the preheating phase and even less for the 8 subsequent cremations: 423 + 1,652
=0.25, i.e., for the cremations the energy consumption in the case of gas is one
quarter that for the case of coke. This depends on yet another important factor,
as explained by Kessler (ibid.):
“Whereas for gas heating the heat required can be precisely controlled, in the
case of coke or briquettes heat is produced even at times when it is not needed,
because even though it is possible to reduce the combustion in the generator, it
cannot be stopped altogether; otherwise the fire would go out.”
From these considerations we can see clearly that the heat consumptions of a
coke-fired furnace and a gas-fired one are not directly comparable, and this is
all-the-more-true for a furnace designed to run exclusively on gas, such as the
Volckmann-Ludwig Furnace (cf. next chapter).
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The experiments described in this chapter were carried out under optimum
conditions using proper instrumentation and under the supervision of a special-
ized engineer. This had a marked influence on the fuel consumption. Kessler
himself notes with respect to the use of gas as a heat source (ibid., p. 153):

“I wish to point out that previously, because of insufficient supervision of the
furnace and excess of air, consumption was roughly twice the above figures or
more.”

The question of the durations of cremations will be dealt with in Chapter 6.

In 1927 scientific cremation experiments in a coke-fired furnace were also
run at the Biel Crematorium (Wilhelm Ruppmann System; Document 53) under
the guidance of the engineer Hans Keller, who wrote two extensive reports
about the work done (H. Keller 1928 & 1929). We will summarize the essential
results of the experiments for this case as well.

Concerning the temperature evolution, H. Keller noted (1929, p. 2):

“After the introduction of the corpse, the coffin catches fire immediately and the
temperature goes up by 100-150°C. Five minutes later, it again goes down by
100-200°C, even though the lid of the coffin has not yet burned and the tempera-
ture of the combusted gases [coming from the gasifier] is 1,000°C and higher.
The heat provided by the combustion of the coffin and the heat supplied by the
combusted gases therefore do not suffice to maintain the temperature at a high
level. From this we can see how intense the evaporation [of the corpse water] is.
The temperature then fluctuates continuously over a half hour. This underlines
the irregularity of the cremation. If, on account of the generation of water vapor
and a subsequent increase in internal pressure, an organ bursts in such a way
that its liquid diffuses into the cremation chamber, the temperature drops imme-
diately because the liquid evaporates.

These fluctuations of the temperature also affect the formation of smoke. At this
stage, with the instruments at his disposal and depending upon the size of the
corpse, the operator can sometimes just barely avoid the formation of smoke and
sometimes not at all. After half an hour the temperature becomes more stable,
the combustion steadies, evaporation dies down, possibly because the major
part has already taken place, and the temperature in the cremation chamber
now begins to drop steadily, down to about 800°C at the end of the cremation.”

In the other report H. Keller explains the matter in greater detail (H. Keller
1928, pp. 24f.):

“After the introduction of the corpse, first of all the coffin burns partially. The
temperature of the cremation chamber therefore rises by about 100°C. At the
same time, however, we have an intense vaporization of the volatile parts of the
body, which account for 70% of the body weight. This phase change requires a
great deal of heat, and the temperature drops rapidly. The instruments record [a
temperature decrease of] 100-200°C. During the evaporation, the solid sub-
stances, too, begin to decompose, and the products begin to burn, if they are at
the necessary ignition temperature and if there is enough air. This decomposi-
tion, likewise, absorbs much heat and thus causes a temperature drop in its turn.
If the ignition temperature is not reached, the gases will leave the cremation
chamber and possibly even the chimney uncombusted, forming visible smoke.
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Heat must therefore be supplied. While there is substantial heat available in the
walls [of the cremation chamber], it cannot be supplied to the individual parts
[of the corpse] in sufficient amounts nor quickly enough. This means that after
the gases have formed, they are immediately drawn into the chimney by the draft
and cannot combine well with the required oxygen; an indispensable element for
the combustion is therefore missing. Hot air improves conditions considerably.
It is present during the formation of the gases, promotes them and combines
with them quickly and easily. If, because of the draft of the furnace, the combus-
tion no longer takes place in the cremation chamber, the mixture is still present
and combustion can occur in the post-combustion chamber or in the recupera-
tor. One therefore has to make sure that the air is sufficiently hot and does not
cool down excessively on account of the evaporation and the decomposition, be-
cause it has only a low heat content, and the temperature drops significantly
with even minor heat losses. The accumulation of heat is necessary precisely in
order to avoid excessive cooling.”

These considerations take us to an important observation by H. Keller with re-
spect to the function of the recuperator (ibid., pp. 27f.):

“Like everything else in the world, cremation, too, takes time. In the course of

the cremation, the chemical and thermal processes are so difficult and complex

that they cannot occur suddenly, as for example in the case of gasoline; evapo-
ration, dissociation, decomposition, gas formation etc. of the parts to be burned
proceed rather slowly. When combustible gases — light and heavy hydrocarbons
as they are called in chemical and technical terms — are formed in this way, they
are immediately drawn along by the chimney and, for the greater part, can no
longer burn in the cremation chamber or the post-combustion chamber but move
into the recuperator. If [this device] is sufficiently hot, they will ignite, because
there is sufficient air, even hot air, and the technical process of combustion will
take place here. The lighter hydrocarbons will probably undergo combustion al-
ready in the post-combustion chamber, but for the heavier ones — the majority —
sometimes even the recuperator is insufficient, and they will leave the chimney
in the form of smoke and enter the atmosphere. From this explanation it can be
seen that the main function of the recuperator is the realization and more par-
ticularly the completion of the combustion and not [just] the preheating of the
air.”
The cremation experiment H. Keller described in his two accounts concerns a
corpse of 100 kg. Cremation took three hours, coke consumption was 79 Kkg.
Hence, we have here a cremation decidedly different from those considered
previously: H. Keller tried to maintain Excess Air at a level as low as possible —
operating for the better part of the cremation with a coefficient of hardly 1.55
(H. Keller 1929, p. 2) — but in so doing he slowed down the combustion process
considerably, and hence the cremation lasted three hours, more than twice the
average time for Kessler’s cremations with coke (86 minutes).

The experiments run by Hans Keller at Biel in the 1940s, in his effort to de-
termine the causes for the creation of smoke during cremation, are particularly
interesting and merit our attention, although they concerned an electric furnace
(Brown Boveri & Co. System; see the next chapter). Actually, these experi-
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ments yielded data which complement those gathered in the late 1920s by Kess-
ler and H. Keller himself.

H. Keller’s account (1945b) includes various charts, which | have repro-
duced in the documents volume, and on which I will make comments.

Charts of Figures 1a, 1b, and 2 (Documents 54-56)

In these charts the vertical axis shows the volume of the discharge gas in m3/hr,
drawn in by the furnace fan (a forced-draft device), the horizontal axis shows
the cremation time in minutes. The curves thus show the rate of discharge gas at
any stage of the cremation and hence also the combustion speed of the coffin
and of the corpse.

For example, in the first chart (Document 54),3* at the beginning of the cre-
mation of a 110 kg corpse, the volumetric gas rate (at 380°C) is 1,750 m3/hr. It
goes up to 2,975 md/hr after 10 minutes because of the combustion of the coffin
and then drops to 2,730 m3/hr, as evaporation sets in, slowing the combustion.
Then, with increasing gasification activity, combustion becomes more pro-
nounced and the curve starts to rise again. After one hour it reaches a peak at
3,570 m3/hr and then gradually drops to 1,200 m3/hr at the end of the cremation
after 90 minutes. This body has therefore been readily combustible.

In the chart of Figure 1b (Document 55), the corpse of 110 kg is likewise
easily combustible. Here the apex of the curve is at 2,980 m3/hr and occurs 50
minutes after the introduction of the coffin. In the other cremations the maxi-
mum is reached after 10 minutes, i.e. during the combustion of the coffin.

The chart in Figure 2 (Document 56) shows the curves for a 110-kg and an
80-kg corpse. H. Keller comments (ibid., pp. 18f.):

“As shown by Figure 2, the recorded points are so numerous that we may say
with assurance that 2,740 m3/hr was the maximum gas-flow rate. It is surprising
that this point was reached after 15 minutes. This is the result of the combustion
of the coffin. When it has mostly taken place and has been replaced by evapora-
tion, combustion is slower, the gas-flow rate lower and the curve drops. After 30
minutes there was a sudden decrease in the flow rate that was probably caused
by the bursting of an organ. This icreased the formation of water vapor. The
heat thus consumed slows down the combustion, and the curve drops because
the gas rate goes down. This repeats itself several times up to Point 7, one hour
and 16 minutes after introduction. From that point on the curve drops rapidly
and cremation is essentially finished. The other curves show similar features;
they are lower, simply because the corpses were not as heavy and developed less
gas.

The cremation of the 110-kg corpse was finished earlier than that of the 80-kg
body. The flame progresses more quickly, therefore the curve rises higher. In
other words, the corpse of 110 kg burns better than the one weighing 80 kg. Ac-
tually, in the case of the 110-kg corpse, one could see only flames. When they
died down, the cremation was done.”

3 In this document the two cremations of 21 August 1940 are represented by a single curve.
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In the charts mentioned, the flow rate of the fumes is not given in Nm3 but in
physical cubic meters at the respective temperatures indicated. The flow rate of
the fumes (Vs) is directly proportional to the absolute temperature and follows
the temperature according to the equation:

Vi= Vo (1 + at) [40]

Where o = Y,73°C™ and Vo is the flow rate at 0°C. To obtain the flow rate in
Nm3 it is thus necessary to apply to the values indicated in the charts the equa-
tion:

Vo= Vi/ (1 + at) [41]

The values obtained with Charts 1a and 1b (Chart 2 does not show the tempera-
ture of the discharge gases) 50 minutes after the introduction of the coffin with
the body are as follows:
— Figure 1a (Document 54)
1,492 m3/hr for the corpse of 110 kg
710 m3/hr for the corpse of 70 kg
627 m3/hr for the corpse of 55 kg
— Figure 1 b (Document 55)
921 md¥/hr for the corpse of 110 kg
541 m3/hr for the corpse of 70 kg
340 m3/hr for the corpse of 50 kg.
The three cremations of the corpses weighing 110 kg had the same duration, 90
minutes, and also a fairly similar pattern: in the first 10 minutes the gas-flow
rate went up because of the combustion of the coffin, then it dropped noticeably
for another 10 minutes, after which it picked up again reaching a peak around
50 to 55 minutes after the start of the cremation. It then dropped suddenly to-
ward the end of the cremation (Figures l1a and 1b) or after having fluctuated
around the maximum values for about 20 minutes (Figure 2).

It is obvious that, everything else being equal, the gas-flow rates for a coke
gasifier would have been even greater, because we would not only be dealing
with the gases from the corpse but also with those of the gasifier.

Figure 3 (Document 57) refers to the content analysis of the discharge gases
of three cremations. In the corresponding charts, the lower curve gives the CO
content, the middle one the CO, + O content, and CO; represents an excess of
oxygen, which is proportional to the excess of air.

In the upper and middle chart, Excess Air, at 10 to 15 minutes after the in-
troduction of the coffin, is very slight; hence, there was smoke generation. The
amount of air is very close to the theoretical value. When this is reached, the
two curves coincide. In the upper chart, their distance apart indicates an excess
of air of 5% (Excess-Air ratio of 1.05). When the Excess Air increases, the
smoke disappears. In the first half hour, CO also forms, which reaches 3% at its
maximum. At the end of the cremation, the Excess-Air ratio rose to 4.25, and in
the middle chart even to 9.50; in the lower one it reached 6.00.
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The average amount of CO; is 7.8% for the upper chart, 9.8% for the middle
one, and 8% for the lower one.

Figure 4 (Document 58) shows the temperature curves for two cremations.
Curves | and 11 refer to the temperatures in the cremation chamber and at the in-
let to the recuperator, Curve Il shows the temperature of the air beyond the re-
cuperator, and Curve IV the temperature of the gases just upstream of the venti-
lator. As H. Keller notes (ibid., pp. 24f.):

“If the second curve crosses over the first, we have in the [discharge] gas chan-

nels a temperature which is higher than in the muffle, hence there is combustion.

This means that combustion in the muffle is not yet complete but continues in the

recuperator.”

This happened precisely in the second cremation and confirms H. Keller’s ob-
servation of 1927 regarding the function of the recuperator.

For this case, too, we must stress that the efficiency of an electric furnace,
because of its different system of operation, cannot be directly compared with
that of a coke-fired furnace.

5. Technical Developments of Cremation Furnaces in
Germany in the 1930s

The experience and knowledge acquired in the 1920s were put to use in the new
installations built at the end of that decade and in the following one: the furnac-
es with coke-fed gasifiers were perfected, but at the same time other heating
systems were developed using gas and electricity, which were soon to supplant
coke furnaces because of their greater practicality and better economy.

5.1. Furnaces with Coke-Fed Gasifiers

The structure of the new models took into account the decisive factors for an
improved heat management brought to light by Kessler’s experiments; they
showed a marked improvement in efficiency. The Dessau engineer Peters re-
ported that the old Beck Furnace, after being rebuilt on the basis of the new
principles of heat technology, saw its coke consumption halved, going from 300
to 150 kg of coke for the preheating and the first cremation. The new gasifier
furnaces required 150 to 175 kg of coke for the preheating and the first crema-
tion and some 50 kg for each subsequent 6 to 8 cremations in succession (Peters
1930, pp. 56f.).

Among the most-important technical innovations of that period one may cite
the reduction of the horizontal cross-sectional area of the gasifier, which went
from 70 cm by 90 cm to 40 cm by 50 cm, the installation of a post-combustion
grate, an improved air feed and, finally, more-efficient recuperators.

At that time, the most-significant German companies for the design and con-
struction of cremation furnaces — aside from J.A. Topf & S6hne of Erfurt, which
led the field in sales — were Gebrlder Beck of Offenbach, Didier (later Stettiner
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Schamottefabrik A.G.) of Stettin, Ruppmann of Stuttgart, and Kori of Berlin. In
the early 1930s, H.R. Heinicke of Chemnitz made its entry into the market with
the Volckmann-Ludwig Furnace, which we will discuss in Section 2 of this pre-
sent chapter.

The new Beck Furnace (Document 59) contained major technical innova-
tions which Wilhelm Heepke describes as follows (1933, pp. 123f.):

“In the most-recent Beck design, Fig. 3, the change from rectangular recupera-
tor channels to patented triangular sections c; and c; is of interest, as is the in-
crease of the cross-sectional areas of the discharge-gas channels c; at the ex-
pense of those of the air channels c; in the Didier furnace, fig. 4 [Document 60].
These measures aim at a better adaptation of the channel sections to the flow
rates and, in particular, to the large amounts of discharge gases generated here
for the purpose of the elimination of smoke.

The triangular recuperator of the Beck design permits the air to be heated to
600°C and higher. The incorporation of several openings for the corpse-com-
bustion air into the vault of the coffin muffle can be considered a further innova-
tion.

The Beck furnace has the advantage that the combustion gases are drawn from
the front to the rear. Thus, no gases can escape into the furnace hall when the
main gate is opened for the introduction of the coffin. Once the ash has fallen
onto the inclined plane below the coffin grate, possibly still containing some
combustible portions, it is moved to the post-combustion grate e, where it burns
out completely. Then this grate is turned over, causing the ash to fall into the
ash-container d below. ”

Didier’s new furnace, too, was much improved (Document 60). In this respect,
Heepke notes (ibid., p. 124; cf. Chapter 7):

“The Didier furnace is a rather heavy structure for large crematoria and con-
tinuous operation. For installations with relatively few cremations, the furnace
is held in stand-by at a lower temperature in its bottom by closing one or two
channels of the recuperator so that reheating can be done more quickly. Finally,
with the Didier furnace, there is the possibility of feeding back into the muffles,
by way of the flue duct, the combusted gases coming from the muffle a before
they enter the recuperator ¢, which leads to energy savings when heating the
muffle a for the cremation of a subsequent corpse. On account of the separation
of the gasifier b from the muffle a, fire management for heating the muffle can be
run in such a way that the combusted gases from the hearth cannot enter the
cremation chamber during the cremation itself.”

Noteworthy also is the cremation furnace built by a relatively unknown firm, W.
Muller of Allach. This furnace is described in great detail in an offer from the
owner of the company to the Dachau Concentration Camp. It refers to the fol-
lowing items:*®
“1. Supply of the bricks needed for the erection of the furnace, including sand,
lime and cement for about 10 m2 of brickwork in red brick.

3 W. Miiller, Ingenieurbiiro/Industrieofenbau. Allach bei Miinchen. Angebot auf einen Feuerbestat-
tungsofen mit Koksbeheizung nach beiliegender Zeichnung. An die Reichsfilhrung SS der NSDAP,
Munchen, Karlstrasse. 2 June 1937. AKfSD, 361/2111.
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2. Supply of all refractory material including mortar all in best quality suitable
for the purpose. Total weight about 15,500 kg.
3. Supply of insulating material needed, in a weight of about 1,200 kg.
4. Supply of the following equipment: one coke hearth complete with front plate
[of grate], doors for slag and ash, door for hearth, the complete grate with sup-
ports and bars, air-feeding equipment with controls, air vents for secondary air,
discharge-gas damper with steel ribs, a complete closure for the cremation
chamber with lifting device, a door for closing the furnace in wrought iron with
frame, a wrought-iron hood for the closure of the cremation chamber, a reversi-
ble grate for the post-combustion chamber, various small parts, a wrought-iron
box for the ash, maintenance tools. Total weight about 2,300 kg.

5. Supply of a complete facing of wrought iron, including bolts, with silver-grey

refractory aluminum paint. Total weight about 2,800 kg.

6. Erection of the furnace from the foundation to the smoke damper by my spe-

cialists, except for the supply of assistants and helpers.

7. Travel costs for my specialists and their tools.

8. Expenses for the rail shipment of my goods to Dachau Station including

transport to site as well as unloading and storage at site (on basis of a maximum

distance from crematorium to unloading site of 2 km).

9. Drying and start-up of furnace by my operators or engineers as well as a test

cremation during which your personnel will be instructed in the proper control

of the furnace. It is assumed that the start-up will take place as soon as the fur-
nace has been completed.” (Emphasis in original)
The offered price of this furnace amounted to 9,250 RM (Reichsmark). Exclud-
ed from the offer were all building works not concerning the furnace directly
and also “the supply of an animal carcass and of a coffin for the test cremation,
as well as the supply of fuel for the drying-in of the furnace and the test crema-
tion.”

The accessories for the furnace consisted of an introduction cart for the cof-
fin (380 RM), a special blower for the hearth (420 RM), a coke-fired pilot
hearth for the chimney (400 RM), a device for measuring the temperature of the
cremation chamber (195 RM) a manometer for measuring the draft in the dis-
charge channel (3.5 RM). The Miiller Company offered furthermore the materi-
als for and the erection of an 18-m-high chimney (except foundations) with a
cross-sectional area of 50 cm - 50 cm and an internal lining of refractory materi-
al up to ¥ of the height (6 m) for a price of 2,100 RM.

The furnace was designed on the basis of a new, patented process of heating
and cremation, which the owner of the firm describes in the following terms
(ibid.):

“The furnace is furthermore equipped with a grate made of refractory clay of a

special type which allows the retention and the accumulation of heat during

heating-up.

In contrast to the furnaces built in the past, the combustion of the coffin and of

the corpse is carried out in an upward direction, the combusted gases being

blown against the vault and the sidewalls, which store the heat given up by them

[i.e. the gases]. After the exothermic phase of the combustion, the accumulated

heat is returned for the remainder of the combustion period.
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In the spaces between the individual refractory bars of the grate, along the cen-
terline of the furnace, special radiating and deflecting roof-like devices have
been placed in such a way that the air blown in from both sides via tubes on the
inclined planes flows upwards through the open spaces, and when this happens,
the air strikes the bottom of the coffin or the back of the corpse strongly and,
moreover, necessarily envelops the corpse from below over its entire surface in
a thin layer [of air].
With this operating system, the amount of air can be controlled so as to conform
to the real or theoretical requirements.
With my cremation process, the cremation of the corpse takes place within a
shorter period of time than before; the ashes, as with a normal grate of refracto-
ry clay, drop down into the post-combustion chamber.
Thanks to the special system of controlled air flow and to the upward combus-
tion, subsequent cremations — in the case of several cremations in one day — can
be executed without further additions of fuel, or nearly so.
The coke-gas needed for the burners is produced in a gasifier located directly
below the floor of the post-combustion chamber. In this way, the radiation from
the glowing coke and the heat of the gas are used to heat the bottom plate of the
post-combustion chamber.
The coke gas forming in the gasifier leaves from both sides in a lengthwise di-
rection through a series of openings slanting upwards and burns there together
with the air coming from the side vents.
The operation of the coke gasifier, as well as the cremation itself, takes place by
means of air coming from a blower, because only with pressurization can an ef-
ficient production and combustion of the coke gas be obtained, yielding high
flame temperatures.
The total mass of the furnace in my cremation process is reduced; the furnace it-
self has been given a smaller and very precise shape. The operation can be
adapted very precisely to the various phases of the combustion.” (Emphases in
original)

The supplier then lists the following technical data (ibid.):

“Fuel: good coke, in pieces, of about 6,500 kcal/kg

Weight of the corpse: about 75 kg.

Weight of the coffin: about 35 kg

Average duration of the cremation: about 1 % hours

To heat the furnace:

1. From a cold furnace to the introduction temperature: about 2 hours.

2. If in operation the previous day: 1 — 1 % hours.

3. If furnace is in operation every day: % to % hours.

Fuel consumption:

1. For heating the cold furnace and for the first cremation: about 175 kg.

2. For the second and third cremations following immediately: no consumption
of fuel [in addition to the coffin’s wood].

3. If a cremation takes place every day, the coke consumption is about 100 kg
for the first cremation; no consumption for the second and third.

Consumption of wood: For each heating, about 3-5 kg of wood are consumed. ”
(Emphases in original)
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5.2. Furnaces Heated with City Gas

The 1930s saw the development and perfection of heating systems based on city
gas, primarily due to the promotion by the building councilor Volckmann and
the engineer Ludwig who designed a revolutionary furnace at the end of the
1920s. Their patent, granted on October 30th, 1928, reads as follows (Deutsches
Reich 1930c.):

“The invention concerns a cremation process and a device for its realization.
Compared to the devices known (cremation furnaces) the furnace of this inven-
tion has a much-simplified and less-expensive structure and works with consid-
erable fuel savings which can even be total in case of continuous operation.

The processes and devices known, besides a hearth having to be in continual
operation, have regenerators or recuperators of large dimensions. The process
and the device of this invention, on the other hand, function without auxiliary
plants of this type and therefore require only about one third of the space need-
ed heretofore.

The operating costs of the device covered by this invention are extremely low
because in continuous operation no heat source is used [except for the coffin’s
wood] and the expenses for the initial heating of the small device are minimal.
The process covered by the invention consists of a cremation muffle which is
maintained at a temperature higher than the ignition temperature of the object
to be burned, by means of the heat developed during the cremation process. This
is achieved by blowing small jets of air directly onto the object to be burned in
such a way that they direct the oxygen needed for the cremation only towards
the object to be cremated; here the diffusion of air throughout the whole space
of the furnace — as is the case in the furnaces known — is prevented or limited
considerably. The jets of air covered by this invention are directed so as not to
strike and cool the walls of the furnace. In this way, these walls come into con-
tact only with the gases produced during the cremation. They absorb the heat
[of the combusting gases], accumulate it and radiate it back to the object being
cremated. In this way, the cremation process is maintained and the furnace can
carry out as many cremations as desired without additional fuel, only air being
needed. This air can even be cold, even if there are longer operating pauses.

A device for the implementation of the process covered by the invention consists
of a cremation muffle with controllable air vents and tubing for compressed air
connected to them. The air vents are placed in such a way that the air jets com-
ing from them do not strike the walls of the muffle but only the object to be cre-
mated. In addition to the muffle there is a post-combustion chamber [Nach-
brennraum] of the usual type which serves for the combustion of the smoke and
of the solid residues; in this invention it is heated only with the glowing com-
busted gases drawn into the chimney.

The drawing shows a schematic representation of an example of the realization
of the cremation device, in Figure 1 as a vertical section, in Figure 2 as a re-
spective horizontal section [cf. Document 61].

A muffle b formed by a brick lining a serves to receive the object c to be cremat-
ed. Connected to the muffle is a post-combustion chamber d in which the ashes
are freed from the charcoal stemming from the combustion of the coffin with
which they are mixed and burned by the fumes on a grate e. Below the chamber
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d there is a collection chamber f. The chambers d and f are accessible through
service openings r and s, which can be closed. The combusted gases flow to the
chimney (not shown) via a flue duct g.
The vault of the muffle has a directing surface h protruding from a table i. This
table is low and rounded so that the remains of the cremation can be moved eas-
ily through the door I into the post-combustion chamber d by means of a rake. A
closable channel k supplies the air for the smoke combustion behind table i.
Muffle b is equipped with a certain number of vents for air and gas which can
all be controlled and directed from the outside, e.g. by means of the closing de-
vices v in the pipes u or by means of valves, dampers or similar, not shown. For
the initial heating of the muffle, there are vents for combustible gas and closable
outlets from channels through which outside air can flow in the direction of the
arrow t. These gas vents m and the air channels n are closed as soon as the muf-
fle is hot enough for the cremation process in order to maintain itself without
any further addition of combustible gas. Instead of this type of additional heat-
ing with gas, any other kind of fuel may be substituted.

When the ignition temperature of the object to be cremated is reached, the com-

pressed-air vents o and p must be controlled. They can be operated either indi-

vidually or in groups. They are placed on both sides of the muffle in such a way
that the jets of compressed air emitted by them strike only the surface of the ob-
ject to be cremated and not the walls of the muffle.

The floor of the muffle may consist of an inclined plane, at the bottom of which

there is a closable opening g for the removal of any metal residue (zinc).

Claims:

1. A cremation process characterized by the fact that in the muffle of a crema-

tion furnace, once the operating temperature has been reached by means of a

heat source of known type and after the extinction of the heat source, the air

needed for the cremation is directed solely towards the object to be cremated in
the form of thin controllable jets from nozzles or similar devices.

2. A device for the implementation of the process according to Claim 1 charac-

terized by the fact that a cremation muffle is equipped with nozzles for the intro-

duction of controllable air jets which, on being ejected, do not touch the walls of
the muffle but strike only the object to be cremated.

3. A device in accordance with Claim 2 characterized by the fact that the post-

combustion chamber of a known type which is equipped with the means already

described for the combustion of the smoke and of the solid residues is installed
immediately below the outlet for the discharge gases from the cremation muffle
and below a baffle wall which creates a turbulence in the combusted gases and
pushes them downwards into the post-combustion chamber.”
The inventors of the new process granted an exclusive license of the patent for
Germany to the H.R. Heinicke Company, then of Chemnitz, which still holds it
(cf. Chapter 11).

The first experimental furnace built on the basis of the new system was set
up in the crematorium of Hamburg-Ohlsdorf in 1929; a year later, another and
also-experimental furnace was built there. In 1930 Volckmann himself drew up
a lengthy report on the results of the operation of the first furnace (2,500% cre-

% \olckmann 1930; the text states “3,500,” but this is a mistake later corrected by Volckmann (1931, p.
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mations had been carried out in seven months with a total consumption of 103
m?3 of gas!), a report that was bitterly criticized by the engineer Kurt Priifer of
the J.A. Topf & Sthne Co. of Erfurt. A feud ensued, into which Richard Kessler
was also drawn. We will come back to this question in Chapter 1 of Unit Il of
this study.

The Hamburg experimental furnaces were extensively described in various
technical articles. Here we present what the engineer Friedrich Hellwig had to
say in this respect. For greater clarity, we also publish Kessler’s drawings which
provide us with schematic representations of the two furnaces in question (Doc-
ument 62):3°

“The furnace differs from those built in the past in that it has neither recupera-
tor nor grate. It consists essentially of a muffle of refractory brick 90 cm wide on
the inside, 90 cm high below the apex and some 3.20 m long, of an outer wall of
brick and a layer of insulation in between. The floor of the muffle consists of
tiles of refractory material, which begin only 30 cm beyond the introduction
door. The combusted gases escape through the resulting gap and along the same
route; the residues of the cremation are withdrawn from the muffle to the post-
combustion grate located below. The latter consists of grate bars narrowly
spaced, with the smaller parts of the ashes dropping through the gaps while the
large portions remain on the grate until they eventually disappear or until they
have finished their combustion. While the remains of one corpse thus burn out
on the grate, another coffin is introduced into the muffle above, the flames of
which slip through the post-combustion grate into the smoke channel below the
muffle and on through the flue duct into the chimney.

For heating the muffle, a number of gas burners have been placed into the rear
wall and the two sidewalls some 20 cm above the muffle floor. Their number and
their locations have so far been varied in the experimental furnaces. On the rear
wall, there have been 4 or 5 burners acting as baffle burners perpendicularly to
the flames of the other burners; they cause a certain heat concentration within
the muffle.

The combustion-air feed takes place via two openings in the rear wall, which
can be closed by means of a vertical-gate valve, and via 20 diffusers spread out
over both sidewalls and the rear wall. Moreover, on the rear wall at the level of
the floor there is a sleeve through which a steel tube can be moved towards the
object to be cremated, the tube being connected to the compressed-air supply by
means of a flexible hose. The diffusers are connected, by means of steel tubes, to
a manifold with valves visible from the outside of the furnace, and ultimately to
the main tube of the air supply which is fed cold air from a motor-driven bellows
pump. The various diffusers and their control valves allow the air feed to be di-
rected to individual parts of the furnace. [...]

The furnace is characterized by the fact that

80).

37 Hellwig 1931a, pp. 396f. A few months later this journal published a reply by Volckmann and Lud-
wig on the question of the acceptability of their furnace in Prussia (Volckmann/Ludwig 1931) and
Hellwig’s reply (1931b, pp. 616f.).
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1) the muffle is simple, very small, has no regenerator, no recuperator and, in
some cases, no grate, and is equipped with a single floor and with distribution
devices which take the necessary air to the surface of the object to be cremated;
2) the muffle has a diagonally cut flat table;

3) on both sidewalls of the muffle are located groups of exchangeable, control-
lable injection devices whose direction can be controlled [Document 63];

4) there is a further hearth with a nozzle for a gas burner and an air channel
opening up below, both controllable and closable;

5) the floor of the muffle is slightly slanted diagonally.

In Issue No. 5 of the second year of Zentralblatt fur Feuerbestattung, the civil
engineer Volckmann has written at length about the results of the operation of
the experimental furnace in Hamburg-Ohlsdorf, which conforms to the above
specifications. Unfortunately, the furnace on which the report was based was
dismantled after 14 months of operation, and the presently available furnaces
built in accordance with the same principle do not work quite as well. During
our observations, the combustion of the smoke was incomplete. The average
consumption of city gas as a fuel is not 0.03 m3®! either, but about 1.0-1.1 m?
for each corpse, as opposed to 11-15 m3 in crematoria having the same frequen-
cy [of cremations]. The savings are therefore quite considerable and the operat-
ing cost for each cremation are at present 1 m3 of gas at 0.13 marks and 3.5
kWh of electricity for the blower at 0.16 marks [per kwWh], for a total of 0.69
marks. We know, on the other hand, that the operational expenses at Dessau are
3.10 marks and at Treptow 4.50 marks. However, here it is possible to go down
to 2.00 marks if, as in Hamburg, 16 corpses per day are cremated, because
there is less preheating. This energy saving is due to the heat being contained in
the small muffle and to an operation at minimum draft and rather low tempera-
tures (between 500 and 650°C):B% here the calorific value of the coffin and of
the combustible parts of the corpse take effect. ”

Hellwig then notes that under favorable conditions it was possible to perform
the cremation on the basis of the heat furnished by the coffin and the corpse
alone, without additional fuel, and adds (ibid.):

“These conditions exist in a Volckmann-Ludwig furnace when it is heated to a
temperature of about 600°C. If one normal corpse follows another, the process
goes on without additional fuel, and even the next day, if the insulation is good,
a minute supply of gas of a few cubic meters is enough to keep the furnace ready
to be used the whole day. The corpses of persons who died of cancer, of lung
diseases and those of the elderly require additional fuel; with these, the calories
of the fatty tissue of the body have been consumed by the disease or by old age.
For all corpses, the cremation of the solar plexus (a complex of nerves at the pit
of the stomach) takes longer because it contains much humidity. There are also
a few special cases, for example the lungs of a stonemason, which contain sand-
stone dust. At the present time, the Hamburg furnace does not burn the solar
plexus completely within the muffle; this takes place only on the post-combustion
grate, and from that point of view there is still progress to be made. According

3 The reference is to Volckmann’s assertion in the journal mentioned above to the effect that the exper-
imental furnace at Hamburg had carried out 3,500 (actually 2,500) cremations with 100 m3 of gas, i.e.
an average of 0.03 m3 per cremation.

3 Coffin-introduction temperatures.
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to legislation now in force, this furnace is not acceptable in Prussia because it
houses — albeit in two separate locations — two corpses at the same time.”

In 1932, after the demolition of the two experimental furnaces, four new
Volckmann-Ludwig Furnaces were installed in the Hamburg Crematorium
(Documents 64f.). Volckmann describes them in the following way (Schumach-
er 1939, pp. 24f.; cf. Manskopf 1933, pp. 772-775):

“Each of the four furnaces installed for Hamburg has three powerful gas burn-
ers, one with an hourly throughput of 30 m3, the other two set up for an output of
5 m3 per hour each. The gas arrives at the burners under the pressure of the gas
line; the combustion air is fed by means of a blower, so that disruptions in the
gas combustion — for example on account of an excessive closure of the smoke
damper — are eliminated. A single lever, acting simultaneously on the gas and
on the air feed, controls the flames. By turning the lever in the opposite direc-
tion, it is moreover possible to close only the gas supply and to feed a larger or
smaller amount of air to the furnace through the burners. The air-supply system
continuously returns to the cremation process a large part of the heat generated
during the cremation without the need for recuperators, and thus allows — once
the furnace has reached its operating temperature — to carry out a cremation
without additional gas. An essential feature of the new furnaces is that, in con-
trast to older types, the cremation air is brought only to those points where it is
needed at that moment. Only in this way is it possible to carry out the cremation
with clean air only. The cremation proceeds practically without smoke and re-
quires so little time that a single furnace, in an uninterrupted 24-hour operation,
can handle 20-22 cremations per day. However, generally this capacity is not
exploited. Rather, so many furnaces should be operating simultaneously that a
coffin can be introduced right after the end of the funeral ceremony, so that the
bereaved can be present during the introduction. The gas consumption, which
depends upon the reheating after interruptions in the operation, is generally
about 1.5 m3 per cremation for intensive use of the furnaces. Thanks to the elim-
ination of the recuperators, it has been possible to place the furnaces on one
floor and to provide, in this way, a large and well-lit workspace.
All the devices needed for the operation have been brought together on the front
panel and are well arranged so that their use is extremely simple. The whole op-
eration can be done without effort and with the most meticulous cleanliness. The
introduction chamber is separated from the service room of the furnaces. On the
outside, the furnaces are covered with a cladding of aluminum and are thus not
only protected from air leakage but also fit visually into their environment in a
dignified way.”
A Volckmann-Ludwig Furnace was installed by the H.R. Heinicke Company at
the Stuttgart crematorium as early as 1931. In the following year, the municipal
building superintendent R. Wolfer wrote a detailed description of the results
achieved with this furnace (Document 66) from which | quote foremost the pre-
cise technical description of the device (Wolfer 1932a, pp. 151-154):
“The Volckmann-Ludwig furnace, designed by the Hamburg civil engineer
Volckmann together with the engineer Ludwig and tested in the Ohlsdorf crema-
torium over the past few years, differs considerably from the furnaces used so
far, especially because instead of the usual grate it has a particularly shaped
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and completely closed muffle which encloses the coffin in the tightest way possi-
ble. A recuperator has been entirely left out, except for a small preheating de-
vice for the combustion air. The design, with its compact structure and a consid-
erable reduction in the heat accumulation, aims for a minimal preheating time
and minimal heat consumption. Furthermore, this design is especially notewor-
thy for the layout of its combustion-air supply to the muffle, well-planned and
patented, which uses so-called diffusers of hot and cold air.

The furnace erected at Stuttgart has maintained essentially the basic structure of
the Hamburg experimental furnaces and of the normal furnaces built by the
Heinicke Co., but it does present a number of differences, partly on account of
local conditions, partly for reasons of more-recent developments.

The cremation facilities already existing at Stuttgart caused the furnace to be
adapted accordingly. Normally, it needs only a large space in the back, but no
basement specially built for the purpose; here, it was integrated into two floors.
The control of the furnace takes place only on the upper floor. There have been
structural reasons for the combustion gases to be channeled down into the
basement and to be fed into the existing flue-gas duct running below its floor.
Any doubts that were raised earlier with respect to this downward channel of
some 3.5 m in length in a gas-fired furnace turned out to have been entirely un-
founded. The draft of the existing chimney, rising some 20 m above the flue duct
and having an internal diameter of 650 mm, is impeccable. Moreover, the floor
of the muffle, which in the normal type [of furnace] is a little below the floor of
the hall, has been raised some 400 mm above it to bring the introduction open-
ing into line with the furnace next to it, for esthetic reasons and also in order to
be able to make use of the existing trolley for the introduction of the coffin.

Aside from these changes in the fundamental structure [of the furnace], which
were due to local conditions and partly to our initiative, the Stuttgart furnace
has for the first time incorporated a number of innovations which can, without
doubt, be called improvements on the original design. The spent gases, which in
the Hamburg furnaces leave near the introduction door, are now discharged
along the two sidewalls of the furnace into three channels on either side at a
certain distance from one another. Before entering the vertical flue duct, they
cover the entire floor of the muffle and heat it from below in the most satisfacto-
ry way. This arrangement also prevents any excessive heating of the closure of
refractory clay, which shuts the muffle. Furthermore, the spent gases are no
longer directed into the post-combustion chamber as in the Ohlsdorf experi-
mental furnaces. Instead, this [chamber] is completely separated from the muffle
by means of a lid made of refractory clay which stays closed throughout the
cremation and is opened only when the cremation has reached a point at which
the residues may be moved to the post-combustion; the residues are then raked
down and the lid is closed immediately.

Now the furnace is ready for a further cremation, even as the ashes from the
preceding corpse and the wood of the coffin, which has still not burned com-
pletely, can burn out on the post-combustion grate, which, if needed, can be
heated further by means of a special burner. Therefore, any risk of mixing the
residues of the corpses simultaneously present in the same furnace is completely
eliminated.
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The number of cremations is always rather large (some 1,200 per year, up to 10
per day) and thus, for reasons of economy and to avoid any congestion, one
must try to introduce a corpse into the muffle as soon as the previous one has
been moved to the post-combustion grate.

The complete isolation of the post-combustion chamber and its separate heating
system obviously entails a slight increase in gas consumption. The unloading of
the furnace after each cremation is not done, as in Hamburg, by opening the in-
troduction door at the front — an operation by which much heat is lost — but via
an opening in the rear, using special rakes. That is the only manual operation
still needed.

Recent efforts by some companies in the field aim at eliminating even this ma-
nipulation and at devising a totally automatic cremation process, for example by
placing the coffin on a mobile support or similar. It remains to be seen, howev-
er, whether such new designs turn out to be efficient in actual operation and,
first and foremost, whether such further mechanizations and refinements of the
cremation will demonstrate that they fulfill sufficiently the requirements of es-
thetics and reverence, which are always stressed, with good reason, by the pro-
ponents of cremation.

The section of the muffle is more-or-less parabolic and thus ensures not only a
solid brick structure but also favorable radiation conditions.

The post-combustion grate consists of cast-iron bars with narrow slits (only
about 4 mm wide) between the bars, and therefore only very fine and well-burnt
particles can fall through into the ash receptacle. The latter is 420 mm wide and
600 mm long. The post-combustion chamber as such is 550 mm high. Thus, it of-
fers sufficient space for the combustion of the residue and of remnants of the
coffin dragged along from the muffle.

The necessary combustion air enters through a grate in the rear part of the fur-
nace. It is well heated by passing through a system of channels in the furnace
outlet. The discharge gases from the post-combustion are led to the main dis-
charge line through a short collection channel. When the residue on the grate of
the post-combustion chamber is completely consumed, the post-combustion
grate, set in a wrought-iron frame and easily moved, is extracted with a pair of
tongs. At this point the ashes are removed, falling automatically onto an inclined
plane and into the ash collector placed at a convenient level in the basement.
The outward shape of the furnace differs very favorably and markedly from the
traditional shape of a cremation furnace. Its dimensions are smaller than those
used in the past (width 2.20 m, length 3.10 m, height 1.70 m). The front surface
is not truly rectangular; rather, the upper angles are bevelled to be more in
keeping with the shape of the muffle. The sidewalls and the roof of the furnace,
as is the introduction door, are clad in a most-agreeable and at the same time
most-appropriate way by aluminum plates. Thus, the furnace is well-protected
against any air leakage.

The weight of the refractory material of the furnace has intentionally been kept
low to make preheating easy. On the other hand, this makes a good insulation of
the furnace mandatory. Therefore, the muffle is insulated along its entire length
as well as at the top with a layer of pumice sand some 200-300 mm thick. Fur-
thermore, the aluminum sheets of the furnace cladding are internally lined with
Heraklit boards [fiber boards].
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To enable the draft channels to be properly cleaned, especially the flue duct be-
low the muffle, a sufficient number of cleaning apertures have been provided.

All the equipment for the operation of the furnace is arranged on the back of the
furnace, the real workplace of the attendant. Here we have the two main burners
and their controls with a [maximum] throughput of 25 m3 per hour each, which
cover the upper part of the muffle and are mainly used for preheating and for in-
termediate heating between two cremations, normally needed only on occasion.
There are also the two so-called hot-air diffusers, patented, which cover the
floor of the muffle and have an hourly throughput of 5-6 m3; if necessary — for
example in case of corpses burning particularly poorly — they can be operated
even throughout the whole duration of the cremation without violating the gen-
eral principles of cremation by generating a live flame. Finally, there is another
burner with an hourly throughput of 5-6 m3 for the post-combustion.

In practice, the hot-air diffusers are used occasionally in the morning to preheat
the rear portion of the muffle and also quite often during the day to feed non-
preheated air. The compressed air needed for the various burners — which were
furnished by the Hamburg company Pharos — is produced by means of a blower
with an hourly capacity of 360 m3 situated in an adjacent room and supplying
air at a pressure of about 400 mm of water column.

This blower feeds also the so-called cold-air diffusers, 20 in all, which supply
combustion air to the muffle in an optimum manner via aluminum tubes, 8 for
each sidewall and 4 in the upper portion. It has turned out that the two cold-air
diffusers in the upper part of the furnace near the back are not indispensable for
the practical operation of the furnace. Throughout the whole duration of the
cremation, the air fed to the cold-air diffusers can be controlled as needed. After
the combustion of the parts of the corpse which are consumed quickly, the valves
of the air nozzles aimed at those parts are closed. These opening and closing de-
vices are, again, located behind the furnace at the workplace of the attendant.
The vents for the direct feed of secondary air to the two groups of 3 lateral draft
channels are also manipulated from behind the furnace. Two peepholes located
at different levels allow the attendant to observe the cremation process in the
muffle clearly and comfortably; there is another such hole for viewing the post-
combustion grate. The manipulation of the refractory lid of the post-combustion
chamber already mentioned, as well as that of the post-combustion grate, is
done here.

To let the attendant know of any smoke emission and to give him the possibility
of intervening immediately by adding air, the top of the chimney can be seen
from the position of the operator by means of a pair of mirrors. The control of
the smoke damper is likewise done from this position. The control and the ob-
servation of the furnace are thus concentrated in a single location, which is of
prime importance for the proper running of the installation.

Among the other devices for the operation of the furnace, there is a ventilation
system which not only serves the hall but also takes care — via a hood above the
furnace door — of the elimination of any combusted gases which emerge occa-
sionally when the coffin is introduced.

Among the instruments for the control of the combustion, we have two electric
pyrometers (Siemens & Halske system) — one in the front section of the furnace
vault, the other in the vertical smoke duct — which record the respective temper-
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atures automatically on a recorder likewise furnished by Siemens & Halske. The
temperature of the muffle, moreover, can be followed by means of a normal in-
dicator. If need be, the draft can also be measured by means of a manometer.
Gas consumption is given by a gas counter. There is, furthermore, a recorder
for the gas flow (system Hartmann & Braun). For control of the gas pressure,
normally 60 mm [of water column], there is a gas-pressure gauge.”

Wolfer then goes on to describe the operation of the furnace (1932b, pp. 162f.):

“Once built, the furnace is heated with wood for drying out. As the construction
work had not yet been terminated [on the remainder of the building] and as the
furnace was to go into operation only after that, this was done without any haste
over a period of 14 days. Towards the end of the drying-out, the burners were
approved and adjusted; for those operations on the furnace, up to the first utili-
zation of the furnace on Monday, October 19th, 1931, at 3 p.m., some 84 m3 of
gas were consumed. At that moment, the pyrometer gave a reading for the tem-
perature of the muffle of 780°C. This temperature was strongly affected by the
main burners then being used. The actual temperature of the furnace was cer-
tainly lower, because the furnace was of course far from having reached a
steady state.
The first cremation required 25 m3 of gas. It was seen that the furnace was still
quite humid; water leaked from all cracks in the form of steam or in drops. This
state persisted throughout the first week, from October 19th through 24th, and
even during the week following, October 26th through 31st, there were small
signs of humidity.”

The consumptions recorded during the first four weeks of operation were the

following (average consumption per cremation):

—first week (October 19-24), 15 cremations: 19.73 m3 per corpse

—second week (October 26-31), 26 cremations:  7.27 m3 per corpse

—third week (November 2-7), 26 cremations: 6.08 m3 per corpse

— fourth week (November 9-14). 25 cremations:  7.04 m3 per corpse

Wolfer furthermore published two charts for the cremations carried out on Oc-
tober 23rd and 30th (Documents 81 and 82). The five cremations of October
23rd were done at a time when the furnace had not yet reached a thermal steady
state: no cremation had taken place the day before and the furnace temperature
had dropped to 60°C; the gas consumption was therefore very high — 84 m3 —
the average being 16.80 m3 per cremation. The five cremations on October 30th
were, on the other hand, carried out after the furnace had reached its thermal
equilibrium: three cremations had been done the day before and the furnace
temperature was still 350°C the following morning: gas consumption was there-
fore very low: 19 m3, or 3.80 m3 per cremation.

In February of 1932, with a greater load on the furnace (28 cremations per
week) the average consumption dropped to 1.8 m?3 per corpse, the equivalent of
6,000 to 7,000 kcal. The old coke furnace had required 92 kg of fuel per corpse.

The average duration of one cremation was about one hour. Smoke for-
mation was minimal and could easily be contained via the furnace controls.

With respect to the furnace structure, seen from an ethical point of view, the
closure which separated the muffle from the post-combustion chamber was par-
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ticularly important, precluding, as it must, the risk of mixing of ashes from dif-
ferent corpses. From the thermal and economical point of view the essential in-
novation was the combustion air feed to the muffle, which was designed in such
a way that even after the disappearance of the coffin the air jets are still directed
onto the remains of the corpse without impinging on the walls of the muffle.

The insulation of the furnace can be considered generally good, even though
on some parts of the aluminum cladding temperatures of 50 to 60°C were noted.

The most-favorable introduction temperatures lay between 700 and 750°C,
guaranteeing the immediate self-ignition of the coffin. During the cremations,
the muffle temperatures fluctuated between 700 and 950°C. After a day of ac-
tivity, the muffle still had a temperature of 300 to 350°C the following morning;
after a day without activity it went down as far as 260 to 320°C. The ashes were
in no way different from ashes obtained with other furnace systems, neither
qualitatively nor quantitatively.

Wolfer concludes his report by stating that the polemic against the Volck-
mann-Ludwig Furnace was unfounded because the furnace represented “a well-
devised new design that had proven itself in practical operation and was quite
usable” and that it was “aesthetically as flawless as that of older designs” (ibid.,
p. 165).

Obviously, other companies, too, designed gas-fired cremation furnaces:

In 1931, Didier installed a gas-fired cremation furnace of a new design at the
Berlin-Wilmersdorf Crematorium, which went into operation in July. Thanks
mainly to a new combustion-air-feed system, along the lines of the Volckmann-
Ludwig Furnace, the new furnace functioned practically without smoke and
with a very low fuel consumption: Between August 1st, 1932 and March 4th,
1933, 2,466 corpses were cremated with a total gas consumption of 3,098 m3 of
gas, an average of 1.25 m3 per corpse. This was partly due to the very-large
number of cremations in that crematorium — 2,500 to 3,500 per year — and an
operation of the furnace of 16 hours per day (Kessler 1932, pp. 10-14).

A few vyears later, in a response to ethical requirements for a non-manual
removal of the ashes from the furnace, Didier designed and patented a tiltable
cylindrical furnace, gas-fired, which allowed the ashes to drop directly into the
urn under the force of gravity when the furnace was raised to an upright position
(Storl 1934, pp. 72-74).

The Ruppmann Co. developed a furnace of a very-sophisticated design pa-
tented on June 23rd, 1936 (Document 67). The claims of the patent cover
(Deutsches Reich 1938b):

1. Cremation furnace for corpses, with grate, characterized by the fact that the

grate is made up of alternating bars of varying height (b, c) and by the fact that

at the same time the empty space of the furnace at the level of the bars has walls

(d) strongly inclined towards the inside in such a way that at the level of the

lower edge of the bars there is only a narrow gap (e) for the passage of the ash-

es.

2. Cremation furnace for corpses according to Claim 1 characterized by the fact

that under the bars of the grate (b) are installed rotating valves (k) made of steel

resistive to the high temperatures, or closures that can be extracted sideways
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which split the grate and the post-combustion chamber (f) below into chambers
(9, 10, 11, 12) which enable the combustion gases to be made to flow in a con-
trolled way upward through one part of the grate and downward through the
other.

3. Cremation furnace for corpses according to Claims 1 and 2 characterized by
the fact that for the combustion-air feed three groups of air vents at three differ-
ent levels are provided, the first group (g) being situated at the level of the upper
edge of the high bars of the grate (b), the second group (h) at the level of the up-
per edge of the low bars of the grate (c), and the third group (i) at the lower
edge of the bars of the grate and by the fact that each individual opening can be
controlled separately.

4. Cremation furnace for corpses according to Claims 1-3 characterized by the
fact that, in order to bring about the well-known circulation of the combustion
gases and the combusted gases, there is a blower (s) which takes in the combus-
tible gases or the combusted gases via discharge vents (r) located in the vault of
the cremation chamber and pushes them through diversion channels (v, w) as
well as distribution channels (6, 7 and 8) into the post-combustion chamber (f)
from where the combustion gases or the combusted gases return cyclically into
the cremation chamber passing in front of the bars of the grate with its burners
or heating bars.”

Noteworthy also is the design of the Swiss Company E. Emch & Co. of Winter-
thur, which installed two gas-fired furnaces in the Ziirich Crematorium in the
fall of 1932, replacing older coke-fired furnaces. They are described as follows
by H. Henzi (Henzi 1934, pp. 63-65; Document 68):

“The Emch furnace consists of a muffle, an ash channel, an ash chamber and a
recuperator for the preheating of the combustion air by means of the hot dis-
charge gases. The discharge gases flow into the furnace from the top down,
countercurrently to the combustion air. The removal of the glowing ashes from
the ash channel into the ash chamber is done in the Zurich Furnace by means of
a brush running on a rail.

In two neighboring rooms, one of which was formerly used for coke storage, an
almost-silent blower (Sulzer) is set up in suction for each furnace providing the
draft needed for the cremation; the draft is adjusted to the variations of the de-
mand by means of the chimney damper. The air vents and the chimney damper
can be operated from a central location, i.e. from the first floor, where the gas
burners and the instruments for the control of the furnace temperatures and of
the draft are located. The small dimensions of the existing chimneys and the
height of the furnace (4.5 m between the grate of the muffle and the smoke trap)
have made necessary the blowers in suction, especially for the first phase of the
cremation. Moreover, the chimneys have been shortened by 80 cm during the
reconstruction of the furnaces to hide them from view from the front part of the
crematorium. For the heating and the possible reheating during the final phase
of the cremation, two GAKO turbulence burners have been installed (Gesell-
schaft fir Gas- und Kohlenstaubfeuerungen, Essen). They allow both the prima-
ry and the secondary air to be controlled.

The secondary air, moreover, on entering the furnace, passes through a tube in
which there is a ‘distributor’; in this way it receives a high kinetic energy and
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produces a long and wide flame. In order to obtain a good radiation, the tem-
perature of the flame is taken only up to bright yellow. The two gas burners are
located some 30 cm above the grate of the muffle in the front part of the furnace.
To be on the safe side, in the first furnace, in the first discharge channels under
the ash channel, two more burners had been installed simply to facilitate heat-
ing. But it soon turned out that the two upper burners were sufficient for the
task, and those burners were therefore dropped for the second furnace. In an ad-
joining room is a pressure-control device for the gas, a safety valve which is
closed when the flow of gas is interrupted, as well as two gas meters. The room
is well ventilated to the outside and can be entered only through a door located
on the ground floor of the furnace hall. The furnace hall itself can be ventilated
easily and the service staff of the crematorium can enter and leave at any time.”

Henzi then goes on to discuss the performance and the results of the operation
of the new furnaces (ibid., p. 65):

“After some minor difficulties earlier on, which were due to the training of the
personnel with respect to the new fuel, the unit satisfied all interested parties
and fulfilled expectations. In the Zirrich Furnaces a cremation takes one hour to
one hour and a half on average. Hence, during the normal working shifts [of the
operators] 6-7 cremations per day can be carried out without any difficulty. Dur-
ing the construction period, with only one furnace being available, it was at
times necessary to perform up to 9 cremations per day by having the personnel
work overtime. The burners make only a very low noise, which cannot be heard
in the hall where the funeral services take place. As the two blowers are located
in separate rooms, the furnaces can function freely even during the funeral ser-
vice.
The gas consumption depends primarily on an experienced and attentive opera-
tor, especially with respect to proper control of the chimney draft and of the air
vents which must be constantly adjusted to the cremation process and therefore
requires continual attention. It is also affected to a great extent by the particu-
lars of the corpse, by the uniformity of the heating, and by the throughput load
on the furnace. When the load is high, the amount of gas needed for heating av-
erages out over several cremations and the average gas consumption, i.e. the
consumption per cremation calculated over the span of one day, becomes small.
The days from Tuesday through Friday show the most favorable consumption,
with the furnace already having been in operation on Monday and therefore be-
ing well warmed up. On Saturday cremations usually take place only in the
morning; therefore, the specific consumption is a little higher on that day.
By means of two temperature charts from the temperature recorder [Documents
79 and 80], it is possible to verify the course of the cremation and the operation
of the furnaces. The initial phase of a cremation requires a particularly high air
feed and a strong draft of the chimney; on the temperature charts this shows up
in a strong increase in the temperature of the discharge gases in the lower
channels.”
The two charts published by Henzi in the article cited cover 5 and 7 cremations,
respectively, carried out on October 26th and 27th, 1933, with average con-
sumptions of 28 and 26.9 m3 of gas for each cremation respectively. The tem-
perature of the preheated air (lower curve) stayed around 200°C, that of the
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combusted gases in the lower channels of the recuperator (middle curve) fluctu-
ated between 350 and 500°C, whereas the muffle temperature (upper curve)
held between 700 and 800°C (Documents 79 & 80).

In the six months between July 1st and December 31st, 1933, 510 crema-
tions took place in Furnace | on 112 operating days with an average consump-
tion of 34 m3 of gas per cremation (about 136,000 kcal); Furnace 11 saw 288
cremations on 92 days with an average consumption of 59 m?3 of gas (about
236,000 kcal) per cremation. In comparison, the coke-fired furnaces, which had
been in service previously, had cremated 1,834 corpses with an average con-
sumption of 112 kg of coke (about 784,000 kcal) for each cremation between
January and November 1932.

A third gas-fired furnace was installed at the Zirich Crematorium in 1935
(Document 69). It exploited the operational experience gathered in the mean-
time with Furnaces | and II.

The experiments done by Professor Schldpfer with those furnaces at that
time show that the average CO, content of the combusted gases was 4.5% in
these furnaces, while that of Furnace Il was 7% (Schlapfer 1937, p. 159). As
the maximum CO; content was 17.9% (ibid., p. 151), the respective Excess Air
ratios were 3.97 and 2.55 on average.

Professor Schlapfer published various technical charts which are of particu-
lar interest. Here we will examine those which give the CO; content in the com-
busted gases during the cremation.

Figure 9 (Document 70) shows the recordings made on November 30th,
1932 for the muffle temperature, for the temperature of the discharge gases in
the flue duct and for the CO- content over five consecutive cremations done in
Furnace Il with air feed from above. Initially the CO, content rose to 10% but
later settled rapidly around 3 to 4%.

Figure 10 (Document 71) shows measurements taken on February 27th,
1936, on Furnace Il with lateral air feed. Nine corpses were cremated on that
day. The CO; content initially rose up to 16% but went down to 1% towards the
end.

Figure 11 (Document 72) represents the heat loss of the combusted gases in
kcal/min and in % of the heat input from the combustion of the corpse over the
same span of time in relation to the CO. content of the combusted gases. We see
that for a CO> content of 4% the heat loss via the combusted gases is as high as
the heat generated during the cremation (100%).

Figure 13 (Document 73), on the other hand, illustrates the variations in the
heat requirements per cremation as a function of the number of daily cremations
for Furnaces Il and I11.

The heat balance of Furnace Il for the tenth cremation is the following:

— heat lost with the discharge gases: 177,000 kcal
— heat loss due to radiation and conduction: —72,000 kcal
— heat contribution from the corpse and the coffin: 150,000 kcal

On balance, we have 150,000 — (177,000 + 72,000) = —99,000 kcal, or 99,000 +
4,500 = 22 m3 of city gas (heat consumption for the tenth cremation). Here the
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losses have been arrived at experimentally. The daily heat loss due to conduc-
tion and radiation is 720,000 kcal. On Schlépfer’s chart, this heat is distributed
over the number of cremations (actually, over the hours of operation of the fur-
nace), and in this particular case, it amounts to 720,000 +10 = 72,000 kcal per
cremation.

5.3. Electrically Heated Furnaces

As we have seen in Chapter I1l, the use of electricity was considered as early as
the beginning of the last century and was then perfected and used for the first
time in an actual cremation furnace in the 1930s.

In April of 1930, the Swiss Confederation granted a patent for an electrically
heated cremation furnace to Emch & Co. of Winterthur; the rights for Germany
were ceded to J.A. Topf & Séhne of Erfurt.

Friedrich Hellwig published a vertical cross-sectional view of this furnace
(Document 74) and commented on it as follows (1931a, pp. 397f.):

“On the side walls of the cremation muffle V there are heating elements H. Oth-
er elements are located on the sides of the inclined planes and below the floor
0. The combusted gases leave the muffle through the grate Ro downwards, then
enter the lateral channels A, arriving in the post-combustion chamber N, and
leave via the chimney K which is above the furnace. Between the smoke chan-
nels A and the muffle are the recuperators Re, into which the fresh air flows
from below, and arrives, after having been heated, in the cremation chamber via
the slits B in the upper part of the muffle.

The idea is that the furnace is heated during the night with cheaper electricity
and thus needs only little additional current for the actual cremation.

During heating, the chimney damper Kl and the fresh-air inlets of the recupera-
tors must be closed, but in this phase the upper closure S of the muffle must be
open. In this way, a continuous circulation of the air within the furnace is gen-
erated, leading to the walls of the muffle starting to glow and the other parts
heating up well.

Before the first corpse is introduced, the chimney damper Kl and the fresh-air
inlets to the recuperator are opened.

The total power of the heating elements, some 100 kW, is distributed over three
groups:

a) The vertical walls of the cremation chamber above the level of the coffin with
a total height of 800 mm and a total radiating surface of 3.6 m2 and an output of
57 kW.

b) The inclined sidewalls below the coffin with a height of 300 mm and a total
radiating surface of 1.4 m2 and an output of 21 kW.

c) The floor of the muffle with a total surface area of 1.4 m2 and an output of 21
KW.

This output allows the complete heating of the furnace in two and a half hours
with an energy consumption of 200-250 kWh. For the subsequent cremations,
which require 43 m3 of gas on average, the consumption would be some 156
kWh per cremation.
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Group a) on the one hand and groups b) and c) on the other are separately con-
nected to three lines, which allows them to be fed 42, 57 or 99 kW. Only parts b)
and c) should be needed for the cremation and the reduction of the ash.

As far as the structure is concerned, heating elements a) and b) are constituted

by bricks with two longitudinal openings forming a unit which can be inserted at

the points provided for it. The bricks mentioned have further openings towards
the furnace chambers; the elements can therefore radiate directly. They are

made of a special nickel-chromium alloy and are said to have a section of 80

mmg2, which would correspond to a diameter of 10 mm. They have a large ther-

mal inertia to avoid any overheating that would be caused primarily by the
flames. For using elements of this diameter they must be connected to a supply
of about 100 volts.

The layout of this furnace appears to be very sound, and the fact that during the

preheating neither gases nor smoke is generated allows the furnace to be

closed; the heat is thus accumulated totally, aside from radiation losses from the
outside of the furnace.”
In Europe the first electrically fired furnace was started up in the Biel Cremato-
rium on August 31, 1933. Other furnaces of this kind were installed at Erfurt
(December 1933), at Essen (October 1935) at Harrogate, England (October
1936), at Croydon, England (May 1937) and at Semil, Czechoslovakia (July
1937) (in that order; Phoenix 1938, p. 18).

The electric furnace at Biel was built by Brown, Boveri & Co. of Baden, a
company still active in this field today,*® under the supervision of Hans Keller,
who had called for electrical firing already while doing his experiments with the
coke-fired furnace. H. Keller has written two accounts on the performance of
the experimental furnace at Biel (H. Keller 1934, abridged in H. Keller 1935a,
pp- 65-70; H. Keller 1935c). | present a summary of the essential parts.

As results from Documents 75 and 76 showing the vertical and horizontal
sections of the old coke furnace (A) and the new electric furnace (B), the latter
had a considerably lower volume, 11 m3 as against 80 m3 for the coke furnace.
With respect to the duration of a cremation, H. Keller wrote (1935c, p. 3):

“The duration of the cremation for an initial temperature of 700°C is 2 hours. It

is thus a little shorter than for a coke furnace.[*! This is due to the fact that the

cremation takes place in pure hot air; hence, there are no gases acting against
the combustion, except for nitrogen. The size of the corpse has little effect on the
time, more on the speed at which the flame spreads and on the combustibility of
the corpse. The great majority burns within two hours with an initial tempera-
ture of 700°C. Cases in which the cremation is over in one and a half hours are
very rare. Somewhat more frequent are cases in which the corpse does not burn
easily and the cremation may take up to five hours.”

On this point, he has some further remarks (1934, pp. 12f.):

“There are corpses which burn easily and thus require a short time for the cre-
mation. But there are other corpses that do not want to burn, requiring three

40" The present name is BBC Brown Boveri AG (cf. Chapter 11).
4 As reference point for the end of the cremation, Keller obviously assumes the moment at which the
ashes are removed from the furnace.
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hours and even longer. This variability shows up also in the composition of the
gas and in the temperature. Corpses burning easily will initially produce up to
16%, even 17% of CO,; with corpses that are difficult to burn, this value goes
down to 4%. The cause of this interesting phenomenon is still unknown and re-
quires further scientific research.
In the case of a normal body, the duration for the electric furnace at Biel is
around two hours. The CO; content is 14-16% initially, stays at that level for
about one-half hour, and then decreases continuously until the end of the crema-
tion has been reached. Something similar can be said about the temperature. If
the corpse burns well, the temperature rises from 700 to 1000°C and higher
without additional heating of the cremation muffle. If the corpse belongs to the
type that does not burn well, it is difficult to hold the temperature at 700°C. The
same thing can be said about the formation of smoke. If smoke develops, the
combustion is incomplete, heat generation and CO, content are minimal, and
the combustion temperature is low. ”
H. Keller had 23 temperature probes installed in the furnace; thanks to them, it
was possible to observe the cremation process through all of its phases from the
point of view of heat technology. He produced two charts covering three crema-
tions (Documents 83 and 84). The six curves of these charts refer to the follow-
ing temperature values:

Curve 1: cremation chamber

Curve 2: post-combustion channel

Curve 3: combusted gases behind the furnace and in front of recuperator

Curve 4. combusted gases behind recuperator

Curve 5: combustion air behind recuperator

Curve 6: combustion air behind the electric heating coils and in front of en-
try into the cremation chamber

The charts show that the combustion air entered the muffle at a temperature of
600 to 700°C, and that was one of the reasons for the better combustion on the
electric furnace. As Kessler noted, combustion in the electric furnace no longer
took place only in the cremation chamber, but occurred essentially in the post-
combustion channels. This resulted in a better heat distribution in the furnace,
which contributed to an increase in its life (H. Keller 1935c, pp. 3f.). According
to H. Keller’s results, energy consumption for the electric furnace was only 13
to 14% of that of a coke-fired furnace (1934, p. 6).

In the succeeding years, Brown Boveri & Co. designed a standard furnace
(Document 77), from which the more-recent model of BBC Brown Boveri is
derived. The structure of the new device is described by G. Keller (not to be
confused with Hans Keller). It showed a performance positively superior to that
of the first experimental furnace at Biel (G. Keller 1942, p. 4):

“The cremation chamber, one meter wide, one meter high and two meters forty

long, is divided by the grate placed on its longitudinal axis into the main crema-

tion chamber and the ash-collection chamber. Alongside and below the ash-col-
lection chamber are located the post-combustion channels in which the smoke
combustion takes place.
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This ash-collection chamber, surrounded on three sides by the well-heated post-
combustion channels, holds the ashes until they are moved to the post-combus-
tion grate in a glowing state; they thus burn out completely to the point of turn-
ing white. The narrow gaps of the main grate prevent larger uncombusted parts
from falling through. The smaller particles, mainly charcoal, which do not burn
to completion in the ash-collection chamber, can be placed onto a shell-shaped
post-combustion grate where they turn to ash. This post-combustion grate can
be separated from the ash-collection chamber by means of a refractory plate,
therefore a further cremation can be carried out in the main cremation chamber
while the ash of the previous corpse burns out, and there is no mixing of ashes
from the two corpses.
The cremation air enters sideways above the grate and the combusted gases
flow downwards through the grate into the ash-collection chamber; from there,
through side channels below it, they flow into the recuperator and to the chim-
ney. Jets of hot air directed at certain points in the post-combustion channels by
means of nozzles reduce the formation of smoke. The great variation of bodies to
be cremated with respect to the amount of combustible parts (which produce
heat) requires appropriate measures for the control of primary air, fed to the
main cremation muffle, and of secondary air, fed to the post-combustion chan-
nels.

Good preheating of the combustion air is, moreover, useful for the prevention of

smoke and, at the same time, for a recovery of the cremation heat. This preheat-

ing takes place in a metallic recuperator with spiral channels [Document 77,

No. 3]. The combusted gases, which go to the chimney, flow through the inner

channel of the coil from the center to the outside whereas the fresh air flows

through the outer channel from the outside towards the center. The cooling of
the combusted gases and the heating of the combustion air are shown on the
temperature trace of a cremation, as well as on the complete temperature chart
of a cremation. The good heat exchange of 40,000 kcal/hr in a piece of equip-
ment only 0.25 m3 in size results from the opted-for high velocity of the gases
and of the air. In order to reduce the pressure loss which occurs in the recu-
perator, the static pressure of the fresh-air blower and that of the combusted
gases was set sufficiently high.”
G. Keller also published a temperature chart for four cremations in the cremato-
rium at St. Gallen (Document 85), which shows a considerably shorter crema-
tion time than was obtained with the Biel furnace: about one hour and twenty
minutes.

The consumption of electrical energy in this unit was extremely low, even in
cases of isolated cremations: for example, data published by G. Keller for the
Bern furnace show that in January and February of 1942, with 67 and 60 crema-
tions respectively, the average consumption for one cremation was 12.47 kWh
(ibid., p. 5).

The electric furnace rapidly became the most potent competitor for the gas-
fired furnace, and thus we also encounter polemics concerning the economies of
the two heating systems, which involved Hans Keller directly as one of the ma-
jor proponents of electric heating at that time (H. Keller 1935b, p. 176; Jordan/
Deringer 1936, p. 16).
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By the beginning of the 1930s, coke-fired cremation furnaces with a gasifier
had reached the pinnacle of their technical perfection but also began their inexo-
rable decline: their destiny now was demolition®? or the retrofitting to gas firing
(Repky 1932).

6. The Duration of the Cremation Process

Cremation is a physico-chemical process which for its completion requires a du-
ration that may be called natural, in the sense that it is not possible to shorten it
at will, whatever the furnace system used.

This duration depends essentially upon the chemical composition of the hu-
man body, whose protein structure strongly resists combustion, as has already
been noted by the engineer Martin Klettner (see Unit Il, Chapter 3) and has
been confirmed by the specific scientific experiments run in England in the
1970s, which we will discuss later. This is due to the body’s relatively high ni-
trogen content, to its high ignition temperature, and to the chemical changes
which the proteins undergo at higher temperatures, all being aggravated further
by the fact that these substances are, as it were, immersed in the water of the
human body to the effect that nothing will burn until this water has evaporated.

In other words, a cremation which takes place under optimum conditions
cannot proceed more quickly than the “natural” time needed for the progression
of the combustion. In the same way, a cremation takes longer the more it is per-
formed under non-optimal conditions, be that because of incompetent or negli-
gent operation of the furnace, and/or because of inadequacies in the design or
condition of the unit. In present-day gas-fired furnaces, this lower limit is about
one hour (see Chapter 11).

Before we look at the data found in the specialized literature, we must define
what we mean by the duration of a cremation. Although it may be said that a
cremation is over only when the ashes of the corpse are removed from the fur-
nace, normally the duration of a cremation in a furnace not equipped with a
post-combustion grate is the time elapsed between the introduction of the coffin
into the cremation chamber and the transfer of the ashes from the inclined plane
of the post-combustion chamber into the ash chamber where they will eventual-
ly burn out. In a furnace with a post-combustion grate, such as the gasifier fur-
naces built by Beck and Topf in the 1930s or the VVolckmann-Ludwig gas-fired
furnace, the reference time is given by the moment at which the glowing ashes
are moved from the inclined plane of the post-combustion chamber or from the
floor of the muffle to the post-combustion grate.

However, even though this was contrary to Kessler’s ethical and profession-
al norms drawn up in 1932 (see Chapter 8), some crematoria would introduce a

42 For example, the old coke-fired furnaces at the Hamburg Crematorium were replaced by the experi-
mental gas-fired VVolckmann-Ludwig Furnace as early as 1928 (Manskopf 1933); in the years 1937-
1938, the old coke-fired furnace at the Dortmund Crematorium was torn down and replaced by two
gas-fired Volckmann-Ludwig Furnaces (Kamper 1941).
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subsequent corpse into the cremation chamber even as the residues from the
previous body were still burning out on the inclined plane of the post-combus-
tion chamber. Thus, two corpses were in the same furnace simultaneously, albe-
it in separate chambers and in different phases of the cremation. As we have
seen in the preceding chapter, such a procedure was standard practice in furnac-
es like the Volckmann-Ludwig unit at Stuttgart, which had a lid for the isolation
of the post-combustion chamber.

The difference in the durations of cremations carried out in accordance with
these two different criteria is not irrelevant, as is shown for example by Kess-
ler’s observations with the experimental Volckmann-Ludwig Furnace at Ham-
burg in 1931: on average, a cremation up to the transfer of the residues of the
corpse from the plate at the floor of the cremation chamber (which, in this type
of furnace, played the part of a grate) to the post-combustion grate for the final
burn-out took about one hour in case of continuous operation of the furnace, but
for the overall cremation (up to the final withdrawal of the ashes) Kessler rec-
orded durations varying between 1 hour and 43 minutes and 2 hours and 45
minutes (Kessler 1931a, p. 37).

In the experimental Volckmann-Ludwig Furnace, the solar plexus of the
corpse did not burn completely in the cremation chamber but only on the post-
combustion grate, therefore, when the next corpse was introduced into the cre-
mation chamber, the cremation of the previous one wasn’t over yet. Heated by
means of city gas as it was, this furnace could be run uninterruptedly and could
carry out 20 to 22 cremations per day in 24 hours of continuous operation ac-
cording to its designers (see Chapter 5).

In furnaces not having a post-combustion grate it was no doubt possible to
introduce the next corpse into the cremation chamber as soon as the residues of
the previous one had dropped through the bars of the grate onto the inclined
plane without waiting for them to burn out completely, even though this was not
allowed for ethical and esthetic reasons. Still, if we are to believe the minimum
times reported for the Schneider and Topf gasifier furnaces (45 minutes) in
some crematoria, one has to assume that this rule apparently was not always fol-
lowed.

Not fulfilling this requirement — which specified that the residues of a corpse
could only be moved when they were no longer aflame — was of course possible
also in furnaces with a post-combustion grate, and so R. Kessler explains pre-
cisely along those lines the stupendous results of the experimental furnace at
Hamburg (2,500 corpses cremated in 7 months with a total consumption of 100
m?3 of gas; Kessler 1931a, pp. 37f.):

“The administration of the Hamburg-Ohlsdorf C emetery generally assumes an

average consumption of 7 m3 for a cremation. The operators receive a bonus

amounting to half the cost of the gas in case of a lower consumption. Here we
have, no doubt, a great risk for cremations to be run not in accordance with the
rules. The operator is obviously interested in not letting the temperature of the
furnace drop too far. This possibility exists mainly in the final phase of the cre-

mation. If he feeds little air so as not to let the furnace cool and thus arrive at a

savings, the end of the cremation is drawn out. If he speeds the cremation with
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sufficient air feed, following his instructions to the letter, the furnace will cool
and he has to supply more gas to heat it up again. That reduces his bonus.
Therefore, there is the risk that, because of a disregard for the operating in-
structions, the remains [of the corpse] are moved to the post-combustion grate
already before all the combustible matter of the corpse has been consumed. ”

In the table below | have summarized the data for the average duration of a

cremation in furnaces with a gasifier:*3

FURNACE SYSTEM | AVERAGE DURATION OF A CREMATION [hr]
Siemens 1%

Klingenstierna 1-1%

Schneider Ya— 1%

Ruppmann 1Y — 1%

Topf Yo— 1Y%

In a publication concerning the Paris Crematorium of Pere-la-Chaise the follow-
ing operating result of the years 1889-1893 are given (Préfecture... 1893, p.

14)):
1889 — FURNACE TOISUL & FRADET

AGE SEX TOTAL DURATION OF CREMATION [hrs]
[yrs] M F <1 1-1% | >1% | Average

0-9 3 2 5 5 / / 40 min.
10-29 3 2 5 2 2 1 60 min.
30-50 8 5 13 3 9 1 70 min.
>60 9 4 13 / 11 2 75 min.
Totals | 23 13 36 10 22 4

1890 — FURNACE ToISUL & FRADET

AGE SEX TOTAL DURATION OF CREMATION [h]

vl M F <1 1-1% | >1% | Average

0-9 12 6 18 17 1 / 40 min.
10-29 5 2 7 3 4 / 60 min.
30-50 | 28 14 42 12 30 / 62 min.
>60 34 20 54 10 41 3 65 min.
Totals | 79 42 121 42 76 3

1891 — FURNACE FICHET

AGE SEX TOTAL DURATION OF CREMATION [hrs]
[yrs] M F <1 1-1% | >1% | Average

0-9 8 5 13 12 1 / 38 min.
10-29 2 6 8 5 3 / 58 min.
30-50 | 49 15 64 38 25 1 59 min.
>60 36 13 49 21 27 1 59 min.
Totals | 95 39 134 76 56 2

43 Beutinger 1911, pp. 106, 110, 113, 115; Topf 1926 (see Unit 11, Chapter 2). In the Schneider Furnace
at the Gotha Crematorium a cremation generally took 1 hr 15 min (Stadtvorstand Gotha 1928, p. 25).
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1892 — FURNACE FICHET and subsequently TOISUL & FRADET

AGE SEX TOTAL DURATION OF CREMATION [hrs]
[yrs] M F <1 1-1% > 1Y Average

0-9 9 4 13 12 1 / 38 min.
10-29 6 6 12 6 4 2 63 min.
30-50 | 55 23 78 27 45 6 66 min.

>60 35 21 56 26 27 3 64 min.
Totals | 105 | 54 159 71 77 11

1893 — FURNACE FICHET and subsequently ToISUL & FRADET

AGE SEX TOTAL DURATION OF CREMATION [hrs]
[yrs] M F <1 1-1% > 1Y% Average

0-9 6 7 13 13 / / 37 min.
10-29 | 11 1 12 9 3 / 51 min.
30-50 | 38 21 59 41 18 / 55 min.

>60 48 18 66 41 24 1 54 min.
Totals | 103 | 47 150 104 45 1

The data for the years 1891 and 1893 are at or even below the limit of the later
operations and, if they are accurate,** can only refer to the main combustion, not
including the time needed for the post-combustion. This is evident already from
a simple comparison with an extract of the report of the Municipal Construction
Office of Stuttgart as authored by Prof. Robert Nagel concerning 48 cremations
carried out between July 20th and September 15th, 1909, in the local Ruppmann
furnace. The average duration of a cremation was 1 hour and 33 minutes, the
minimum was 1 hour and 10 minutes and the maximum was 2 hours and 30
minutes (Nagel 1922, p. 36).

Paul Freygang adds more important technical data: Average consumption of
coke for each cremation: 207 kg; chimney draft: 11.3 mm water column shortly
before the introduction of the corpse and 10.8 mm after the cremation. The av-
erage temperatures of the cremation chamber, exhaust and combustion air exit-
ing the recuperator, as measured by thermocouples, are summarized in the fol-
lowing table (Freygang 1914, p. 476):

4 The data do not match charts drawn from data recorded by the furnaces” instruments.
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Temperatures [°C]

L muffle | exhaust gases ar dUCt.S
Measuring time left right
Right before introduction 1002 547 442 421
Right after introduction 997 612 416.5 | 389.5
After 10 min. 975 656 4015 | 3725
After 20 min. 968.5 872 3915 | 369.5
After 30 min. 972 671.5 3935 | 3735
After 45 min. 979.5 658 398 376
After 60 min. 986.5 639 410 389
After 75 min. 989 620 4175 | 3975
After 90 min. 982 608.75 421 402
Shortly after end 973 596 409 402

The furnace offered by the W. Miiller Co. to the Dachau Concentration Camp
specified an average of 1 hour and 30 minutes for one cremation, according to
the supplier.

A survey carried out by Prof. Paul Schlépfer on the Swiss crematoria in the
1930s yielded the following data for coke-fired furnaces (Schlapfer 1937, table
outside of text):

LOCATION YEARBUILT | AVERAGE DURATION (hrs)
Davos 1913 2
Rati 1929 3%
Solothurn 1924/25 2-3
Olten 1918 1-2
Neuchatel 1923 2
Lugano 1916 1
Schaffhausen 1914 1% -2
Lucerne 1924 2% -3
Biel 1911 1-2
Aarau 1912 22— 3
St. Gallen 1902 2%
St. Gallen 1926 1% — 1%

The figures quoted have only an indicative value, as they may have been affect-
ed by motives of propaganda or competition. Hence, as an objective and unas-
sailable reference point, | shall instead use the figures presented in a series of
charts concerning cremations produced by technical measuring devices installed
in the furnaces. The charts concerning the experiments performed by Richard
Kessler, which we examined in Chapter 4, are particularly important in this re-
spect. For these, we may rightly assume that the cremations took place under
optimum conditions, not only because of the advanced design of the furnace
(Gebriider Beck, Offenbach), but also because of the care exercised by Kessler
in preventing leakage of air, because of the use of proper instruments to observe
the cremation process throughout all of its stages, and because of the particular-

4 Up to the removal of the ashes.
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ly careful operation of the furnace under the supervision of a specialized engi-

neer.

The average duration of a cremation was 1 hour and 26 minutes in the case
of coke, and 1 hour and 22 minutes in the case of briquettes.

Let us now look at the individual charts.

6.1. Cremation Furnace with a Coke-Fed Gasifier

Chart No. 1 (Documents 47f.)

Furnace design:

Location:

Number of consecutive cremations:
Start of first cremation:

End of last cremation:

Total duration of cremations:
Average duration of one cremation:

Duration of the individual cremations:

1) from 9:30to 11:13 =

2) from 11:14 to 12:55 =
3) from 12:58 to 14:10 =
4) from 14:15 to 15:31 =
5) from 15:34 to 16:39 =
6) from 16:40 to 18:38 =
7) from 18:38 to 19:56 =
8) from 20:00 to 21:00 =

Duration of shortest cremation:

Chart No. 2 (Document 78)

Furnace design:

Location:

Number of consecutive cremations:
Start of first cremation:

End of last cremation:

Total duration of cremations:
Average duration of one cremation:
Duration of shortest cremation:

Gebriider Beck, Offenbach
Dessau

8

9:30 AM

9:00 PM

11 hr 30 min

1 hr 26 min

1 hr 43 min
1 hr41 min
1 hr 12 min
1 hr 16 min
1 hr 05 min
1 hr 58 min
1 hr 18 min
1hr

1hr

not indicated

not indicated

3

10:30 AM

3:45 PM

5 hrs 15 min

1 hr 45 min

1 hr 15 min (child)

6.2. Cremation Furnace with Briquette-Fed Gasifier

Chart No. 3 (Documents 49f.)

Furnace design:

Location:

Number of consecutive cremations:
Start of first cremation:

End of last cremation:

Gebrtder Beck, Offenbach
Dessau

8

9:00 AM

8:00 PM
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Total duration of cremations:

Average duration of one cremation:

Duration of individual cremations:

1) from 9:00 to 10:44 =

2) from 10:45 to 12:00 =

3) from 12:00 to 13:30 =

4) from 13:34 to 14:45 =

5) from 14:45 to 16:02 =

6) from 16:02to 17:15 =

7) from 17:18 to 18:20 =

8) from 18:20 to 20:00 =
Duration of shortest cremation:

11 hrs
1 hr 22 min

1 hr 44 min
1 hr 15 min
1 hr 30 min
1 hr11 min
1 hr17 min
1 hr 13 min
1 hr 02 min
1 hr 40 min
1 hr 02 min

6.3. Cremation Furnace Heated with Gas

Chart No. 4 (Documents 51f.)

Furnace design:
Location:

Number of consecutive cremations:

Start of first cremation:
End of last cremation:
Total duration of cremations:

Average duration of one cremation:

Duration of individual cremations

1) from 8:22t0 9:30 =

2) from 9:31t0 10:30 =

3) from 10:32 to 11:39 =

4) from 11:40 t0 12:32 =

5) from 12:35 to 13:55 =

6) from 13:56 to 15:12 =

7) from 15:14 to 16:39 =

8) from 16:41 to 18:00 =
Duration of shortest cremation:

Chart No. 5 (Document 79)

Furnace design:
Location:

Number of consecutive cremations:

Beginning of first cremation:
End of fourth cremation:
Total duration of cremations:

Average duration of one cremation:

Gebruder Beck, Offenbach
Dessau

8

8:22 AM

6:00 PM

9 hrs 38 min

1 hr12 min

1 hr 8 min
59 min

1 hr 7 min
52 min

1 hr 20 min
1 hr 16 min
1 hr 25 min
1 hr 19 min
52 min.

E. Emch & Co., Winterthur.
Zirich

546

8:00 AM

around 3:45 PM

7 hrs 45 min

1 hr 56 min

4 As the end of the last cremation is not clearly indicated, we shall ignore it here.
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Chart No. 6 (Document 80)

Furnace design: E. Emch & Co., Winterthur
(modified design)

Location: Zirich

Number of consecutive cremations: 746

Start of first cremation: around 8:50 AM

End of last cremation: 5:00 PM

Total duration of cremations: 8 hrs 10 min

Average duration of one cremation: 1 hr 21 min.

Chart No. 7 (Document 81)

Furnace design: Volckmann-Ludwig
Location: Stuttgart

Year: 1931

Number of consecutive cremations: 5

Start of first cremation: around 9:50 AM
End of last cremation: around 5:20 PM
Total duration of cremations: about 7 hrs 30 min
Average duration of one cremation: about 1 hr 30 min

Chart No. 8 (Document 82)

Furnace design, location, year: as above

Number of consecutive cremations: 5

Start of first cremation: around 10:45 AM
End of last cremation: around 5:35 PM
Total duration of cremations: about 6 hrs 50 min
Average duration of one cremation: about 1 hr 22 min.

6.4. Cremation Furnace Fired Electrically

Chart No. 9 (Document 83)

Furnace design: Brown, Boveri & Co., Baden
(prototype)

Location: Biel

Year: 1934

Number of consecutive cremations: 1

Duration of the cremation: around 2 hrs 38 min.

Chart No. 10 (Document 84)

Furnace design, location, year: as above
Number of consecutive cremations: 2
Total duration of cremations: about 4 hrs 8 min

Average duration of one cremation: about 2 hrs 4 min.
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Chart No. 11 (Document 85)

Furnace design:

Location:

Year:

Number of consecutive cremations:
Total duration of cremations:
Average duration of one cremation:

Chart No. 12 (Document 54)

Furnace design:

Location:

Year:

Duration of shortest cremation:

Chart No. 13 (Document 55)

Furnace design:
Location:
Duration of shortest cremation:

Chart No. 14 (Document 56)

Furnace design, location:

Year:

Durations of the individual cremations:
1) from 10:03 to 11:30 =
2) from 14:18 to 15:50 =
3) from 8:28 to 10:15 =

Chart No. 15 (Document 57, upper chart)

Furnace design, location:
Year:

Start of cremation:

End of cremation:
Duration of cremation:

Chart No. 16 (Document 57, middle chart)

Furnace design, location:
Year:

Start of cremation:

End of cremation:
Duration of cremation:

Chart No. 17 (Document 57, lower chart)

Furnace design, location, year:
Start of cremation:

as above

St. Gallen

1942

4

5 hrs 20 min (effective)
about 1 hr 20 min.

Brown, Boveri & Co., Baden
Biel

1940

about 1 hr 10 min.

as above
Biel
about 1 hr 10 min.

as above
1943

1hr 27 min
1 hr 32 min
1 hr 47 min

as above
as above
11:03 AM
12:05 PM
1 hr 2 min.

as above
as above
1:33 PM
2:50 PM
1 hr 17 min.

as above
11:00 AM
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End of cremation: 12:05 PM
Duration of cremation: 1 hr 5 min.

Incineration lists of crematoria are no doubt reliable documents as well. Here |
present an extract from a list of the Bielefeld Crematorium covering 26 crema-
tions that took place between 5 and 23 December 1941 (Document 86). The ma-
jority of those cremated were detainees from the Wewelsburg Concentration
Camp. The list is in conformity with the decree of the Reich Ministry of the In-
terior of August 10th, 1938 (see Chapter 8). The Bielefeld Crematorium was
started up in 1938 and was coke-fired. The duration of the consecutive crema-
tions is shown in the table below (the letter “W” indicates that it concerned the
cremation of a Wewelsburg inmate).

December 5, 1941
No. 1289 from 9:30 AM to 10:30 AM= lhrw

No. 1290 from 10:30 AM to 1:00 PM = 1 hr 30 min W
No. 1291 from 1:00 PM to 3:00 PM = 2 hrs
No. 1292 from 3:00 PM to 5:00 PM = 2 hrs

December 10, 1941

No. 1294 from 8:30 AM to 10:00 AM = 1hr30 min W
No. 1295 from 10:00 AM to 11:30 AM = 1 hr 30 min W
No. 1296 from 11:30 AM to 2:00 PM = 2 hrs 30 min
No. 1297 from 2:00 PM to 4:45 PM = 2 hrs 45 min

December 15, 1941

No. 1299 from 9:00 to 10:30 AM = 1hr30 minW
No. 1300 from 10:30 AM to 12:00PM = 1 hr 30 min W
No. 1301 from 12:00 PM to 2:00 PM = 2hrsW

No. 1302 from 2:00 PM to 3:30 PM = 1hr30 min W
No. 1303 from 3:30 PM to 4:30 PM = 1hrw

December 18, 1941

No. 1305 from 8:00 AM to 9:30 AM = 1 hr 30 min
No. 1306 from 9:30 AM to 11:00 AM = 1 hr 30 min W
No. 1307 from 11:00 AM to 12.00PM= 1hrW

No. 1308 from 12:00 PM to 1:30 PM = 1hr30 minW
No. 1309 from 1:30 PM to 3:15 PM = 1 hr45 min W
No. 1310 from 3:15 PM to 4:15 PM = lhrw

No. 1311 from 4:15 PM to 5:15 PM = 1hrw
Average duration of one cremation: 1 hr 30 min
Duration of shortest cremation: 1hr.

In the 1970s, scientific experiments were done in England with the aim of iden-
tifying the most-important factors having an influence on the cremation process.
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The results were read at the annual convention of the Cremation Society of
Great Britain in July of 1975.

The experiments were done along two lines: a preliminary investigation in
the Breakspear Crematorium at Ruislip, and a full investigation in the Chander-
lands Crematorium at Hull. The researchers conducting the experiments initially
selected the following factors to be considered: the fuel, the type of furnace, the
dimensions of the coffin (and of the corpse), the hygienic treatment (embalm-
ing) of the corpse, the cause of death, the furnace operator, and the use of dif-
ferent furnaces. The effects of varying technical factors were reduced by adopt-
ing the same gas-fired furnace (Dowson & Mason Twin Reflux Cremator) and
the same furnace operator at both locations (Jones 1975, p. 81).

Taking into account these factors, 200 to 300 cremations were observed, and
the data gathered were handed to the statistician of the group for a preliminary
report. This analysis showed that, out of the factors considered initially, only
four were significant: the age and the gender of the deceased, the cause of death
and the temperature of the furnace. On the basis of these findings, the research
was continued at the Hull Crematorium. Here it was found that the really deci-
sive factors were the maximum temperature of the furnace and the gender of the
deceased. The results obtained were incorporated into a chart by the statistician
(Document 87), which one of the researchers, Dr. E. W. Jones, comments upon
as follows:

“From his graph he [the statistician] was able to tell us (we felt this to be rather

interesting) that there is a maximum point, or rather a minimum point, of incin-

eration time below which it is impossible to go, and our statistician defined this
as a thermal barrier that, because of the make, the nature of human tissues, you
cannot incinerate them at a rate which is below round about 63 minutes.”
Some corpses may burn even within 60, 59 or 58 minutes: this is the lower limit
of the thermal barrier (ibid., p. 88).

The chart shows that the duration which comes closest to the thermal barrier,
set at 60 minutes, corresponds to a temperature of 800°C. When the temperature
is raised to 1,000°C, the duration of the cremation rises to 67 minutes, and then
drops again to 65 minutes at 1,100°C. At higher temperatures, which were not
investigated, the duration should eventually fall and should drop below the
thermal barrier at super-high temperatures. If one wanted to reduce the crema-
tion time to 20 or 15 minutes — says Dr. Jones — it would be necessary to devise
a furnace capable of running at 2000°C.

Then Dr. Jones adds (ibid.):
“Our statistician colleague did some work, he looked into the records of crema-
toria in Germany during the last war, and it would appear that the authorities
there were presented with a similar problem — that they came up against a ther-
mal barrier. They could not design a furnace that reduced the mean incineration
time to a very practical effective level. So we started to look at why there is this
thermal barrier with human tissues. ”

The conclusion of the researchers is that the proteins of the human body under-
go a chemical change when heated to 800 to 900°C, dissociating and recombin-
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ing to form “that can only be described as a hard crust” which resists the pro-
cess of cremation (ibid.).

I wish to add that the first part of the chart which covers the temperature of
400 to 600°C cannot correspond to actual experiments — because the ignition
temperature of the heavy hydrocarbons which form during the gasification of
the corpse is about 650°C — unless these temperatures are not the maximum
temperatures but the temperatures at the moment of the introduction of the cof-
fin.

While we are able to say, in a nutshell, that the cremation time has a lower
limit of about 60 minutes and that this is an undeniable fact, we must stress,
though, that this is not an absolute but a general limit: it refers to the average
duration of several cremations, rather than to any single one. This appears clear-
ly in Chart No. 4 where the shortest time (52 min) is below the limit, but the av-
erage duration of the cremations (1 hr 12 min) is well above it.

In any case, as the cremation time depends also on the mass of the corpse, it
is obvious that, for any given combustion rate, the cremation of a normal corpse
of lower mass takes less time. Here, of course, we are not speaking of a lean
corpse as opposed to a fat one, but of a small body having, in proportion, the
same fat and protein content of a normal body.

In the furnaces with a gasifier, as Kessler has shown in his experiments, the
lower limit is about 80 to 85 minutes.

7. Heat Balance of a Coke-Fed Cremation Furnace

The consumption of fuel of a cremation furnace depends essentially on the de-
sign of the furnace, the cremation process, the frequency of cremations, the
composition of the corpses, and the management of the furnace.

The design of the furnace is important because a more-massive structure ab-
sorbs a greater amount of heat before the thermal steady state is reached. For
example, the Siemens Furnace at the Gotha Crematorium required 1,500 kg of
lignite for the first cremation, the Schneider Furnace needed 400 to 500 kg of
coke, and the Klingenstierna Furnace consumed 280 to 400 kg of coke (Heepke
1905b, p. 20).

Furthermore, as results from Schlépfer’s charts for the temperature profile in
the walls of a muffle at various stages of the preheating process (Documents
88f.), a well-insulated furnace loses less heat through convection and radiation
than a poorly protected one. From the studies run on the furnaces of the Zirich
Crematorium in the 1930s one can see for example that the first two furnaces,
poorly insulated, lost 720,000 kcal over 24 hours, whereas the third one, better-
insulated, lost only 480,000 (Schlapfer 1938, p. 154).

The feed system and the temperature of the secondary combustion air are al-
so of great importance. The design of the furnace being dependent on the type
of cremation process, the process type affects indirectly also the consumption of
fuel. As | have mentioned, by cremation process type | mean the way in which
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the combustion products of the gasifiers are put to use. There are three different
cremation process types:

— indirect: the combustion products of the gasifier do not have direct contact
with the corpse;

— semi-direct: the combustion products of the gasifier are in contact with the
corpse only in the final stage of the cremation;

— direct: the combustion products of the gasifier are in contact with the corpse
throughout the cremation.

The indirect process is based on the cremation system using purely hot air, as
invented by F. Siemens, which we have discussed in Chapter 3 and which is ob-
viously the most-expensive one.

The experiments carried out by R. Kessler in the gas-heated furnace showed
for two consecutive cremations a consumption of 398 m3 of gas for the indirect
cremation, of 156 m3 of gas for the semi-direct method, and of 137 m3 of gas for
the direct cremation (Kessler 1927, No. 11, p. 177).

The number of consecutive cremations has an overriding effect on the fuel
consumption. If, in fact, only one cremation takes place in a given furnace in the
span of one day, the consumption of fuel for the purpose of bringing the furnace
up to the operating temperature is totally assigned to that cremation. If, instead,
several consecutive cremations are carried out, the initial consumption is evenly
allocated to all cremations, and the apparent average consumption for any one
cremation drops considerably. This may be seen clearly from Schlépfer’s chart
for the coke consumption per cremation for several consecutive cremations
(Documents 90, 90a). It shows that some 415 kg of coke were needed for the
first cremation starting with a cold furnace, but for 20 cremations in succession
on average only 37.5 kg of coke were need for each cremation. This means that
20 discontinuous cremations run at intervals of several days would consume a
total of 8,300 kg of coke as compared to a consumption of only 750 kg if run in
succession.

The compositions of the corpses also affect the cremation process and hence
the fuel consumption, because corpses contribute more or less heat to the muffle
on account of their varying amounts of fat and proteins. According to Hellwig,
out of 100 corpses, 65 will burn normally, 25 burn with difficulty, and 10 with
great difficulty (Hellwig 1931a, p. 373). As we have seen in Chapter 5, corpses
that burn well generate up to 16 or 17% of CO; in the early phases of the crema-
tion, while for difficult corpses the CO, content drops to 4%, which corresponds
to a much-higher Excess-Air ratio.

Finally, the way a furnace is operated has a major effect on heat economy as
well: erratic or inattentive operation can lead to a doubling of the fuel consump-
tion, as happened in the Dessau Crematorium according Kessler’s account, prior
to his scientific cremation experiments.

Calculating the theoretical heat balance of a cremation furnace with a coke-
fed gasifier is a very difficult problem, because in practice many variables arise
which cannot be predetermined theoretically, but the way the furnace is operat-
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ed has to be adjusted to them from time to time. H. Keller observed quite cor-
rectly (H. Keller 1928, p. 30):

“There is no technical combustion device for which the difference between the
amount of heat theoretically needed and the amount used is as large as in a
cremation furnace.”

Various ways of calculating the heat balance have been proposed in the expert
literature. Let us look at the most interesting ones:
The engineer Fichtl argues as follows (Fichtl 1924, p. 395):

“In the furnaces for cremating animal carcasses, such as those being used in
stockyards or similar, the fuel consumption is based more-correctly on the
weight (in kg) of the material cremated, and here, in fact, a fuel consumption
corresponding to 15-20% of the weight of the material to be cremated (offal) is
considered adequate. This latter principle has also been demonstrated in unas-
sailable acceptance tests concerning such furnaces for animal carcasses. If this
is applied to cremation furnaces, a coke consumption of 12-16 kg results for a
human body weighing 80 kg on average and assuming a continuous operation.
On the basis of certain hypotheses whose validity, however, cannot be irrefuta-
bly verified, one can also calculate the fuel consumption needed theoretically for
the thermal destruction of a human body. The flesh, the main constituent of our
body, consists of 70-80% of water, as is well known; the remainder is made up
of 17-21% of protein substances (nitrogenous substances), of 1-3% of fat and of
1% of salts (mineral elements); its specific heat is about 0.8 WE/kg/°C [sic; WE
= Wérme-Einheit= heat unit = kcal]. As the destruction of the body takes place
at a fairly constant temperature of 1000°C, the heat needed in this case amounts
to 80 - 0.8 - 1000 = 64,000 kcal, the equivalent of 64,000+ 3,000 = 21 kg of
coke; here, however, it is assumed that the specific heat stays constant over the
temperature range between 0 and 1000°C, which has not yet been demonstrated
experimentally, and also that the decomposition of the body sets in only at a
temperature of more than 1000°C. Another approach, by way of the heat needed
for vaporization and superheating of the body water, arrives at a similar result
in the following manner:

15 80+ (600 + 0.5 - 900) = [63,000;] S0 = 21 kg of coke. [42]
In these attempts to arrive at the minimum fuel consumption via computations,
one has not considered the heat contribution of those materials which burn to-
gether with the body, such as the wood of the coffin, the mattress of wood shav-
ings, the garments etc., nor that of the inner substances, such as the fat or simi-
lar tissue, which produce further heat during the combustion. This heat supply
to the furnace — which translates into an increase in the temperature of the dis-
charge gases by 50-100°C — should be approximately 15,000-20,000 kcal for
each corpse and should be deducted from the 60,000-65,000 kcal calculated
above, if it were not for an amount of air, difficult to define but needed for an
odorless and smokeless cremation, which must also be heated up from ambient
temperature to that of the furnace. This happens primarily in the channels of the
recuperator and therefore, for our purposes, we do not have to compute it. All
told, the amount of coke theoretically needed for the cremation of a human body
can be considered to be
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64,000 — 15,000 50,000
3,000 ~ 3,000

The heat content of the coke (metallurgical or from coke furnaces) burning in
the gasifier is assumed here to be 6,000 kcal[/kg] and its efficiency in the crema-
tion furnace to be 50%. This latter value, however, would be too high for the
furnace systems built so far. The temperature of the combusted gases has been
shown to be 500-700°C in repeated investigations, hence extremely high, while
the CO, content proved to be very low, around 3-4%. The high temperatures of
the discharge gases in cremation furnaces are in a way an inconvenient yet inev-
itable characteristic that cannot easily be avoided because of the high tempera-
ture — 1000°C — which must be maintained in the cremation muffle with its con-
siderable mass of refractory materials storing heat, and because of the relatively
short path between the muffle and the smoke trap. From the point of view of
combustion technology, it would be easy to reduce the temperature of the dis-
charge gases to 200-300°C with larger heated surfaces in the recuperators and
with preheaters using the discharge gases. But in the first case, instead of losing
the heat through the chimney, the result would only be a heating up of the re-
fractory material or of the baffles in the recuperator. As the recuperator has an
insulating effect downwards on the muffle during operation, this would yield on-
ly a slight economic gain, while during the warm-up phase and the inactive pe-
riods it would lead to an undesirable heating of the ambient air in the furnace
hall.
The use of the discharge gases in preheaters for central heating or other such
applications would face insurmountable difficulties of the type already men-
tioned [i.e. against the requirements of respect], and considering that the crema-
tion process from this point of view has so far been flawless, it is best not to ex-
plore such venues. Hence, the heat losses via the discharge gases amount to 50-
60% from the start. Furthermore, the furnaces now in operation transmit an ex-
cessively high and very-much-noticeable amount of heat to their surroundings
by conduction and radiation of the furnaces’ surfaces. With a space heater, for
example, this would be an advantage, but here it must be considered a loss. This
is due to the relatively weak insulation between the large mass of refractory ma-
terial inside the furnace, at red heat, and the rather-thin outside walls. There-
fore, temperatures of 60-80°C are not uncommon, and even-higher values may
occur on the vault of the furnace and on the rear wall of the recuperator with its
many steel-faced access ports. The heat losses by radiation and conduction from
the surfaces of the furnace can therefore be calculated to be around 25-30%.
Practically then, leaving aside the inevitable losses through incombustibles and
furnace residues, we have at best an efficiency of 10-20%, so that the effective
consumption of fuel for one corpse, as calculated, can be taken to be
50,000
500 10 1,200 ~ 851042 kg.” [44]
This result, when compared to the average values for the fuel consumption ac-
tually recorded in practice, appears however somewhat high, even for an indi-
rect-cremation process.
Tilly has used a different and more-precise method to arrive at a heat bal-
ance (Tilly 1926a, pp. 134ff.):

~ 16-17 kg [43]
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“In what follows, the basis of the calculation is a human body of 70 kg. If we as-
sume an average water content of 65%, we must evaporate a total amount of
0.65 - 70 = 45.5 kg of water at atmospheric pressure, which requires a heat
supply of 45.5 - 600 = 27,300 kcal. As the body contains 35 % of solids and only
30% of combustible substances, 0.3 - 70 = 21 kg of matter is available for the
cremation process. According to Professor Zuntz, this matter consists of 52%
carbon, 7% hydrogen, 23% oxygen, 1% sulfur and 17% nitrogen, which yields
the following composition:

0.52-21 = 10.92kg carbon

0.07-21= 147 " hydrogen

0.23-21= 4.83 " oxygen

0.01-21= 021" sulfur

0.17-21 = 3.57 " nitrogen

Total 21.00 kg substance

The air needed for the combustion of those elements can be calculated with the
known equation[*”

(2.667 - 10.92) + (8 - 1.47) + 0.21 — 4.83
1.43-0.21

= 123 m3 of air [recte 121 m3] [45]

at 0°C and 760 mm Hg, hence, for an excess of air of 50% we have about 185 m3
of air at 0°C and 760 mm Hg. In direct cremation, this volume of air is heated
by the combustion products to about 950°C, requiring (185 - 1.293 - 0.237 - 950)
= 54,000 kcal. The water vapor generated by the corpse is likewise superheated
to 950°C, the corresponding consumption of heat is (45.5 - 0.47) - (950 — 100) =
18,000 kcal. The heat generated by the oxidation of the elements mentioned
above can be arrived at by means of the well-known equation:

(8,100 - 10.92) + 29,000 - (1.47 — 4.83 )+ (2,500 - 0.21) — (600 - 45.5)
8
= 86,907 kcal [actually 86,798 kcal] [46]

Here, 27,300 kcal have been deducted for the evaporation of the water.

Let us now look at the two ways in which, by choice, the cremation of a human
body proceeds.

First case: The corpse is brought directly into contact with the products of the
combustion [of the gasifier] together with the excess air. The temperature of the
hearth of a cremation furnace is about 1,300°C, with the temperature of the re-
fractory material of the hearth, of the collecting channels, of the grate, of the
ash chamber, and of the cremation chamber being taken to be 1,100°C. The
temperature of the air must not drop below 800°C, therefore one may assume an
average temperature of

(1,100 + 800) = 2 = 950°C.

The mass of the brickwork of refractory material may be taken to be 6,500 kg for
one of the usual furnace designs. A heat amount of

47 The equation (2.67 C + 8 H+ S — 0)/1.43 - 0.21, which has in the numerator the weight (in kg) of ox-
ygen needed for the combustion, in the denominator the transformation index for changing from
weight (kg) to volume (Nm3) and the vol.% of oxygen in air (approx. 21%), to compute the amount of
air needed.
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6,500 - 0.21 - 1,100 = 1,500,000 kcal

is needed to bring it to 1,100°C.
Now, for the fuel consumption the following computation applies, depending up-
on whether one, five, twelve or twenty corpses are cremated in succession:

a) heating of refractory wall: 1,500,000 Cal.
b) heating of combustion air: 54,000 Cal.
¢) superheating of steam: 18,000 Cal.

1,572,000 Cal.
subtracting the heat generated by the corpse: 86,907 Cal.

Hence to be provided for the cremation of one corpse: 1,485,093 Cal.

which is the heat to be supplied for one cremation; assuming 3,500 kg for each
kg of coke (taking into account the large heat losses via the discharge gases)
this corresponds to an amount of coke of 1,485,093 + 3,500 = 420 kg.
As the heat generated by the body covers the heat required for the cremation, we
can assume that, after the cremation of the first corpse, no heat is removed for
this from the refractory wall, and only the heat needed to get the refractory
brickwork to the operating temperature is considered in proportion, plus the ad-
ditional heat needed to compensate for the natural losses due to cooling. On the
basis of the operational results at Berlin and Dortmund, these [losses] can be
taken to be 100% if more than five corpses are cremated in succession.
Hence, for the cremation of five corpses we have a fuel consumption of 85 kg
each, for 12 corpses a consumption of 71 kg (with an additional requirement of
100% for the heat losses due to cooling)“®! and for 20 corpses, including a cor-
responding increase, a consumption of 43 kg each. These figures are in good
agreement with practical results, as shown by a comparison between the results
obtained at the Berlin and Dortmund Crematoria and the above computations:
For one cremation: 420 kg per computation
480 kg per Dortmund data
For five corpses: 85 kg per computation
80 kg per Dortmund data
For twelve corpses: 71 kg per computation
75 kg per Berlin-Wilmersdorf data
For twenty corpses: 43 kg per computation
38 kg per Berlin-Wilmersdorf data

Second case: The corpse is in contact with hot air only, all of the refractory
brickwork is brought to 1,100°C by the combustion products of the hearth. A re-
cuperator of 8,200 kg has been provided for heating the air. Considering the
preheating of this device by means of discharge gases, the [heat] requirements to
reach the operating temperature are:

4 j.e. (420 +12) = 35 kg, plus 100% for the heat losses = 70 kg.
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a) 8,200 - 0.21 - (1,100 — 500) 1,000,000 Cal.
b) plus the heat necessary for the remainder of the re-
fractory brickwork as in the first case 1,500,000 Cal.
¢) same for heating of air 54,000 Cal.
d) same for superheating the steam 18,000 Cal.
2,572,000 Cal.
Less the heat produced by the corpse —86,907 Cal.
2,485,093 Cal.
Therefore, the fuel consumption for the
— cremation of one corpse =710kg
— cremation of five corpses =142 kg
— cremation of twelve corpses (+ 100%) =120 kg
— cremation of twenty corpses (+ 100%) =70 kg 1

The case where the whole of the refractory brickwork is heated by means of hot
air may be ignored, because the quantities of 4,600 kg, 875 kg, 440 kg of coke
per corpse are never used in practice.”

In a later article Tilly arrives at a total consumption of 2,694,343 kcal via a dif-
ferent computation and concludes that “with the indirect cremation one con-
sumes about 80% more coke than with the direct cremation” (Tilly 1927, p. 22).
The most-rigorous computation of the heat balance for a cremation furnace
with a coke-fed gasifier was no doubt produced by Engineer Wilhelm Heepke in
1931. Even if his approach contains some erroneous attributions of factors —
which confirms the great difficulty of the whole matter — it is of fundamental
importance for the solution of the problem and merits quotation as a whole, to-
gether with the original text (Document 91). To avoid useless repetition, | have
omitted the passages already quoted in Subchapter 5.1. (Heepke 1933, No. 9;
see Document 91):
“The heat-flow chart in Fig.2 gives an overview of the interplay between the
various combustion processes; the numerical values will be derived later on.
The various amounts of heat resulting from the incineration process have been
entered into Fig. 2 as percentages of the fuel efficiency and are shown as dot-
dash lines. For the first process of coke combustion, the heat losses are shown
as solid lines.
If we disregard the Gotha Furnace — which was initially heated with Bohemian
lignite anyway — the only types of modern design are coke furnaces with a recu-
perator. The latter is made up of firebricks. The first Beck-type furnaces of the
[18]90s were equipped with cast-iron air recuperators in line with the Klingen-
stierna System. It should be noted that there is at present a tendency in the steel
industry to return to recuperators using metal tubes. ”

At this point | have left out the paragraphs already quoted in Subchapter 5.1.

“If a computation is to be arrived at, only certain normal, maximum, or mini-
mum values — as the case may be — must be defined, aside from variations in the
amounts of heat and of temperature.

49 These data refer to the average consumption for the cremation of one corpse as a function of the con-
secutive cremations shown.
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The weight of the corpse of an adult person will run between 70 and 100 kg. Of
this, 65% represent is water content, thus 35% are dry substances, of which 5%
are incombustibles (ash). The 35 — 5 = 30% of combustibles are composed of
12% fat, 15% proteins and 3% other substances, i.e. of 52% C, 7% H, 23% O,
1% S and 17% N. Thus, for an average corpse weighing 0.5 - (100 + 70) = 85
kg, one obtains a total of 0.3 - 85 = 25.5 kg of combustibles consisting of:

0.12-85= 10.20kg of fat

0.15-85= 12.75kg of protein

0.03 -85 = 2.55kg of other substances

25.50 kg
or of:
c=0.52-255= 13.260kg of C
h=0.07-255= 1.785kg ofH
0=023-255=  5865kg of O
s=0.01-255= 0.255 kg of S
n=017-255= 4.335kg of N
25.500 kg

For a combustible substance of this kind, which is similar to a solid fuel, we
have an Excess-Air ratio m = 20.5 + CO,. Experience tells us that CO, ~13%,
hence m = 20.5 + 13 = 1.5. For the complete combustion of the parts mentioned,
the effective amount LB of combustion air needed is:

267C+8H+S-0 2.67-13.260 + 8:1.785 + 0.255 — 5.865
L=m- 0.3 =15- 03
= 220.365 =~ 220 m3 at 0°C and 760 mm. [47]

Experience as well as precise tests have shown that the temperature t in the cof-
fin muffle must not be less than ~ 800°C nor more than 1000°C, if a combustion
as complete as possible is to be achieved, yielding totally burned-out white ash.
At t > 1000°C, combustion would proceed more rapidly, but the bones would
become black and hard. We will therefore assume t = 900°C.

In the recuperator, the air is heated from the initial or room temperature t, =
10°C to t; = 350°C. We have selected t = 350°C, because the ignition tempera-
ture of the coffin’s wood is around 325-350°C. Thus, an additional amount of
heat has to be provided for the air amounting to:

W:=0.31-L- (t-t) = 0.31 - 220 - (900-350)
= 37,510 ~ 38,000 kcal. [48]

The 65% of water (Q) present in the corpse, or Q = 0.65 - 85 = 55.25 kg, must
also be heated to t = 900°C, which means that it has to be converted to saturat-
ed steam at 100°C and then superheated to 900°C. With a heat i = 640 kcal/kg
needed to bring this about at 1 atm (abs.) and a specific heat for superheating c,
= 0.48, we arrive at a heat requirement for this evaporation of:

Wo=q i+ Cp- (t— to)] = 55.25 - [640 + 0.48 - (900 — 10)]
= 58,963 ~ 60,000 kcal. [49]

50 L = Luft, air.
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During the incineration process, the incombustibles, i.e. the 5% of bones weigh-
ing 0.05 - 85 = 4.25 kg and having a specific heat of 0.2, will tie up an amount
of heat of:

W3 =10.2 -4.25 - (900 - 10)
= 740.5 [recte: 756.5] =~ 800 kcal, [50]

which must be considered lost once the ash has been removed from the ash col-
lector.

The fire-brick lining of the upper part of the furnace with the muffle, grate,
channels, and ash-collection space can be assumed to be = 3 m?; thus, for a den-
sity of 1,800 kg/m3 we have a total weight of G; = 3 - 1,800 = 5,400 kg. The
temperature of this fire-brick portion has been measured as being approximately
9 =800°C. Hence, to heat this upper portion of the furnace from 10°C to 800°C,
given a specific heat of 0.21, we have to supply:

Wi =cp- G1-(9— to) = 0.21 - 5,400 - (800 — 10)
= 895,600 ~ 900,000 kcal. [51]

The lower part of the furnace contains ~ 4 m? of firebrick and thus has a weight
G, =4-1,800 = 7,200 kg. Assuming unfavorably low [=cold] conditions, the hot
gases enter the recuperator at T; = 600°C and leave it through the flue duct at
Tr = 200°C. Thus we have:

An average temperature of the discharge gases:

_ Ti+Te _ 600+ 200
=72 T 2

Tn = 400°C, [52]

and an average air temperature:

o+t 10 + 350
W=""7" ="

= 180°C. [53]

With s =% of fire-brick of recuperator walls, thus a thickness of 0.065 m;
A = thermal conductivity of firebrick = 0.60 at 400 to 500°C;
o = heat-transfer coefficient for rough surfaces = 9.0 for v <5 m/sec
(acc. to Jiirges),

we get for the thermal transmittance K through the recuperator walls:

_ 1 _ 1 __1 _ °
K=1—5T =T o 1 = 533 = 333 kealim? °C hr. [54]
o A a 9 06 9

This provides us with the two surface temperatures of the recuperator bricks:

9= Tn— (Tn—tn) -5 = 400 - (400 - 180) - 22 = 318°C, [55]
9= tn + (To— tw) -~ = 180 + (400 - 180) - 222 = 262°C, [56]

and the average brick temperature:

9= LT = HEXZE g0, [57]
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As by definition oo = o' = a" = 9.0, we also must have:

g = 1ot = 2020 590ec, [58]

If 9 = 300°C, then the heat required for heating the recuperator becomes:
Ws=1¢p- Gz In=10.21 - 7,200 - 300 = 453,600 = 454,000 kcal [59]

which serves to heat the air from 10 to 350°C.

As the furnace temperature thus exceeds the ignition temperature of the coffin
material, the latter, as well as the corpse in due course, will ignite soon after the
introduction of the coffin under the effect of the hot air, i.e. the oxygen it con-
tains.

The cremation coffin has a weight Gz = 40 kg and could supply an amount of
heat equal to Hy, - Gz = 3,000 - 40 = 120,000 kcal with H, [I.h.v.] = 3,000 kcal/
kg for wood. However, the whole amount does not become effective, because the
effect is reduced by 33% under the action of the varnish, the filling material of
the coffin, and the clothes of the corpse, hence the gain as heat from the combus-
tion of the coffin, will be only:

W = 120,000 — 0.33 - 120,000 = 80,400 ~ 80,000 kcal. [60]

As the combustible portions of the corpse are made up of the same organic com-
ponents as a solid fuel, the heat generated by the combustion of the corpse can
be arrived at by means of the usual compound equation:

W5 = 8,100 - C + 29,000 - (H _%) +2,500 - S — 600 - Q

+2,500 - 0.255 - 600 - 55.25 = 105,402 keal. [61]

Including the fatty tissue of the corpse and assuming the heating value of the fat
to be 8,000 kcal/kg and that of the proteins and other substances to be 1,500
kcal/kg, we obtain:

W5 = 8,000 - 10.2 + 1,500 (12.75 + 2.55) = 104,550 kcal. [62]

However, one can also use proven empirical values from animal-carcass incin-
erators for the computation of W;. With good furnaces of this type, one uses a
coke consumption of 0.350 to 0.375 kg for the incineration of 1 kg of flesh in 1
minute. For = 0.5 and Hy = 7,000 kcal/kg we get:

W7 =0.5-7,000 - 0.350 - 85 = 104,125 kcal. [63]

Hence, as a definitive value, we can state:

W7 = 105,000 kcal.
For the cremation of an 85-kg corpse we thus get, on the basis of the empirical
data, a combustion time of 85 minutes = 1 hour and 25 minutes. This is a dura-
tion which must also be applied to modern cremation furnaces.
For a first cremation, including the preheating of the furnace, we now have the
following heat balance:
Heat to be supplied:
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for heating of cremation air Wi = 38,000 kcal
for water evaporation W, = 60,000 kcal
for heating the ash Ws = 800 kcal

for heating upper part of the furnace W, = 900,000 kcal
for heating lower part of the furnace Ws = 454,000 kcal
2 (Wis) = 1,452,800 kcal

Heat generated:
by combustion of the coffin W= —80,000 kcal
by combustion of the corpse W7 = -105,000 kcal
2 (We+7) = 185,000 kcal
Hence, we have for a first incineration a net heat requirement of
Winee = 1,267,800 kcal

As a fuel we consider coke in the form of gas coke or metallurgical coke. For
our purposes we will use a metallurgical coke having the following composition:
C =178.84; H=0.51; O = 1.0; S =0.91; WJater] = 8.21; A[sh] = 10.53 %. This
gives us a theoretical I.h.v.:

Hy = 81C +290 - (H - 9) + 255 - 6W

= 817884+ 290 (051~ 5% +25-0.91- 6821

=6,471.18 = 6,470 kcal/kg. [64]

To determine the effective heat requirements, i.e. the efficiency #,5 we must
consider the heat losses of the furnace, which are composed of loss
through the chimney, conduction and radiation losses, incomplete combustion,
and hearth residue (ash). For this purpose we will use empirical values having
been ascertained through tests or by experience for the fuel used. Partly, of
course, we must use average values for this computation. We have thus found:
flue duct temperature Te = 200°C, room temperature at start of heating to =
10°C and at start of operation t’s = 20°C, analysis of the discharge gas (flue
gases) CO, = 13; 0, =7.3; CO=0.5; H,=0.4; CH, = 0.3, and N = 70.5 % by
volume, ash content of the coke for a first heating A’ = 12 kg with an analysis of
Ca = 47.8; Ha = 0.1; S, = 1.6; incombustibles 50.5%, hence uncombusted and
incombustible materials in the ash Uy = (Ca + Ha + S3) =47.8 + 0.1 + 1.6 =
49.5%.02

By means of the combustion test in the Berthelot-Mahlert vessel, the
heating value of U, was found to be H,®®! = 3,650 kcal/kg.

Thisyieldsa chimney loss of:

Veen® =0.32 - (m +0.0048 - (9H + W)) (Te—to) - 100

78.84
0.536 - 13

lOO

+0.0048 - (9 0.51 + 8.21)) - (200~ 10) - 702

=032 (224

51
52

53
54

The original erroneously has “G,” which would normally stand for the weight.

U = Unverbranntes (uncombusted); U= uncombusted in the ash (subscript “a” = Asche, ash). The
capital letters signify the chemical elements. Hence, C, means that the 12 kg of ash contained 47.8%
(=5.736 kg) of carbon, and so on.

Hua = unterer Heizwert Asche, lower heating value of ash.

Veen = Verlust Schornstein, loss through chimney.
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= 10.80%. [65]
Or with the volume of the dry combustion gases:
_ 0.01-C _ 0.01 - 78.84 _
R[5 = CO, tCO+CH. ™ 13 +05303 = 10.7mkg.  [66]
0.536 - 100 0.536 - =00

Using the average specific heat of the discharge gases:
Com = 0.318+4.6-10°(Tt —to) = 0.318+4.6-107°-(200-10) = 0.32 [67]
we get:

_ Ry Com (Te-10) - 100 _ 70.7 - 0.327 - (200 — 10) - 100
= Hu = 6,470

Vacn =10.30%. [68]

Or, using the Excess-Air my = 1.5 in the generator, the weight of the discharge
gases is:

m1 - Hu _
1,000 —

1.5-6,470
1,000

Ryl = 1.4 - 1.4 - =13.57 kg. [69]
With the radiation ratio o = 0.15, the specific heat of the gases ¢ = 0.24, and the

efficiency of the generator =~ 0.90, the hearth temperature is:
_ Hu-(1-0) _ 6,470-(1-0.15)
T=to+n-—p = =10+0.90- =337 7522
=1,516°C=1,500°C, [70]
and thus with more-precise specific heats of ¢ = 0.282 at T = 1,500°C and cg =
0.235 at Te = 200°C (from Fig. 5) we obtain:

Vien = 5. 100 = 90225100 = 11.14%. [71]
And finally, accordingto Siegert:
Ven = 0.70 - 622 = 0.70 - 2220 = 10 5005, [72]

CO2 13

The loss through uncombusted gases (incomplete combustion)
corresponds to the presence of uncombusted substances such as CO and CH4
and can be given as:

v, 57 = Ry - (3,050 - CO + 2,580 - Hy)
un - Hu

10.7 - (3,050 - 0.5 + 2,580 - 0.4)
= 6,470

=4.25%, [73]

or, roughly, following Brauss, as:

_70-(CO+Hy) _ 70-(05+0.4)
N~ 0, +CO+H, ~ 13+05+04 — +93%. [74]

V

% R, = Rauchgase Verlust, loss due to discharge gases.
% R, = Rauchgase Gewicht, weight of discharge gases.
5"V = Verlust Unverbranntes, loss due to uncombusted matter.
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The loss through hearth residues (ash, slag) can be arrived at by
the assumptions made above and with a provisional estimated fuel consumption
(empirically) BF8 = 300 kg, as:

_ A'-8,100 _ 12 8,100
V59 = U, B S =495 - 300" _6 770 = 2.48%. [75]
Or:
A" Hya-100 12-3,650-100
Va= ua = = 2.26%. [76]

B-H, ~— 300-6,470

Loss by heat conduction and radiation must often be estimat-
ed by difference in the final amounts. Here, however, we can define it on the ba-
sis of the heat transmission by conduction.

The free-standing furnace block has an outside surface FI5% = 90 m2. The aver-
age temperature of the inside walls can be taken to be:

gy = L0 - 8002300 _ ggpec [77]

For the thermal transmittance K we have, with ax = a, = 7 (inside wall), on the
basis of fig. 6:

K= 1 _ 1
i s,s, s, L 1 012 001 038 1
tat e e 7Y07 Y06 t045t7

1317 =0.76 kcal/m2 °C hr. [78]

Over Z[51 = 3 hours of heating the incineration furnace, after reaching a steady
state in the generator, the heat loss through the brickwork of the furnace is:

Vil =k - F - ($'n—t'0) - Z=0.76 - 90 - (550 — 20) - 3
=108,756 kcal; [79]
or:

Vis - 100 _ 108,756 - 100
B-Hu = 300-6,470

= 5.60%. [80]

If we add another 30% for the considerable, but not easily measurable losses
through leakage of air and open areas in the brickwork or around traps and
gates, we get:

Vis = 1.3 - 5.60 = 7.28%. [81]

All of the above percentages of the heat losses refer to the percentage ratios in
H,. Taking the maximum of the percentages thus arrived at, we get, for the total
effective heat (cf. also fig. 2):

58
59
60
61

B = Brennstoff, fuel.

V, = Verlust Asche, loss through ash.

F = Flache, surface area.

Z = Zeit, time.

Vs = Verlust Leitung Strahlung, loss due to conduction and radiation. In the text, the letter “W” ap-
pears erroneously.
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100 — (Vsch+Vun+Vat+Vis) = 100 — (11.4+4.25+2.48+7.28) = 100 — 25.15

= 74.85 =~ 75% [82]
or an efficiency of:

n =0.75,
which means that the effective heating value of the coke is:

n -Hy=0.75 - 6,470 = 4,850 kcal/kg. [83]

Thus, for a first cremation, the fuel requirement is:

B = Wi 1,267,800
'Ty-HiT 4,850

=262 kg. [84]

For heavy-duty furnaces, G and G, and hence W, and Ws are higher to such a
degree that B, goes up to 300 to 400 kg and higher.

For a second cremation in succession, we must supply, on the one hand, the
amounts of heat needed for the preheating of the combustion air, for the evapo-
ration of the water and for the heat absorbed in the ash, i.e.:

W1 + W, + Ws = 38,000 + 60,000 + 800 = 98,800 kcal, [85]

plus ~30% for the heat losses from the furnace due to absorption, conduction,
radiation, air leakage, introduction of the coffin, dampers and gates etc., thus:

0.30 - (W4 + Ws) = 0.30 - (900,000 + 454,000) = 406,200 kcal. [86]
Combustion of the coffin and the corpse yield:

Ws + W7 = 80,000 + 105,000 = 185,000 kcall, [87]
but = 15% of this amount is lost through the chimney, hence we have:

0.85 - (Wg + W7) = 0.85 - 185,000 = 157,250 kcal. [88]
Thus, for the second cremation, we must supply:

Wi = (98,800 + 406,200) — 157,250 = 347,750 kcal, [89]
and:

By = % = 250 = 72 kg [of coke]. [90]

Given that each further operating hour leads to a decrease of the heat loss by
absorption in the brickwork, up to the point where a certain steady state is
reached, for any further operating hour we may reduce this heat loss linearly,
on the basis of experience and through measurements, down to a limiting steady
state at ~15%.°I

For the third through the fifth cremations, we may assume an average between
30 and 15%, hence ~22%, which yields:

Wi =0.22 - (W4 + W5) + (Wl + W, + W3) -0.85 (We + W7) [91]
=0.22 - 1,354,000 + 98,800 — 157,250 = 239,430 kcal

8 See the table of coke consumption of certain German crematories in the original text, Document 91,

table on page 127 of Heepke’s paper.
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and:

By = i = 225280 494 = 50 kg [of coke]. [92]

By the fifth or the sixth cremation the steady state of the furnace will have been
more-or-less attained, and one may now use the lower limiting value of 15%
with reasonable confidence. Then, for the nth cremation, we obtain:

W, =0.15 - 1,354,000 + 98,800 — 157,250 = 144,650 kcal [93]
and:
_ Wn 144,650 _
B, = 7 Hi— 4850 - 30 kg. [94]

All these theoretical values are in good agreement with practical experience.
Many crematoria use a daily or yearly average, depending on the demands of
the installation. One thus finds for a first cremation including preheating:

B =175 to 275 kg for a normal medium-size furnace

= 300 to 450 kg for a heavy-duty furnace in continuous use
= 75to 50 kg a further cremation in succession.

Because the administrations of the crematoria are evening out their fuel con-

sumption over longer periods of time, one can find only very few concrete indi-

cations for the consumption of coke for individual cremations in succession. Ba-
sically, such data can only be gathered by heating tests. A limited survey of the

situation is given in table 1. The preheating time has been taken as some 2 to 3

hours, the cremation time as % to 1% hours throughout. We have intentionally

refrained from indicating the furnace systems.

The greatest number of cremations were carried out in 1930 at the Berlin-Wil-

mersdorf crematorium, 3,784 altogether; for 52 weeks per year and six operat-

ing days per week, this corresponds to an average daily load of 3,784+(52-6) =

12. The average consumption was 35 kg of coke for one cremation.”

As | have already mentioned, this heat balance contains some mistakes in the at-
tribution of factors as well as a few computational errors.

In the equation for W> regarding the heat of vaporization and of superheat-
ing (EQ. 49: W2 = Q - [i + cp- (t — to)]), the heat needed for superheating water
vapor starts at 100°C, so tp is actually 100°C. In addition, the energy needed to
heat liquid water from 10°C to 100°C and then evaporate it (i) is actually 633
kcal/kg.%

Furthermore, the heat actually lost due to superheating the vapor generated
by the corpse water should not be based on the temperature of the muffle, but on
that of the flue gases at the exit of the recuperator (at least 200°C),% because the
difference has been recovered in the recuperator and has already been taken into
account in Eq. 59 for Ws (p. 118).

6 Vaporization heat of water: 2.27 MJ/Kg, or 543 kcal/kg; add to this 90 kcal/kg to heat the water from
10°C to 100°C; cf. www.engineeringtoolbox.com/water-thermal-properties-d_162.html and other
sources (e.g. Wikipedia).

Note: This is not applicable to the Auschwitz furnaces, which did not have recuperators.
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With an average heat capacity of steam in the temperature range of interest
(0.46 kcal/kg/°C®) the correct equation becomes:

W2=55.25 - [633 + 0.46 - (200 — 100)]
= 37,514.75 = 37,500 kcal (instead of Heepke’s 60,000 kcal). [95]
In Eqg. 61 (W7, p. 118) used by Heepke to calculate the I.h.v. of the corpse:
W> =8,100 - C + 29,000 - (H-0/8) +2,500 - S—600 - Q

the heat removed by the vaporization of the water contained in the corpse (with
reference value at 0°C = 595 kcal/kg ~ 600 kcal/kg and 55.25 kg water, hence
33,150 kcal) is already included, and Heepke thus counts this heat of vaporiza-
tion of the corpse water twice.

Heepke, moreover, calculates the efficiency of the hearth as a function of the
heating process, i.e. for an empty muffle, and consequently uses a CO, content
of 13%, which he also applies to the corpse. However, in the chart he published
in the same article (Document 78) the CO, content is very low, with a maxi-
mum of 7% and a minimum of 1%. The average does not even come up to 4%.
This means that the Excess-Air ratio, if it is also applied to the corpse, is con-
siderably higher than that of the hearth by itself.

When subtracting the heat loss due to the sensible heat of the fumes (0.85 -
W7 in Eq. Wii/[91]) from the L.h.v. of the corpse, Heepke counts this loss twice:
once when it enters the muffle (W1/[48]) and again when it leaves the chimney
(Wn).

Because heating the theoretical combustion air of the coffin (= 140 m3) re-
quires =~ 8,200 kcal of heat, the sensible heat of the fumes of the coffin is al-
ready contained in the heat loss of 33% of the l.h.v. assumed by Heepke in W,
with an Excess Air ratio of 2 or 3, hence it is not necessary to account for this
loss in Wy (0.85 - Ws); in that case, the heat loss would be (0.33 + 0.15) - 100 =
48%, certainly an excessive value. The same heat loss of some 33% appears
moreover dubious, because the cushioning material in the coffin by law had to
be combustible and the clothes are combustible as well.®’

Bringing the heat content of the walls into play (W4 and Ws) makes sense
only if one intends to calculate the average consumption for each cremation in-
cluding the preheating. Heepke instead wants to calculate the consumption for
each individual cremation independently of the preheating, as we can see from
the fact that for him the first cremation would require = 262 kg of coke, but the
second one only 72 kg; this value cannot also include the consumption for the
first cremation, because in that case the second cremation would have had to
bear (262 + 2 =) 131 kg. However, Heepke considers the heat content of the re-
fractory brickwork even in his computation for the nth cremation (W, and B),
after the latter has already reached a thermal steady state.

This discrepancy can be explained: Heepke did a theoretical calculation
which he then wanted to confirm with experimental data from the crematoria.

% http://www.engineeringtoolbox.com/water-vapor-d_979.html
57 Leather shoes contribute 4,020 kcal/kg, wool 4,600 kcal/kg, cotton 3,600 kcal/kg (Salvi 1972, p. 786).
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These data represent, for the second cremation, an approximate consumption of
30% of the heat accumulated in the refractory brickwork of the furnace, of 22%
for the third through the fifth cremation, and of 15% each from the sixth crema-
tion onwards, because the furnace has now reached its thermal equilibrium. But
as the refractory brickwork of the furnace in this phase no longer absorbs any
heat, hence (W4 + Ws) = 0, the consumption of 15% refers necessarily to the
heat losses, which Heepke calculated only partly or not at all, as well as to those
which cannot be calculated exactly. Of all these losses, the greatest by far is the
one concerning the heating of the combustion air for the corpse, which has a
volume much larger than that calculated by Heepke.

This having been said, the heat consumption for the nth cremation can be
approximately corrected in the following manner:

As far as the efficiency of the gasifier is concerned, we will assume Heep-
ke’s data (Eq. 82) for losses due to the heat of the exhaust gases (11.14%), due
to uncombusted portions of the discharge gases (4.25%), and due to hearth resi-

dues (2.48%).

Then the efficiency of the hearth becomes:

100 — (11.14 + 4.25 + 2.48) = 82.13 = 82%. [96]
The heat value of the coke thus becomes:

0.82 - 6,470 =~ 5,300 kcal/kg. [97]

The heat losses due to radiation and conduction are not included in the efficien-
cy, because they tend to stabilize as the furnace reaches a thermal steady state,
and their values are a function of time; therefore, we prefer to calculate them di-
rectly. For the cremation process one may assume an average duration of one
and a half hours (cf. Chapter 6), hence the heat loss by radiation and conduction
from the brickwork of the furnace is:

Vis=0.76 - 90 - (550 — 10) - 1.3 - 1.5 = 72,000 kcal. [98]

The theoretical volume of combustion air for a body of 85 kg on the basis of the
composition assumed by Heepke is =~ 147 m3, hence the heat required for heat-
ing the combustion air of the corpse is:

W1 =1.5"-147-0.31 - (200 — 10) ~ 13,000 Kkcal. [99]
For the evaporation and superheating of the body water we have:

W, ~ 37,500 keal. [100]
The heat lost with the removal of the ashes is:

W3 ~ 800 kcal. [101]
The heat accumulated in the refractory brickwork of the furnace is:

W, = 900,000 kcal; [102]

Ws = 454,000 kcal. [103]
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The effective heat value of the coffin is:
Ws =~ 80,000 kcal. [104]
The upper heating value of the corpse is:
W7 = 8,100 - 13.26 + 28,7000 - 1,785(5.865/8) + 2,210 - 0.255
~ 138,200 kcal, [105]

without subtracting the evaporation heat of the water already contained in Wo.
On this basis, one may write the following heat balance for the nth cremation
as:

0.15 - (900,000 + 454,000) + (13,000 + 37,500 + 800 + 72,000) — (138,200 + 80,000)
5,300

108,200
=75.300 - 20.4 kg of coke. [106]

This result is in good agreement with the experimental results. The following
consumption data for coke were found in R. Kessler’s experiments described in
Chapter 4:
a. total consumption: 436 kg
b. consumption for preheating of furnace: 200 kg
c. consumption for 8 consecutive cremations: 236 kg
d. average consumption for one cremation incl. preheating of furnace:

436 + 8 =54.5kg
e. average consumption for one cremation without preheating of furnace:

236 +8=29.5 kg
Consumption (c) for the eight cremations (excluding consumption for preheat-
ing the furnace) includes the heat which is absorbed by the refractory brickwork
until at some point thermal equilibrium is reached. Since the average consump-
tion of fuel, including preheating (d), is 54.5 kg per cremation, preheating there-
fore consumes (54.5 — 29.5 =) 25 kg of coke, or 25 + 54.5 - 100 = 45.87% of the
fuel of the average cremation. Furthermore, since the muffle has reached a tem-
perature of 800°C at the end of the preheating phase but is not yet in thermal
equilibrium, it is clear that the proportion of fuel consumed to reach equilibrium
during the cremations is necessarily lower than that for the preheating phase,
and it continues to decrease with each cremation. If the proportion were the
same as for the preheating phase, it would be (236 - 0.4587 =) 108 kg of coke.
The theoretical minimum coke consumption for a small incineration series (e.g.,
8) would then be (236 — 108) + 8 =~ 16 kg. The actual consumption must there-
fore lie between this purely hypothetical lower limit and the average consump-
tion (e) of this small series, i.e. 29.5 kg. We take this here as the upper limit of
the range of values to be assumed.

If we assume that furnace’s fuel absorption does not remain constant, but
decreases linearly (from 108 kg to 0 kg) in order to reach the equilibrium

8 \We use the value indicated in Subchapter 1.1.
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weight, its average value is (108+-2=) 54 kg. Then the average consumption for
one cremation would be:

(236 — 54) + 8 = 23 kg of coke. [107]

The experimental data for the crematorium at Berlin-Wilmersdorf, too, confirm
an average consumption for the nth cremation well below Heepke’s result. In
fact, the actual average consumption of some 35 kg per cremation contains both
the coke consumption for 52 preheating operations on Mondays after the week-
end, and the 208 preheating operations after the twelve hours of cooling on each
operating day during the weke, from Tuesday through Friday (hence 52 x 4).

8. Legal, Ethical and Professional Standards for
Cremations in Germany

Although the first German crematorium was built as early as 1878, cremation in
Germany was not legally recognized for quite some time; in Prussia it became a
legal option only with the law on cremation of September 14th, 1911 (see
Lohmann 1912). In the other parts of the Reich, it was accepted between 1899
and 1925, albeit with rather divergent regulations (Marcuse 1930, pp. 121-133).
Legislation was unified only in the 1930s: the first “Law on Cremation” as such
was promulgated on May 15th, 1934. It contained 11 articles that concerned in
particular the medical and legal aspects of cremation as well as the oversight au-
thority of the police in the matter. Shortly thereafter specific ordinances con-
cerning the cremation furnaces and the cremation process were issued: “Service
regulation for cremation devices” on November 5th, 1935, and “Decree con-
cerning the application of the law on cremation” on August 10th, 1938. Below
follows a translation of those two decrees.

“Service regulation for cremation devices of November 5th, 1935

81

The person in charge of the cremation installation is responsible for its opera-

tion.

§2

(1) The corpses may only be accepted if the consignor can prove without doubt

his own identity as well as that of the corpse. The corpses must be presented in

coffins made of wood or of zinc. The coffins must be free from incombustible me-

tallic decorations (fittings, handles) to the greatest extent possible and must be

of a size and quality such as not to cause any difficulty during introduction into

the cremation chamber and to guarantee a subsequent combustion without

smoke or odor.

(2) The coffins must not exceed the following measurements:

Length: 2100 mm

Width: 750 mm (in exceptional cases 800 mm)

Height: 720 mm (excluding feet)
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(3) On the front part of each coffin must be affixed a label of the consignor
clearly showing last name and first name of the deceased as well as the date and
hour of the funeral ceremony.

(4) If there are any objects of value on the corpse, the consignor must indicate
this and the recipient must verify their presence.

(5) The consignment of a corpse must be recorded in a book (book of consign-
ments) with the following details:

a) Last name and first name of the corpse consigned

b) Name (firm) of consignor

c) Date of consignment

d) Presence of any valuables on corpse

The recipient and the consignor must certify the accuracy of the above by their
signatures in the book.

§3

(1) The person in charge declares the time of incineration.

(2) Cremation must not take place prior to the expiry of a period of 24 hours
counted from the moment of the presentation of the request to the police authori-
ties at the place of cremation. It may take place only if the written permission of
the police authority at the place of cremation is presented (83 of the Law). It
must, however, be carried out within 72 hours starting with the issuance of the
permission by the police. If this period cannot be observed, the person in charge
must request from the police authority an extension of the period, specifying the
reasons for the delay.

§4

The funeral hall of the cremation installation — of the cemetery — is available for
funeral ceremonies. The corpses are preserved in the mortuary. Corpses with
valuables must be placed under special custody. On reception, any fittings at-
tached by screws must be removed. The coffins will be closed not later than half
an hour before the funeral ceremony. If the operation allows, the bereaved may
view the corpse up to the beginning of the funeral ceremony. Public exposure of
the corpse and opening of the coffin during the funeral ceremony are prohibited
unless the police authority has granted an exception.

(2) For corpses of persons having died from a contagious disease, the disposi-
tions of the Reich and of the regional states in force for such cases will be appli-
cable. The opening of the coffin in such cases will not be permitted.

85

(1) The corpses may be cremated in the coffins or coffin inserts in which they
have been received. Only one corpse at a time may be cremated in one crema-
tion chamber.

(2) The body of a stillborn child or of a child having died during birth may be
cremated together with the body of the mother.

(3) Care has to be taken for the cremations to take place in a dignified manner.
(4) Prior to the introduction of the corpse, the cremation furnace must be heated
until the walls of the [cremation] chamber have started to glow in order for the
cremation process to proceed without further or supplementary supply of heat.
In exceptional cases, supplementary heating may be added during the crema-
tion.
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(5) Prior to the introduction of the coffin, an indestructible plate must be placed
on the coffin, clearly embossed with the entry number in the cremation registry
and the name of the cremations installation.

(6) During the cremation process, care has to be taken to prevent to the greatest
possible extent that smoke becomes visible above the chimney. Any kinds of
measures aimed at an acceleration of the process are strictly prohibited.

(7) When the coffin is introduced into the furnace, the presence of two relatives
of the deceased or two persons designated by them is permitted. The observation
of the cremation itself is not permitted to the relatives nor to third parties, but
only to the attendants of the installations. The municipal director or the office
authorized by him may allow the observation to certain individuals, provided
they demonstrate a scientific objective.

86

Treatment of the ashes

(1) After the end of the cremation, the cremation chamber must be carefully
cleaned. The ashes remaining must be removed from the furnace, cooled, freed
from any metal parts by means of magnets and then transferred, together with
an identification plate, into a metal container, air and watertight over a long pe-
riod, which must be officially sealed. The lid of the container must be of a re-
sistant metal (e.g. steel plate). The lid or a metal plate attached to it must be
clearly embossed in relief as high as possible with the following data:

1. The cremation number corresponding to the cremation number and to the
number plate of the ashes,

2. last name, first name and state of the deceased,

3. place, date and year of his birth,

4. place, date and year of his death,

5. place and date of the cremation.

(2) The containers must correspond to the norm set up by the German Institute
for Standardization of Berlin, DIN standard 3198 “Ash lids for urns.”

87

Register of cremations

A register for cremations carried out must be kept in accordance with Attach-
ment 2 of Section 11 of the Decree of June 20th, 1934, concerning application of
the Law on Cremations (Reich official gazette, I, 519). At the end of the calendar
year it must be closed and verified against the one kept by the police authority.
88

Burial of the ashes

(1) The ashes of each corpse must be interred in a hall, in a wood, or in a place
of burial for urns, unless an exception has been granted by the police authority
on the basis of 89, section 3, of the Reich Law on cremations.

(2) The ashes must not remain in the possession of the relatives, not even tempo-
rarily. Therefore, the container of the ashes may not be handed to them or to
their trustees, not even for the burial elsewhere.” (Schumacher 1939, pp. 118f.)

The “Decree Concerning Application of the Law on Cremation” of August 10th,
1938 (Document 92) specified the following:%®

8 Reichsgesetzblatt 1938, Teil I, pp. 1000f.; also in Schumacher 1939, pp. 119f.
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“By authority of 810 of the Law on Cremation dated May 15th, 1934 (Reichsge-
setzblatt I, p. 380) it is decreed:

81. An expression certifying the wish directed towards cremation, laid down on
the form of an association for cremation and personally signed, will stay valid
even if it not written personally.

82 (1) The police authority for the place of cremation must maintain a register
for all cremations authorized by it, separately for each independent installation
if applicable, specifying by consecutive numbers:

. last name and first name of the deceased

. date and place of birth

. date and place of death

. last residence

. rank or profession

. religious affiliation

. cause of death

. date and hour of cremation

. date and number of authorization certificate

10. place of disposal of ash remains

11. change of place of disposal of ash remains (8 10, par. 2).

(2) The register is to be preserved, together with the certificates and proof doc-
uments pertaining to the authorization, for 30 years following the last entry in
the register.

83 (1) The official medical certificate prescribed in accordance with 83, par. 2,
No. 2, of the Law must be prepared by the official or medical examiner licensed
in the place of death or the place of cremation in conformity with the form at-
tached.

(2) The supreme regional authorities may, if necessary, authorize other physi-
cians for the inquest and the preparation of the certificate, provided these per-
sons have passed the official medical examination for local or regional medical
examiners, or have successfully attended a special course imparting the
knowledge necessary for forensic inquests, or had been entrusted with these ac-
tivities before promulgation of the Law.

84. In the case of corpses being transferred for cremation from a foreign coun-
try, the police authorities of the place of cremation will decide whether the
corpse passport established in accordance with the international agreement
concerning the transportation of corpses is sufficient for proof of the cause of
death. Any doubts must be resolved by an official inquest as specified in 83,
par.2, No. 2 of the Law.

85. The expression of the wish towards cremation may be revoked. The revoca-
tion must be proven in an irrefutable manner; irrefutable proof is considered as
having been furnished in particular if the revocation takes one of the forms laid
down in 84, Nos. 1 to 3, of the Law.

86. The cremation installation must have available a corpse repository, in which
the corpses can be kept prior to cremation. Furthermore, a room for autopsies
must be provided, containing the equipment needed for such purpose.

87. The cremation installation and its operation are subject to the oversight of
the police authorities at the place where the installation is located. The opera-
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tion will follow the operational procedures, must be approved by the supreme
state authorities, and will specify the fees applicable.

88. The person in charge of the operation of the cremation installation must be
expressly authorized by the supervising police authority.

89. Cremation may only be undertaken after the written authorization of the po-
lice authority of the place of cremation (83 of the Law) has been provided to the
person in charge of the operation of the cremation installation. The cremation
must be undertaken within three times 24 hours after issuance of the police au-
thorization. If this period cannot be respected, the person in charge of the op-
eration of the cremation installation must submit an application for an extension
of the period to the police authorities specifying the reasons for the delay.

8 10 (1). The person in charge of the operation of the cremation installation
must immediately notify the cognizant police authority of the cremation and of
the disposal or shipment of the ash remains. In this connection, the following
must be specified: Last name and first name of the person cremated, number and
date of the authorization document of the police, time of cremation, time and
place of disposal of ash remains, address to which the ash remains have been
transferred in case of transfer. Transfer of ash remains may only be undertaken
when the person in charge has received a certificate of the cemetery administra-
tion concerning the approval of burial.

(2) If the ash remains have been transferred for burial to a different location, the
cemetery administration or the police authority of this location must notify the
police authority of the place of cremation of the execution of the burial. Any
shipment of ash remains previously buried must be reported to the police au-
thority of the place of cremation.

(3) Ash remains must not be handed over to the family or their agents, be it for
burial at a different location, subject to the exception in 89, par. 3 of the Law.
(4) The resting period for ash remains is twenty years, if a resting period of 20
years or more is applicable for interments at the same location; in all other cas-
es the resting period for ash remains must be at least equal to the resting period
specified for interments at the same location. After the end of the resting period,
the ash remains and their containers still present and recognizable as such are
to be incorporated into the ground in a collective burial site.

8 11 (1). A register in accordance with the sample attached (cremation register)
must be kept for the cremations carried out in the cremation installation. At the
end of each calendar year, this register must be closed and must be compared
with the register kept by the police authority (82).

(2) The register of cremations, together with the corresponding authorization
documents, is to be preserved for thirty years following the last entry made in
the register.

812 (1) The corpses must be cremated in the coffins or coffin inserts in which
they arrive at the cremation installation. The coffins must be made of thin wood
or zinc plate and be free from metal fixtures. Pitch must not be used for filling of
cracks. As a mattress for the corpse as well as for the filling of any cushions,
sawdust or plane shavings, excelsior or peat mull are to be used. The lining of
the coffin and the garments of the corpse may be prepared in the usual way,
however, metal nails for the lining and needles, hooks and eyes for closing the
garments are not authorized, simple cloth-covered buttons being permitted.
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(2) The Reich Minister of the Interior may allow other substances than those

mentioned in Par. 1, to be used for the mattress of the corpse and as filling ma-

terial for the cushions.

813. Only one corpse may be cremated in the cremation chamber at any one

time. Before their introduction into the cremation furnace, the coffins must be

equipped with a plate which cannot be destroyed by the heat of the furnace and

which displays in a clearly visible manner the entry number in the cremation

register concerning the cremation as well as the name of the cremation installa-

tion. The ash remains of each corpse must be collected, together with the num-

ber plate, in a solid, permanent and air- and watertight vessel, which must be

closed by an officially recognized person. The lid of the vessel is to be provided

with a well-attached plate showing the following indications in a clear embossed

lettering:

1. the cremation number, identical to the cremation register and the ash number

plate

2. last name and first name of the deceased person

3. place, date and year of birth

4. place, date and year of death

5. place and date of cremation.

814 (1) The expenses for the official inquest are to be computed on the basis of

the minimum rates of the rate-table for official or forensic medical procedures.

The costs thus generated will be borne by the person responsible for the inter-

ment.

(2) To the extent that any fees are charged for the police authorizations, they

should not exceed three Reichsmarks.

8§ 15 (1) This decree will come into force the day following its publication.

(2) At the same time, the following will be rescinded:

— the Decree for the execution of the law on cremation dated June 26th, 1934

(Reichsgesetzblatt I, p. 519),

— the Decree concerning the alteration of the decree concerning the execution of

the law on cremation dated October 16th, 1936 (Reichsgesetzblatt I, p. 884) and

— the Second Decree concerning the alteration of the Decree concerning the ex-

ecution of the law on cremation dated October 13th, 1937 (Reichsgesetzblatt I,

p. 1132).

Berlin, August 10th, 1938.

Reich Minister of the Interior

By procuration, Dr. Stuckart”
The way toward these legislative provisions had been prepared and paved in
Germany by ethical and professional norms which were suggested by the cre-
mation associations and the administrations of the German crematoria. In 1932,
the Union of Cremation Societies for Greater Germany requested the engineer
Richard Kessler to draw up ethical and professional guidelines for cremation,
which were published the same year under the title “Norms for the construction
of furnaces for the cremation of human corpses” (Kessler 1932, 1933b).

These norms considered cremation from four points of view: ethical, esthet-
ic, hygienic and economic. In 1937 the Union of Cremation Societies for Great-
er Germany decided to review the norms defined by Kessler — who, incidental-
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ly, had died on June 24th, 1933 — in view of the laws on cremation promulgated
in 1934 and 1935. This re-elaboration was published under the title “Norms for
the construction and operation of furnaces for the cremation of human corpses”;
it was divided into four sections, the last of which consisted of the law of No-
vember 5th, 1935. The norms laid down in the first three sections were the fol-
lowing (Grofdeutscher... 1937):

“The cremation furnace, in the same way as the various central, operational
and ancillary buildings necessary for a crematorium, must be conceived in con-
formity with the solemn purpose in such a way as to guarantee the general prin-
ciples of ethics, esthetics and economy. In the construction and operation, the
following demands must be satisfied:

A Layout of the Rooms
1. The operating hall must be divided, by means of a partition, into an ante-
chamber (introduction room) and the furnace hall as such.
2. The introduction room must be realized in a particularly dignified manner in
view of the purpose which it serves.
3. The introduction device for the coffin must operate without noise and must
moreover be built in such a way as not to clash with the architecture of the in-
troduction room.
4. The introduction opening of the furnace must be provided not only with the
usual closure of refractory clay but also with a closure adapted to the style of
the introduction room.
5. The introduction and operating rooms must be equipped with good means of
ventilation.

B Cremation Furnace
1. The cremation furnace must be built in such a way that
a) only one body at a time can be cremated in the cremation chamber,
b) the cremation process can be observed through viewing ports,
c) the internal devices can be cleaned easily and comfortably without any sani-
tary risk for the personnel,
d) during the heating operations to achieve the operating temperature the solid,
liquid or gaseous fuel used will burn without smoke or odor,
e) the cremation of the corpse takes place without smoke or odor,
f) at the entry to the chimney a draft of at most a quarter of that of the flue may
be perceived,
g) no combusted gases escape into the room during or after the introduction of
the corpse,
h) any and all liquid substances forming during the cremation are retained and
completely dissolved within the furnace.
2) The introduction of the coffin into the cremation chamber may take place only
after the latter has been preheated to 500°C. In furnaces with internal firing, the
heat supply must, in principle, be cut before the corpse is introduced. If, in spe-
cial cases, it should be necessary to supply additional heat during the crema-
tion, this must take place only during the second phase of the cremation and by
means of clean combusted gases; the use of jet flames is not allowed. If the cre-
mation chamber is heated by means of electricity or from outside the chamber,
additional heat supply is always permitted.
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3. In furnaces having mixed heating, the switchover from one to the other heat-

ing system must be possible during the cremation without an interruption of the

cremation process.

4. The outside surfaces must have a dignified appearance and must be easy to

clean. The cladding must be easy to disassemble and to re-use. If there are tech-

nical parts directly on the furnace (pipes, anchor bolts, etc.), they must be hid-

den to the greatest possible extent.

5. All external surfaces of the furnace must be sufficiently well insulated against

heat radiation. For the insulation, only insulating materials that can be easily

removed and re-employed in case of repair work are to be used. Insulation

simply by means of simple air chambers is not acceptable.

6. Taking into account the economics of the process, the cremation chamber

must be laid out in such a way that a normal coffin can be placed into it.

For this purpose, the following minimum internal dimensions are specified:

Width: 900 mm, surface of the floor at least 800 mm, diameter of semi-
circular vault 800 mm; this reduction starts at a level of
250 mm

Height: 900 mm

Length: 2,250 mm

From these furnace dimensions, taking into account the demands of heat tech-

nology, the following maximum dimensions for the usable coffins are derived:

Height: 720 mm, not counting the feet

Width: 750 mm, exceptionally 800 mm maximum

Length: 2,100 mm

Coffins exceeding the above dimensions must be refused.

7. The inside of the cremation chamber must be as smooth as possible; open
joints in which ash particles could settle are to be avoided.

8. With respect to the design of the cremation chamber, both a grate and a plate
are acceptable for the floor.

In furnaces with grates, the open width of the grate bars must not exceed 210
mm for transverse grates or 100 m for longitudinal grates.

In furnaces with movable or invertable floor plates for the removal of the ashes,
these plates must not be moved before the end of the cremation. Safety measures
must be taken to avoid any premature movement of the plates.

9. The refractory material used must be absolutely insensitive to the high tem-
peratures and the temperature fluctuations that the furnace undergoes.

10. From the structural point of view, the refractory mass of the cremation fur-
nace must be such that the heat accumulated during the preheating phase up to
the operating temperature is sufficient for the cremation to be carried out by
means of cold or preheated combustion air.

11. The cremation chamber and the post-combustion chamber must be separated
by a separating wall. It may be invertable but must close sufficiently tight to
prevent ash particles from falling through.

12. With cremation furnaces for normal and continuous usage, a recovery sys-
tem should be considered for the greatest possible exploitation of the discharge
gases, to the extent that the design of the furnace allows it.

13. To enhance the draft of the chimney, forced-draft devices are acceptable in
cases where chimneys cannot be built sufficiently high for architectural reasons.
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However, the discharge gases must be discharged in a way such that the envi-

ronment is not affected.

14. The utilization of the discharge gases for purposes other than the mere exe-

cution of the cremation must be prohibited for reasons of reverence.

15. All closures and other control devices on the furnace, in the flue duct, and in

the chimney must be made tight in a way such that extraneous air currents are

excluded.

16. In order to follow the course of the preheating to the operating temperature

and of the subsequent cremations, it is absolutely necessary to equip [the fur-

nace] with at least the following control instruments:

a) temperature measuring device in the cremating chamber,

b) temperature measuring device in the flue duct,

c) temperature recorder,

d) manometer.

17. For the cremation the furnace must be designed moreover in such a way that

during the period between the introduction of the coffin and the end of the cre-

mation process no direct manipulations are necessary. After the cremation has

taken place, [such manipulations] must be limited exclusively to:

a) the cleaning of the cremation chamber,

b) to the transfer of the ashes from the upper ash collection point into the post-

combustion chamber,

c) to the transfer of the ashes from the post-combustion chamber to the ash-

removal vessel.

18. In the case of zinc coffins, the liquid zinc must be withdrawn into a special

container.

C. Ashes

1. The ashes must be completely burnt out and free from charcoal residue and

other combustibles.

2. The removal of the ashes from the post-combustion chamber must be done in

a dignified manner.

Before being placed into the urn, the ashes must be freed from charcoal parti-

cles and metal parts of the coffin, outside the furnace.

3. The handling of the ashes after their removal from the furnace up to the clos-

ing of the urn must absolutely be done without [creating] any dust.

D. General Remarks

1. All devices necessary for the operation of the installation must work silently.

It is imperative to prevent the transmission of any unavoidable sounds into the

other rooms.

2. For the operation of the installation, other than the norms set out above, the

following ‘Service regulations for cremation plants dated November 5th, 1935’

are binding. ” (Followed by the text of the law.)
The resurgence, in these norms, of the ideal of a completely indirect cremation
process — which had given rise to many vigorous attacks against the Decree of
October 24th, 1924, with its acceptance of the semi-direct process — shows how
strongly the German cremation societies clung to the primacy of the ethical and
esthetic aspects of cremation. In practice, however, the crematoria were more-
inclined to follow a course favored by considerations of economy, a develop-
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ment which had already started prior to the above decree. Hence what these
norms regarded as the exception, at least for furnaces with a gasifier, tended to
become the rule.

9. Cremation Statistics

9.1. Statistics for Germany (1878-1939)

The first German crematorium went into operation at Gotha on December 10th,
1878; for the ensuing twelve years, it was also the only one. Over the last dec-
ade of the 19th Century, the number of crematoria rose very slowly: in 1900,
there were hardly five. A notable increase occurred only in the years preceding
the First World War: by 1913 there were 40 crematoria, and by the end of the
war, 52 had been built. In the period between the two world wars the movement
for cremation grew at a rapid pace, and the number of crematoria increased ac-
cordingly. There were 54 in 1920, 68 in 1925, 104 in 1930, and 114 in 1935.
With the inauguration of the Lahr Crematorium (July 16th, 1939) — the last
crematorium built before the outbreak of the Second World War — the number
of crematoria in the Old Reich reached 122, but on the territory of Greater Ger-
many, a total of 131 existed, five of which were in Austria and four in the Sude-
ten Territory.

The following table covering the period between December 10th, 1878, and
April 10th, 1928, presents data concerning the first 83 German crematoria (Ver-
band... 1928, pp. 82-87; see Document 112).

Table 3: Chronological List of German Crematoria between 1978 and 1928
# |Location Start-up Date| #of |Furnace System and Manufacturer
(dd/mml/yyyy) |Furnaces

1 |Gotha 10/12/1878 2 1. Friedrich Siemens, Dresden

2. Richard Schneider, Dresden
2 |Heidelberg 22/12/1891 1 Klingenstierna (Gebr. Beck), Offenbach
3 |Hamburg 19/11/1892 2 Richard Schneider, Dresden
4 |Jena 14/02/1898 2 Klingenstierna (Gebr. Beck), Offenbach
5 |Offenbach a.M. 07/12/1899 1 Klingenstierna (Gebr. Beck), Offenbach
6 |Mannheim 20/02/1901 1 Richard Schneider, Dresden
7 |Eisenach 20/01/1902 1 Richard Schneider, Dresden
8 |Mainz 03/05/1903 2 Klingenstierna (Gebr. Beck), Offenbach
9 |Karlsruhe 25/04/1904 1 Richard Schneider, Dresden
10 |Heilbronn 26/06/1905 1 Klingenstierna (Gebr. Beck), Offenbach
11{Ulm 01/01/1906 2 1. Klingenstierna-Beck, Offenbach

2. Gebriider Beck, Offenbach
12 |Chemnitz 15/12/1906 2 1. Richard Schneider, Dresden

2. Gebriider Beck, Offenbach
13|Bremen 24/02/1907 2 1. Klingenstierna-Beck, Offenbach

2. Alfred Schmidt, Bremen
14 |Stuttgart 06/04/1907 2 1. Klingenstierna-Beck, Offenbach

2. Wilhelm Ruppmann, Stuttgart
15|Coburg 12/11/1907 2 Gebriider Beck, Offenbach
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# |Location Start-up Date| # of |Furnace System and Manufacturer
(dd/mm/yyyy) |Furnaces
16 |Pdssneck 16/10/1908 1 Gebruder Beck, Offenbach
17|Zittau 01/04/1909 1 R. Schneider, Techn. Ofenbaubiiro, Berlin
18|Baden-Baden 25/10/1909 1 Gebruder Beck, Offenbach
19|Zwickau 01/11/1909 2 Gebruder Beck, Offenbach
20|Leipzig 01/01/1910 3 R. Schneider, Stettiner Schamottefabrik
21|Libeck 15/05/1910 2 Gebruder Beck, Offenbach
22 |Dessau 18/05/1910 2 1. Toisul & Fradet, Paris
2. Gebrider Beck, Offenbach
23 |Gera 12/06/1910 2 Gebruder Beck, Offenbach
24 |Reutlingen 01/01/1911 1 Wilhelm Ruppmann, Stuttgart
25 |Dresden 22/05/1911 3 2 x R. Schneider, Stettiner Schamottefab-
rik; 1 x J.A. Topf & Séhne, Erfurt
26 |G0Oppingen 08/10/1911 1 Wilhelm Ruppmann, Stuttgart
27|Meiningen 08/10/1911 1 Gebruder Beck, Offenbach
28 |Weimar 14/12/1911 2 1. R. Schneider, Stettiner Schamottefabrik;
2. J.A. Topf & Sohne, Erfurt
29|Sonneberg i.Th. 20/12/1911 1 Gebriider Beck, Offenbach
30|Hagen i.W. 16/09/1912 2 1. Custodis, Dusseldorf
2. Kori, Berlin
31 |Frankfurt a.M. 12/10/1912 2 R. Schneider, Stettiner Schamottefabrik
32|Berlin, Gerichtsstr.| 28/11/1912 3 R. Schneider, Stettiner Schamottefabrik
33|Munich 28/11/1912 2 R. Schneider, Techn. Ofenbaubiiro, Berlin
34 |Wiesbaden 19/12/1912 2 R. Schneider, Stettiner Schamottefabrik
35|Nuremberg 15/05/1913 2 Wilhelm Ruppmann, Stuttgart
36 |Berlin-Treptow 23/06/1913 2 Gebrider Beck, Offenbach
37 |Tilsit 09/09/1913 1 R. Schneider, Stettiner Schamottefabrik
38|Esslingen 01/10/1913 1 Wilhelm Ruppmann, Stuttgart
39 |Greifswald 26/10/1913 1 Gebriider Beck, Offenbach
40 |Gorlitz 28/11/1913 1 R. Schneider, Stettiner Schamottefabrik
41 |Freiburg i. Br. 15/04/1914 1 J.A. Topf & Séhne, Erfurt
42 |Darmstadt 10/10/1914 1 Gebruder Beck, Offenbach
43 |Danzig 15/10/1914 2 R. Schneider, Stettiner Schamottefabrik
44|Augsburg 25/05/1915 1 Gebrider Beck, Offenbach
45 |Braunschweig 01/07/1915 2 R. Schneider, Stettiner Schamottefabrik
46 |Hirschberg i.Schl.| 22/08/1915 1 J.A. Topf & Sohne, Erfurt
47 |Krefeld 04/10/1915 1 R. Schneider, Stettiner Schamottefabrik
48|Halle a.d.S. 23/12/1915 2 J.A. Topf & Sohne, Erfurt
49 Kiel 14/02/1916 1 Gebruder Beck, Offenbach
50 |Friedberg/Hess. 15/03/1917 1 Gebruder Beck, Offenbach
51|Pforzheim 02/08/1917 1 Wilhelm Ruppmann, Stuttgart
52 |Plaueni.V. 01/02/1918 1 R. Schneider, Stettiner Schamottefabrik
53 |Konigsberg/Pr. 05/12/1918 2 Wilhelm Ruppmann, Stuttgart
54 |Konstanz 15/05/1920 1 Gebruder Beck, Offenbach
55 |Rudolstadt/Th. 15/06/1921 1 R. Schneider, Stettiner Schamottefabrik
56 |Berlin-Wilmersd. | 11/05/1922 2 R. Schneider, Stettiner Schamottefabrik
57 |llmenau 22/10/1922 1 J.A. Topf & S6hne, Erfurt
58 |Hanover 24/02/1923 2 J.A. Topf & S6hne, Erfurt
59 |Erfurt 04/04/1923 2 J.A. Topf & S6hne, Erfurt
60|Suhl 11/08/1923 1 J.A. Topf & Séhne, Erfurt
61|Magdeburg 22/11/1923 2 J.A. Topf & S6hne, Erfurt
62 |Griinberg/Schl. 05/01/1924 1 J.A. Topf & S6hne, Erfurt
63 |Dortmund 24/05/1924 2 J.A. Topf & Séhne, Erfurt
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# |Location Start-up Date| # of |Furnace System and Manufacturer
(dd/mml/yyyy) |Furnaces

64 |Arnstadt i.Th. 1/10/1924 1 J.A. Topf & Sohne, Erfurt

65 |Guben 19/11/1924 1 J.A. Topf & Sohne, Erfurt

66 |Selb i.B. 7/02/1925 1 J.A. Topf & Sohne, Erfurt

67 |Bernburg 17/02/1925 1 J.A. Topf & Sohne, Erfurt

68 |Stettin 17/02/1925 2 1. R. Schneider, Stettiner Schamottefabrik;
2. idem (improved device)

69 |Apolda 16/04/1925 1 J.A. Topf & Sohne, Erfurt

70 Wilhelmshaven 11/02/1926 1 J.A. Topf & Sohne, Erfurt

71|Breslau 12/04/1926 1 Gebrider Beck, Offenbach

72 |Kassel 21/05/1926 1 J.A. Topf & Sohne, Erfurt

73|Hochst a.M. 01/06/1926 1 J.A. Topf & Sohne, Erfurt

74 |Liegnitz 08/07/1926 1 J.A. Topf & Sohne, Erfurt

75|Giellen 07/08/1926 1 J.A. Topf & Sohne, Erfurt

76 |Brandenburg (I1.) | 17/10/1926 1 J.A. Topf & Sohne, Erfurt

77 |Weissenfels a.S. 07/02/1927 1 Kori, Berlin

78 |Tuttlingen 14/08/1927 1 Wilhelm Ruppmann, Stuttgart

79 |Eisfeld 29/09/1927 1 J.A. Topf & Sohne, Erfurt

80|Ludwigsburg 22/10/1927 1 Wilhelm Ruppmann, Stuttgart

81 |Hildburghausen 27/10/1927 1 Gebriider Beck, Offenbach

82 |Freiberg i.S. 02/03/1928 1 Gebriider Beck, Offenbach

83 |Quedlinburg 10/03/1928 1 J.A. Topf & Sohne, Erfurt

The number of furnaces indicated corresponds to those actually existing in 1928. In certain crematoria, the old fur-
naces had been demolished and replaced with new devices. The last column of the list quoted contains furnaces
which were subsequently demolished.

By the end of 1928, the number of German crematoria had risen to 88, because
between March 10th and December 31st five more crematoria were built: at
Rostock, Schwenningen, Langensalza, Nordhausen and Saalfeld. Another 34
crematoria were set up between 1929 and 1939. The following table lists them
by number, by location and by year of construction:

# |Location Year | # |Location Year
89 | Bielefeld 1929 | 106 | Lindau 1931
90 | Wetzlar 1929 | 107 | Cuxhaven 1931
91 |Hof 1929 | 108 | Duisburg-H. 1932
92 | Miihlhausen 1929 | 109 | Landau 1932
93 | Altenburg 1929 | 110 | Furstenberg 1934
94 | Forst 1930 | 111 | Naumburg 1934
95 | Reichenbach 1930 | 112 | Lauscha 1934
96 | Hanau 1930 | 113 | Celle 1935
97 | Potsdam 1930 | 114 |Essen 1935
98 | Bremerhaven 1930 | 115 | Disseldorf 1936
99 | Saarbricken 1930 | 116 | Cologne 1937
100 | Sondershausen | 1930 | 117 | Osnabriick 1937
101 | Eisleben 1930 | 118 | Schneidemiihl 1937
102 | Kolberg 1930 | 119 | Dobeln 1938
103 | Frankfurt a.O. 1930 | 120 |Flensburg 1938
104 | Schwerin 1930 | 121 | Gleiwitz 1938
105 | Meissen 1931 | 122 | Lahr 1939

Sources: “Die Feuerhallen...” 1939, p. 7; “Eindscherungen...” 1940, pp. 20, 29
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In the Sudeten Territory there were four crematoria: at Reichenberg (1918),
Brix (1924), Aussig (1932), and Karlsbad (1933); Austria had five crematoria:
in Vienna (1923), at Steyr (1927), at Linz (1929), at Salzburg (1931), and at
Graz (1932). Thus there were altogether 131 crematoria in Grossdeutschland in
1939.

Because initially the practice of cremation was a novelty, often repressed by
the dominant cultural factors and because consequently there existed only few
crematoria, the annual number of cremations remained very low for a long time,
beginning to grow consistently only after the end of the First World War: It
stayed below 100 until 1886, below 1,000 until 1902, and below 10,000 until
1912. In 1918 there were 15,878 cremations, and in the years thereafter the fig-
ure grew rapidly, exceeding 100,000 in 1939. The following table shows the
number of cremations in Germany year by year:

Year | Cremas | Cremations | Year | Cremas | Cremations
1878 1 1 1893 3 256
1879 1 17 1894 3 267
1880 1 16 1895 3 263
1881 1 33 1896 3 312
1882 1 33 1897 3 374
1883 1 46 1898 4 423
1884 1 69 1899 5 511
1885 1 76 1900 5 639
1886 1 95 1901 6 692
1887 1 110 1902 7 861
1888 1 95 1903 8 1.075
1889 1 128 1904 9 1.381
1890 1 111 1905 10 1.769
1891 2 165 1906 12 2.052
1892 3 221 1907 15 2.980
1908 16 4,049 1924 63 33,477
1909 19 4773 1925 68 36,110
1910 23 6,094 1926 75 40,040
1911 29 7,551 1927 81 45,758
1912 34 8,858 1928 88 47,783
1913 40 10,215 1929 93 56,060
1914 43 11,140 1930 104 53,203
1915 48 10,640 1931 107 58,259
1916 49 11,448 1932 109 60,266
1917 51 13,952 1933 109 63,674
1918 52 15,878 1934 112 62,262
1919 53 15,895 1935 114 70,062
1920 54 16,855 1936 115 76,624
1921 54 19,350 1937 118 80,407
1922 56 26,928 1938 130 84,634
1923 60 33,475 1939 131 102,022

Sources: Weinisch 1929, p. 33; “Die deutschen Krematorien...” 1940, p.
13; “Tabelle...” 1944, p. 17.
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The list contains the data for Austria and for the Sudeten Territory from the time
they became part of Greater Germany.

Between 1878 and 1939 altogether 1,201,823 corpses were cremated in
Germany.

In 1939 the number of deaths in Germany was 1,007,122, that of corpses in-
cinerated was 102,022, hence some 10 percent.”® This percentage of bodies
cremated grew steadily from the beginning of the century, in line with the in-
creasing presence of crematoria and their increasing acceptance: in 1900 it was
0,5%, in 1910, 0.6%, in 1920, 1.8%, in 1930, 7.4%, in 1935, 9%, in 1936, 9.5%,
in 1937, 9.9% and in 1938, 10.5% (Helbig 1940, p. 29).

In 1940, there were 108,630 cremations (=10.3%), in 1941, 107,103
(=10.75%), and in 1942, 114,184 (=11.5%).7

9.2. Statistics of Other Countries

As already mentioned in Chapter 3, 19 crematories were constructed in the
United States between 1876 and 1895, but the number of cremations remained
rather low, as may be seen from the following table (Probst 1895, p. 181):

City Inauguration Tota_l Gender
Year Cremations | Male | Female
Washington, D.C. 1876 38 29 9
Lancaster, Pa. 1884 89 67 22
Fresh Pond, New York 1885 1,554 1,084 470
Buffalo, N.Y. 1885 250 166 84
Pittsburgh, Pa. 1886 100 63 37
Cincinnati, Ohio 1887 314 214 100
Detroit, Mich. 1887 183 111 72
Los Angeles, Cal. 1887 182 119 63
St. Louis, Mo. 1888 437 300 137
Philadelphia, Pa. 1888 399 264 135
Baltimore, Md. 1889 84 57 27
Swinburne Is., N.Y. 1889 109 ? ?
Troy, N.Y. 1890 56 37 19
Waterville, N.Y. 1891 5 1 4
Davenport, lowa 1891 36 27 9
San Francisco, Cal. 1893 200 112 88
Chicago, . 1893 87 54 33
Boston, Mass. 1893 118 59 59
San Francisco, Cal. 1895 28 18 10
Total 4,269

8,594 cremations were performed in the U.S. during the five years spanning
from 1896 to 1900.”* The Fresh Pond Crematory on Long Island began its oper-

" Die Feuerbestattung, Vol. 16, 1944, p. 17.

. Cobb 1901, pp. 117f. The author presents detailed statistical tables on cremations in the U.S. and UK,
in Italy, Denmark, France, Germany, Sweden and Switzerland sorted by the crematory location and
year (pp. 117-121).
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ation on December 4, 1885; up to March 1892, 745 cremations were carried out
there, of which 373 were of people born in Germany and 240 were born in the
United States; the remainder were mostly born in European countries (England,
Austria, Switzerland, France, Ireland, Italy, Hungary, Denmark, Scotland, Bel-
gium, Holland; A. Cobb 1892, pp. 146f.). In 1928, 109 crematories existed in
the U.S., and the number of cremations exceeded 300,000 (Ichok 1931, p. 683):

Period Cremas | Cremations | Period Cremas | Cremations
1876-1884 2 28 [1904-1908 37 24,356
1885-1888 9 395 [1909-1913 51 38,963
1889-1893 15 2,257 [1914-1918 77 65,571
1894-1898 22 5,937 [1919-1923 87 72,647
1899-1903 28 13,784 |1924-1928 109 101,467

Total 325,405

The first British crematory was built in 1885. By the end of 1909 some 8,000
cremations had been performed as follows:"?

. . . Cremations
City first cremation Until 1909
Woking 1885 3,220
Manchester 1892 1,348
Glasgow 1895 323
Liverpool 1896 464
Hull 1901 181
Darlington 1901 51
London-Golders Green 1902 2,808
Leicester 1902 87
Birmingham 1903 148
Leeds 1905 90
Ilford 1905 93
Bradford 1905 47
Sheffield 1905 61

Total 8,121

The following table shows the record of British crematories and cremations up
to 1930 (Ichok 1931, p. 678):

Year | Crematories | Cremations | Year | Crematories | Cremations
1885 1 3 1910 13 840
1890 1 54 1915 14 1,410
1895 3 209 1920 14 1,796
1900 4 444 1925 16 2,701
1905 13 604 1930 21 4,533
Total 12,594

2 Rolants 1910, p. 1123; accurate statistics can be found in: Thompson 1889a, pp. 713-715; “Crema-
tion...” 1909, pp. 349-351; “Progress...” 1910, pp. 579-581; “The progress...” 1914, pp. 926-928;
The 1905 article “Cremation in Great Britain” gives the number of cremations performed in the first
nine crematoria listed here for 1903 and 1904, as well as the total (4,407).
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In France the crematory of Pére-Lachaise performed a little less than 5,500
cremations during the first 21 years of its operation, omitting hospital remains
and embryos (Rolants 1910, p. 1121):

Year |Cremations | Year |Cremations | Year |Cremations
1889 49 1896 200 1903 307
1890 121 1897 210 1904 354
1891 134 1898 231 1905 341
1892 159 1899 243 1906 362
1893 189 1900 297 1907 451
1894 216 1901 306 1908 403
1895 187 1902 299 1909 394
Total 5,453

In 1930 Denmark had five crematories, in which 15,005 cremations were per-
formed between 1893 and 1930 (Ichok 1931, p. 682). In the Netherlands 3,852
cremations were performed between 1914 and 1930 (ibid., p. 684); in Italy
17,503 between 1876 and 1930 (ibid., p. 685); in Norway 9,424 between 1920
and 1930 (ibid., p. 686). In Russia the first crematory was inaugurated in Mos-
cow on 7 October 1927; it cremated 225 corpses until the end of that year, 4,025
in 1928, and 5,208 in 1929 (ibid., p. 688).

In Switzerland 20 crematories existed in 1930; the total number of crema-
tions exceeded 34,000 (ibid.):

Year Crematory Cremations | Year Crematory Cremations
Furnaces Furnaces
1889 1 21 1924 17 3,297
1894 1 40 1925 18 3,549
1899 2 95 1926 19 3,670
1904 3 376 1927 19 4,228
1909 7 914 1928 19 4,528
1914 12 1,960 1929 20 5,029
1919 14 2,050 1930 20 4,885
Total 34,642

In 1930 Czechoslovakia had nine crematories with 32,311 total cremations
since 1918 (ibid., p. 689).

At the end of 1938, Germany counted 130 crematoria, England 47, Italy 37
(with 8 out of service), in Sweden and Switzerland there were 22 each, in Den-
mark 16, in Norway 10, in Czechoslovakia 9, in France 6, in Russia 2 and in
Belgium, Finland, Holland, Portugal and Rumania 1 each. Behind Germany, the
countries with the greatest numbers of cremations were England (16,312 crema-
tions =3.01% of all deaths), Switzerland (7,071 cremations or 14.55%), the Pro-
tectorate of Bohemia and Moravia (5,535 cremations or 6.04%), Sweden (4,434
cremations or 6.10%), Norway (2,262 cremations or 7.79%) and France (1,340
cremations or 0.20%; “Statistisches” 1939, p. 41).

Both for the number of crematoria and the number of cremations, the list
was topped by Japan. Cremation furnaces were introduced in 1871. One decade
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later some 9,000 corpses were cremated in Tokyo annually. The installations
were very rudimentary and permitted even collective cremations. The fuel was
largely kindling wood, and a cremation lasted from eight in the evening until six
in the morning (“La crémation au Japon” 1883, p. 94). In 1897 some 15,000
cremations were performed in Tokyo, which amounted to 40% of the deceased.
This percentage remained almost constant until the end of 1899. In 1900 the city
had seven crematories (“La crémation au Japon” 1900, pp. 380f.). By 1912 the
entire country had 36,723 cremation installations (Pallester 1912, p. 28). In sub-
sequent years this number remained almost unchanged, while the number of
cremations exceeded 600,000 corpses (Ichok 1931, p. 685):

Year Cremation Cremations | Year Cremation Cremations
Furnaces Furnaces
1918 | 35,522 572,159 1924 | 36,422 559,635
1919 | 36,495 527,273 1925 | 36,652 551,838
1920 | 36,803 605,206 1926 | 35,866 538,017
1921 | 36,782 553,852 1927 | 35,800 580,000
1922 | 36,285 546,069 1928 | 35,745 606,531
1923 | 36,697 587,143 1929 | 35,385 622,492

Total 6,850,215

10. Mass Cremation for Hygienic and Sanitary Purposes

In the following | use the term “mass cremation” in a broad sense, because a
proper cremation in the narrow sense of the word can only be carried out in a
cremation furnace.

In his 1932 book, Prof. Luigi Maccone devoted a very interesting and amply
documented chapter to this topic titled “Cremation in Times of Epidemics, of
Wars and Earthly Disasters (“La Cremazione in tempo di epidemie, di guerre e
di disastri tellurici”), which | can recommend to the italophone reader (Mac-
cone 1932, pp. 161-166).

Mass cremation on pyres for hygienic and sanitary reasons has been prac-
ticed frequently in historic times, mainly in Italy, for example after the Battle of
Formovo in 1495, and in Venice in 1509 and 1576 in connection with an epi-
demic of the Bubonic Plague, in 1627 in Apuglia after an earthquake, in 1630 at
Mantua, in 1656 at Naples, in 1743 at Reggio Calabria in connection with epi-
demics, and in 1764 in Dalmatia (Huber 1903, p. 4). Numerous other such ex-
amples were set forth by Hugo Erichsen in a specific chapter of one of his doc-
umented works on cremation (1887, Chapter III, “Cremation in Times of War”,
pp. 129-139).

In the 19th Century, after the Battle of Paris on March 30th, 1814, 4,000
corpses that had been exhumed and taken to Montfaucon were burned on 10
large grates made of steel bars placed on rocks (Frohlich 1872, p. 44). In all of
these cases, what was aimed for and what actually occurred was not a true and
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proper cremation, i.e. a reduction to ashes, but merely a carbonization of the
soft tissue of the corpses in order to remove them from a process of decomposi-
tion that would have been dangerous for public hygiene because of the large
number of corpses involved.

On September 1st, 1870, 390,000 men clashed at Sedan. The tens of thou-
sands of men killed were hastily buried in mass graves. This aroused the legiti-
mate fear of neighboring Belgium so much that in the following year, in order
to cope with a situation that worsened with the approaching spring warmth, a
“Committee for the Disinfection of the Battle Fields” was constituted in Brus-
sels under the presidency of Prince Orloff, the Russian Ambassador to Belgium.
Two members of this committee, the Military Surgeon Lante and the Chemist
Créteur, both Belgian, traveled to Sedan in early March. Having visited the bat-
tlefield, Créteur proposed to burn the bodies with tar and crude oil (petroleum)
in the graves in which they were lying. The proposal was accepted by the com-
mittee and implemented. The operations were started in the second half of
March of 1871; Créteur himself described them in the following way (Créteur
1915, p. 562; cf. Frohlich 1872, p. 101; Marmier 1876, pp. 33f.; Duroux 1878,
pp. 13f.):

“I had the earth removed from the burial mounds up to the first layer of corpses;

then I had them covered with a layer of chloride of lime in order to neutralize

the bad smell. [...]

On top of my layer of chloride of lime, | had tar poured; I then lit the whole

thing with petroleum oil. The ignited petroleum spread over the whole layer of

tar, which immediately ignited, attacking the flesh and melting the fat. The fatty

substances, by mixing with the tar, raised the temperature so as to reduce a

hundred corpses in less than an hour.”

After the combustion, the contents of the grave had shrunk to three quarters of
the original volume and there were only bones left, covered with a resinous lay-
er that isolated them from atmospheric agents. The amount of tar used depended
on the number of corpses to be burned. For a grave of some 250 to 300 corpses,
Créteur used 5 to 6 tons, for 30 to 40 corpses, 2 tons (Frohlich 1872, p. 102).
Créteur stated to have treated, between the 10th and the 20th of March 1871,
and with the aid of 27 men, 3,213 mass graves of soldiers and animal carcasses,
with at least three fourths having been dealt with in the manner described above.
The total consumption of tar amounted to 384 tons.

Other members of the committee, however, Dr. Lante in particular, raised
doubts concerning Créteur’s account, with respect to both the amount of tar
used for each grave and the number of graves treated, even going so far as to
question the results obtained.

In his account, Dr. Lante argued that a grave with 10 corpses required 2 tons
of tar and that, with the 384 tons of tar consumed, Créteur — in the face of his
own figures, some 2 to 5-6 tons per grave — could not, in any case, have treated
3,213 graves (ibid., p. 103). Even with respect to the actual results achieved,
Créteur’s claims turned out to be rather untenable. The contemporary author
Frohlich of the [German] Imperial General Staff noted (ibid., pp. 109f.):
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“One cannot claim, as the Chemist Créteur asserts to have demonstrated, that
the so-called combustion process has been satisfactory. The result of the proce-
dure was not, in fact, a combustion in the chemical sense, but only a carboniza-
tion; however, even this result — which in itself would have been sufficient from
hygienic a point of view — would not at all have been achieved to a degree nec-
essary to render the corpses innocuous. Actually, in the first place, the tar hy-
drocarbons certainly burned, before the soft parts of the corpses would have
caught fire.

Consequently, the oxygen in the air would have been spent to a point where, for

the carbonization, only a small quantity would have remained available; this,

moreover, would have produced a direct effect of carbonization only if the fleshy
parts of the corpses had already lost a large part of their water content. Thus,
only the more-superficial parts of the corpses would have been carbonized, but
the contents at the bottom [of the graves], to which the oxygen would not have
penetrated (and that should apply to the mass graves in particular), were not in-
volved in the process, or were involved only in part, and the flesh of the lower
layers would, in the best of cases, have [merely] been roasted. ”
Another authoritative source, Dr. Wilhelm Roth, the author of a major treatise
on issues of military hygiene, also raised serious doubts as to the claimed results
of these mass incinerations, all the more so as they were done within graves,
basing himself upon the completely different findings of the Metz Commission.

In the Metz Area, between August 14th and October 27th, 1870, two armies
of some 500,000 men fought a number of battles. In the Gozze Sector alone,
14,000 men died as a result of the battle of August 16th, and there were some
30,000 fatalities in the whole campaign. The decomposing bodies poisoned the
air and polluted the groundwater. On February 16th, 1871, a commission was
set up to carry out disinfection work. It was headed by the Army Surgeon
D’Arrest, M.D., from the Supreme Command, and by Major Bode, M.D., the
state physician (ibid., pp. 46f.; Roth 1872, p. 549).

This commission undertook cremation experiments that were later described
in detail in a report by the two physicians mentioned. The experiments were
done only in rather small graves and, for reasons of piety, only on the carcasses
of horses. For that purpose, the commission chose those carcasses that could no
longer stay in the places where they had been found but whose transportation to
a more suitable site would have been especially difficult. The actual procedure
was as follows (Roth 1872, pp. 556f.):

“We thus unearthed the carcasses, which had only been interred in a cursory

way, using the measures mentioned in the description of the exhumations, but

with the difference that instead of chloride of lime we used the tar itself, which
was poured in the most copious manner possible on the exposed fleshy parts.

Then the tar-covered carcasses were removed from their original sites, general-

ly somewhat humid, and were placed on a kind of hearth made up of large and

thick stones. Here, they were covered from all sides with dry branches and
straw, abundantly doused with tar, then soaked with petroleum and finally set
alight. High flames rose immediately, generating thick columns of pitch-black
smoke all around, as well as a heat so intense that one would have thought that
the carcasses, surrounded as they were by fire on all sides, would very quickly
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have been carbonized. However, within a mere half hour the flames died down
to a level such that, in order to keep the fire from going out altogether, it had to
be continually revived by pouring on more tar and petroleum.

After about two hours, the heads, the necks and the legs of the animals were
strongly burned, but the large masses of flesh of the body were only roasted and
covered by a layer of pitch which no doubt prevented the heat from penetrating
further. For that reason we made a large number of deep cuts into the flesh, i.e.
into the muscles of the rear parts, the abdominal cavities were opened, the guts
which had become hardly warm taken out and replaced by dry branches and
straw; then the carcasses were again covered with tar and petroleum in the most
abundant and appropriate way possible, and ignited.

Again, there were enormous sooty flames and a tremendous heat, but again, af-
ter two hours, very little progress with the destruction. After five hours of work,
done on several carcasses simultaneously and repeated elsewhere, it was still
not possible to achieve a satisfactory result, i.e. the carbonization of the organic
masses; the only thing left to do was to place the fleshy parts still visible on a
kind of sled and bring them up onto the hill in order to bury them there well.”

It was therefore decided to abandon these attempts at disposing of the carcasses.
Summing up his experiments, Dr. Roth concluded (ibid., p. 557):
“Hence one may conclude that Créteur’s way of operation most probably results
only in a carbonization of the top layer of corpses, whereas inside there was on-
ly very little change, and whole corpses may even have remained intact inside
the graves.”
Still, Créteur had brought up the idea in a general way, and the problem of mass
burnings of corpses resulting from wars (in spite of the opposition of some mili-
tary physicians)’® and epidemics would henceforth be studied by specialists in
the field of combustion.

In 1875 Friedrich Kiichenmeister published the design of a mass cremation
device for the corpses of soldiers who had died on the battlefield, which he had
specifically ordered from Friedrich Siemens, the inventor of the first hot-air
cremation furnace.

We set forth below the text of the description of the project as well as the
accompanying drawing (Document 93; Klichenmeister 1875, pp. 82f.):

“Mr. Siemens says:

‘As shown in the drawing, the shaded portions A of the furnace are best realized

in brickwork of solid construction, if such material is available, especially in the

lower portion, because they contain the hearths and the whole structure rests
upon them. The excavated earth can be used for the packing B of the surround-
ing walls.

Above the hearths, inside the four surrounding walls, normal stones D are

placed up to the first shaded line, and the corpses, covered with more stones, are

placed upon them.

The space in front of the hearths must be filled with loose stones; by removing

one or more of them, the flow of air can be regulated quite well.

8 Schultz-Schultzenstein 1870, pp. 364-367; other military surgeons were enthusiastic supporters of
burning; cf. Lanyi April 1874, pp. 91-95; Dechambre July 1870, p. 465; September 1870, pp. 545f.
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The grates needed for the hearths have to be carried along; this can be done
easily, as they consist simply of ordinary iron bars of a certain length and repre-
sent only a rather small portion of the total weight for one furnace.
The whole structure can be built well within two days by a few qualified brick-
layers so that the furnace can go into operation on the third day.
The cremation process should be run in the following way: When the corpses
have been placed on the loose stones, which have been arranged in such a man-
ner as to leave much space between them, and have been covered with a layer of
such stones, the fire under the grate is lit. The combustion products, which es-
cape through the cracks, give up their heat to the stones D above the grate and
heat them gradually, over something like an hour, until they have become bright
red. The fire is reduced, and great amounts of atmospheric air are allowed to
enter through the hearths. This air, on contact with the [glowing] stones, heats
up to a high temperature and strikes the corpses which, by then, are somewhat
desiccated on the surface; this leads to a rather rapid combustion of all portions
which are subject to rotting.

It is obvious that the cremation in this furnace is not complete, as is the case in

the furnace described above;!™ but because the starting conditions are very dif-

ferent (the furnace must destroy in the simplest and quickest way all the fleshy
and muscular parts of the corpses which might rot and must eliminate any
source of harmful vapors etc.), the furnace corresponds perfectly well to the task
and will produce much better results than those obtained so far with cremations

on the battlefield. R.S.” 7
Even in its rudimentary simplicity, this device is in agreement with the princi-
ples of combustion technology. Although it is partly buried, it has true and
proper hearths with grates placed at a height such that air can enter and flow
through them without hindrance and the ashes can fall down without piling up
on the grate. By means of the rocks, the openings of the hearths can be gradual-
ly blocked and the combustion air controlled, albeit in an approximate manner.
The outside brick walls and the rocks on the hearths constitute a good reservoir
for storing the heat produced initially by the hearths and for releasing it later by
radiation and conduction. Temporary or mobile cremation devices were also
planned and built with a view to possible epidemics. The crematorium was in
fact considered “the only infallible germicide” (Beugless 1884, p. 143).

In November of 1901, during a meeting of the Chamber of Physicians of
Brandenburg Province, Dr. Weyl proposed to cremate the victims of a typhus
epidemic then raging in that area. He turned to Engineer Hans Kori who replied
with the following proposal (“Eingabe...” 1902):

" The hot-air Siemens furnace described in Chapter 3.
™ The initials “R.S.” are probably those of Richard Schneider, the Siemens engineer who designed the
furnace.
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“Berlin W., February 10th, 1902.
To Th. Weyl, M.D.
Charlottenburg-Berlin W.
Carmerstr. 5.

Dear Sir,

I have the honor to reply as follows to your esteemed query of the 8th of the cur-
rent month:
The construction of temporary or mobile furnaces in which corpses of persons
having died from the plague can be cremated safely and in a short time does not
present particular technical difficulties.
The cremation furnace having a retort [muffle] with a separate front firing
[Vorfeuerung], which I have built on the basis of several years’ experience in
the construction of cremation furnaces for slaughterhouses, hospitals etc., en-
sures a rapid cremation of the corpses and has the advantage of being easy to
use. If all the parts of a furnace are available, it can be set up within 36 hours
and then go into operation immediately. For the discharge of the combusted
gases etc. one can use any appropriate tall chimney; the best solution would, of
course, be a boiler plant.
The price of the completely erected furnace, without the connection to the chim-
ney, would be about 2,750 marks.
Remaining at your disposal for any more detailed information, I am yours
sincerely
H. Kori.”

The technological progress achieved in the last two decades of the 19th Century
had more and more inventors turn to the design of special furnaces to solve the
problems of mass cremations, and much space was devoted to these questions in
the specialized literature of that era. Let us look at the most-interesting projects
which were proposed. The first | want to quote at length stems from the Italian
engineer Pini (1885, pp. 155f.):

“MASS CREMATION FURNACE IN TIMES OF WAR.

Regarding a crematory destined to purify within a very short period of time the
multitude of casualties left on a battlefield, one can no longer maintain the usual
distinction between bed [muffle] and hearth; the two parts, instead, form a sin-
gle large entity that has been named a receptacle. This crematorium is made of
refractory brick and consists of only two parts, the receptacle and the chimney,
both square, which rise up vertically one next to the other with a connection be-
tween them. We will describe a crematorium that can handle a thousand corpses
in three days.

Both the receptacle and the chimney have a grate in their lower part. The recep-
tacle should be 1.5 m wide and 2 m high. The cross-section of the chimney is 75
cm, its height is 10 m above the juncture with the receptacle.

The vault covering the receptacle and reaching as far as the chimney links the
two parts and enters the chimney below the grate, on top of which there must
always be a considerable amount of coke in combustion. The vault must extend
over the whole receptacle without, however, covering it completely; rather, on
both sides of it, there must be two large openings for the introduction of the fuel
and of the corpses.
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The hearth in the chimney must have three doors: one, at the level of the grate,
for the removal of the coke residue when the cremation is over, another, above
it, for feeding the fuel into the hearth, and a third, below the grate, to allow air
to enter the hearth and the ashes of the coke to be removed.
The chimney must be built directly on the ground, but the receptacle must have
its base more than two meters further down, in such a way that the two openings
through which it is loaded are level with or slightly higher than the ground. This
facilitates greatly the introduction of whatever has to be loaded, the fuel and the
corpses. For that reason, if the land offers a favorable location, such as a slope,
one should make use of it; otherwise one has to make a sizable excavation for
the bottom at least two meters below ground.
We have said that the receptacle must have a grate in the lower part. The front
portion, i.e. the side away from the chimney, must be left free up to the level of
the grate such that the mouth of the receptacle is always open. The sidewalls,
over a certain height above and below the grate, have as many vertical slots as
there are horizontal slots in the grate; they are, so to speak, their continuations.
In this manner, by using suitable tools, it is possible at any time to free the grate
of any ash piling up and threatening to block it. At various levels the walls must
have vertical slots to allow an abundant supply of air to be fed.
To use the furnace, the fire is first lit in the chimney and then the fuel that has
been stacked on the grate of the receptacle is set on fire. A number of corpses
are loaded on the fire, mixed with broken coal and coke in such a way that they
form a layer on which more corpses are placed until some thirty corpses have
been introduced. The whole mass will catch fire. The first corpses to burn will
be those on the bottom. As they are being consumed, one uses the tools men-
tioned above to move the ashes down through the slots in the grate; they can
then be removed with an appropriate rake. The mass of corpses will thus sag,
leaving an empty space in the upper portion that must be continuously filled with
fresh corpses and more fuel. One can compute that thirty corpses will burn with-
in two hours and that more than a thousand can be cremated in three days.

The combustion products, after having been completely cleaned by passing

through the glowing hearth in the chimney, will mix in with the surrounding air

in a perfectly odorless and inoffensive way.

About 4,000 bricks are needed for the construction of such a furnace; together

with the necessary lime, they can be transported on a dozen carts.

If one wants to build a crematorium to incinerate 10,000 corpses in three days

without raising the height of the receptacle, the latter must be widened consid-

erably, to some 4 m, and the chimney to 2 meters.”
What we have here in practice is a large hearth on which alternating layers of
corpses and fuel are placed; the efficiency of the hearth must be assured by a
tall chimney with an after-burner for the combustion of the fumes. However, the
indicated throughput rate appears somewhat dubious.

As opposed to the above, which never went beyond the planning stage, the
device described below was actually built and operated, but only for the incin-
eration of animal carcasses (see Document 94; de Cristoforis 1890, pp. 125-
128):
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“FEIST APPARATUS.
Initially, this device was invented by Dr. Feist only for the purpose of a hygienic
destruction of carcasses of animals having died of contagious diseases, but one
can easily see that with proper modifications it can also be used to incinerate
human remains in case of a sudden high mortality, such as in wartime or during
an epidemic, when the number of victims or the lack of time or money do not al-
low a special crematorium to be built, and finally in all the cases which Captain
Rey had in mind when he invented his mobile crematorium.
We owe to the veterinarian Georg Feist the idea of rendering inoffensive the re-
mains of animals having died of contagious diseases; he was convinced of the
idea that any burial would only create a new source from which the disease
would spread into the zone where it was raging, thus ruining the economy of the
region at the same time. Feist’s ideas were soon picked up by his colleague, the
veterinarian Ziindel, and by the local authorities. The Strasburg authorities ap-
proved the construction of a special furnace in each of the larger regions struck
by the disease, i.e. at Johannes-Rohrbach and in the County of Saaralben.
The first Feist Furnace was set up on a hill only some 20 km south of the Village
of Rohrbach; it was fashioned after the principle used in limekilns. The prevail-
ing wind in the area is east-southeast; the mouth of the furnace faced in that di-
rection.
The vertical space for the carcasses is perfectly round at either end: itis 1.75 m
high and has a diameter of 1.60 m at the top and of 0.90 m at the bottom, at the
level of the second grate. At first, a little straw is introduced into this space, to-
gether with dry branches or wood shavings, then hard coal, up to a layer some
40-50 cm high. Then the carcass is loaded, and the gaps between it and the
walls as well as the space above are filled with more hard coal, and additional
straw and bundles of wood. Finally, all this is doused with 5-10 liters of petrole-
um. Then a funnel-shaped lid of sheet metal, 2 mm thick, is placed on top, and
the fire is lit in a suitable way at the level of the first grate, located some 65 cm
above the ground. Underneath the furnace, there is a sheet-metal box in which
the fluids flowing out because of the heat are absorbed by the ashes. The com-
plete combustion takes about 5 to 6 hours for small animals and 8 to 9 hours for
the larger ones, weighing 250 to 500 kg, i.e. as much as 4 to 8 corpses weighing
60 kg each. Over this period of time, by the way, the load is totally destroyed,
leaving only an ash residue of 1 to 2.5 kg.["®!
The attendant in charge of the cremation receives 20 francs per carcass, but he
has to provide all the fuel and thus retains about half of that sum. The consump-
tion is about 500 to 600 kg of coal, 5 to 10 liters of petroleum, and some 75 cen-
times’ worth of straw and wood bundles. ”
In 1908 the Mexican Government ordered a Richard Schneider mass-cremation
device from Germany. The unit was laid out for the concurrent cremation of
five corpses for a total throughput of 50 corpses daily (“Einfithrung...” 1908,
column 10).
The bloody encounters of the First World War presented the problem of the
disinfection of battlefields in all its urgency. Articles dealing with this question

6 The actual amount should rather be 10-15 kg. This is probably a typographical error.
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appeared in the German-language press as early as the end of 19147" and in the
French press a year later (Barrier/Salomon 1915, pp. 545-563). In October of
that year, the Berlin Cremation Society forwarded to the Ministry of War a let-
ter from the Topf Company concerning the cremation of soldiers who had died
in battle, but the request was turned down (“Feuerbestattung im...” 1914).

In an article published in March 1917, Adolf Marsch proposed a plan for a
collective cremation furnace for the mass cremation of the corpses of soldiers
killed on the battlefield. I quote the essential points of this article and show the
two drawings that illustrated the project (Documents 95 and 95a). Having stated
that it is considered a mass operation only if a unit is able to cremate at least
100 corpses or their remnants in 24 hours of continuous operation, the article
continues (Marsch 1917, cols. 45-48):

“So far neither a practical proposal nor any sketch showing a usable cremation
furnace for the mass cremation of the corpses of soldiers killed — be they fresh
or previously buried — has been published. The author has set himself the task of
resolving this question in an absolutely feasible manner.

Cremation furnaces used until now in civilized countries consist mainly of a hor-
izontal retort [muffle] into which the corpse is introduced and then consumed.
The time needed for this operation has been given as at least one hour, plus a
further half hour for the preparation of the subsequent load, so that in order to
achieve a minimum throughput of 100 corpses in 24 hours, it would be neces-
sary to set up a large number of furnaces one next to the other. One must also
consider the fact that, for a horizontal retort, the void space inside will fill up
with a large amount of gas, thus making it difficult to maintain the mixture of
primary and secondary combustion air at the proper ratio. Furthermore, the
carbon-monoxide gases are not completely converted to carbon dioxide, which
presents the inconvenience that part of the discharge gases leaving the chimney
consists of carbon monoxide, which is dangerous [even] at a great distance and
harmful to the environment from the point of view of hygiene.

If the layout is adequate, these drawbacks will not occur in a vertical retort of
cylindrical shape, sufficiently large to accept a great number of corpses.

For this purpose, a cylinder of 3 m internal diameter has been chosen, the
height of which enables it to be loaded with a pile of corpses in three layers of 3
corpses each, for a total of 9 corpses; they can thus be burned in a hygienically
satisfactory manner in a matter of an hour or an hour and a half. Automatic
measuring devices for the temperature and the gas composition placed in the
body of the furnace or in the flue duct allow the operation to be controlled at
any moment.

Such a furnace can be built from the foundations on up in a rather brief span of
time and will be long-lasting; in any case, if it is operated continuously day and
night, it will allow 3,000 corpses or their remnants to be burnt in one month
without fear of incidents. Experience has shown that the operation need be in-
terrupted only if and when certain parts highly exposed to the fire must be re-
placed. If several such furnaces are built together under one roof in a suitable
pattern, such interruptions become irrelevant. Abandoned factory sites, after

" “Feuerbestattung auf...” 1914; “Aus der... Pardubitz,” 1915; “Aus der... Zsolna,” 1915.
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proper reconstruction, can be used to advantage as a building site for the fur-

naces, provided that the chimney is intact and that there is a railway siding.

If this is not the case, it is advisable to build a new building, quite simple in view

of its temporary use, which does away with all the defects and disadvantages

one faces inevitably when rebuilding an existing one.

In principle, the operation is carried out in such a way that the corpses to be

burned, after having been released by the military authorities, are transferred to

the site wrapped in sailcloth with an addition of disinfectant — e.g., lime — and
placed in containers of certain maximum dimensions (190 - 60 - 45 cm). After
having been accepted by the personnel in charge, the introduction into the fur-
nace is carried out by the site management. The ashes of the corpses, which are
settling separately at the end of each cremation — without mixing them with the
ash stemming from the hearth — are properly collected and preserved in individ-
ual containers with exact indications as to their origin, to be disposed of later by
the military authorities. In this manner, it is possible to wait for the proper mo-
ment for them to be buried, either in their home country or on the battlefield, in

a common grave or simply spread directly on the ground.

There is no doubt that, if set up at the proper locations and in sufficient num-

bers, the equipment just described will constitute a solid barrier to the threat of

epidemics and will remove a fundamental obstacle to subsequent peaceful use of
the theater of the war.”
This project was based on a patent granted the same Adolf Marsch on Septem-
ber 30th, 1915, for a “Shaft furnace for the concurrent cremation of a larger
number of human corpses or animal carcasses.” The patent is accompanied by 5
figures (see Documents 96 and 96a).

The structure of the furnace is rather complicated. | will summarize only the
essential elements. The cremation chamber b, of cylindrical shape, is closed at
the top by two movable lids d attached to chains which allow them to be raised
until they are flush with the sidewalls of the desiccation antechamber g which,
in turn, can be closed by a closure-plate h; in its lower part, the cremation
chamber assumes a square cross-section and is terminated by the steel grate c, to
which it is connected by the inclined planes t.

Underneath the grate, there is an ash container n, below which is chamber k
with the protrusions | and m for better heat recovery. Via channel s, which can
be shut by means of a valve, this chamber is connected to the mouth of the gasi-
fier, which has at its base the hearth grate a; loading takes place through open-
ing c. The cremation chamber has four openings for the discharge channels of
the fumes i, which run down in the walls of the furnace into chamber k, which is
linked to the chimney via the flue-gas channel u. The desiccation antechamber g
also has four openings for the discharge-gas channels o that run below the
brickwork of the furnace and open into the channels i.

The furnace is laid out for a load f of 700 to 750 kg consisting of nine corps-
es arranged as shown in Figure 4 on a wooden grate.

It works in the following manner: after opening the closure plates, the load,
which is hanging from a chain running over a system of pulleys, is lowered into
the desiccation antechamber. The plates are then closed and the dampers d are
opened. The gases generated at low temperature which form at this time are
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sucked up by the draft of the chimney through the openings o. The load is then
lowered onto grate ¢, and the chain is disengaged and removed, and the open-
ings are closed. The combustion products of the hearth a strike the load from
below through the openings of the grate and the lateral slots r. A portion of the
combustion products enters the cremation chamber directly through channel p
and burns the gases generated at low temperature. Through the openings i the
fumes enter the vertical channels, which open into chamber k and leave it
through the flue duct u towards the chimney (Deutsches Reich 1921).

In the 1920s and 1930s, mass-cremation furnaces were improved further.
Professor Luigi Maccone describes a unit for the concurrent cremation of sever-
al corpses (1932, pp. 115f):

“The furnace is composed of several cremation beds [muffles] arranged side-
by-side in such a way that two adjacent beds are separated only by a joint parti-
tion. Each [muffle] is built exactly in the same way as ordinary furnaces; the
first bed including the furnace [hearth], which is attached to it, constitutes a
normal crematorium in every respect. The others, however, have only a much-
smaller furnace at their extremity, called an activating or ‘auxiliary’ furnace
because of the end it serves. The chimney rises next to the last of these activating
furnaces; internally it contains a cleaning and draft furnace [hearth for the post-
combustion of the fumes and for promotion of the draft] and is otherwise built
like one for ordinary furnaces.

A duct opening into the chimney runs below the crematorium and along the side
where the furnaces are located, a further, similar duct runs along the same side
above the crematorium and also opens into the chimney. The cleaning and draft
furnace is located between these two ducts. The connections between the latter
and the chimney are equipped with closures. The flue duct of the crematorium
bed will normally open into the lower channel, but the smoke of the first furnace
does not have to enter it right away: it can be made to take a longer way by hav-
ing it pass through the 2nd furnace and through the whole length of the 2nd
cremation chamber. It can be allowed to go out into the channel after having
followed this path, but it can also be diverted and made to flow through the 3rd
furnace and the 3rd cremation bed and so on until, in the end, it has passed
through all the incinerating chambers. One can see that this is possible because
the flue duct from the bed is split into two sections, the outlets of which are
equipped with valves, and, depending upon which of these is open, the smoke
will flow into the channel which leads directly to the chimney, or, moved along
by the auxiliary furnace, will enter a further chamber.

This having been said, 4 corpses in a mass furnace with 6 beds will burn as fol-
lows. At first the coke on the hearth of the chimney is lit, with the lower tube
closed and the upper open: the connections between the furnaces and the beds
are held shut, and those between the furnaces and the upper duct are opened.
The first 4 furnaces are lit, the smoke will flow to the chimney through the upper
duct, and the flames will not strike the beds and will not heat them. The outlets
from the first 3 furnaces into the lower duct are held closed, and the ones be-
tween the first 4 beds are held open. The connection between the 4th bed and the
lower duct is held open and, instead, the connection between the 4th and the 5th
bed is closed. When this is done, the corpses are introduced into the 4 beds: the
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connections between the first 4 furnaces and the respective beds are then
opened, as is the outlet of the lower duct; the connections between the furnaces
and the upper duct are cut [closed]. After that, cremation of the four corpses
takes place concurrently. The first corpse is in a position as if it were in a nor-
mal furnace, and its incineration does not take longer and is not more costly.
The smoke leaving the 1st chamber, which is full of heat and easily combustible
substances from the decomposition of the first corpse, does not become simply
lost by escaping through the chimney but goes into the 2nd furnace (or rather
the 1st auxiliary furnace), in which the combustibles catch fire, and then enters
the 2nd chamber to consume the corpse which is in it, by means of the heat of
said furnace. Flowing from there into the 2nd auxiliary furnace and enriched by
the products of the combustion which occurs there, the smoke then enters the
3rd chamber, strikes the 3rd corpse and consumes it. After that, it flows through
the 3rd auxiliary furnace, the smoke enters the 4th compartment and consumes
the 4th corpse. On leaving it, the smoke does not enter the 5th [muffle], which
does not contain a corpse, but is led via the lower channel to the chimney, from
which it leaves, clean, transparent, and odorless into the atmosphere, having
lost any combustibles by passing through the furnace [of the chimney].
It should be stated here that, if the 4 corpses had been incinerated in 4 ordinary
crematoria, there would have been a loss of heat and fuel via the chimney 4
times as high as in the mass crematorium. The latter thus presents a sizeable
economy in terms of fuel and service cost, and an even higher saving in con-
struction costs inasmuch as we have less material to be handled, fewer working
days and a single chimney. The cremation of the corpses must take place and
end simultaneously. If the incineration of one corpse proceeds more slowly than
that of the others — which can be observed through the peephole in the center of
the front door of the incinerating chamber — its fire is increased correspondingly
by the addition of fuel to the auxiliary furnace and by feeding in the air needed
for a good combustion.

Once all corpses have been cremated, the dampers are set so that the combus-

tion products can no longer enter the chambers but flow directly to the chimney

via the upper channel. Then the doors are opened, the ash containers removed
and the ashes transferred to the urns that have been held in readiness. ”
This furnace realizes Gorini’s idea of using the heat produced by one corpse to
burn another; as we shall see in Unit 11, this idea was taken up by the engineers
of Topf & Soéhne of Erfurt when they conceived their cremation furnaces with
three and eight muffles.

Adolf Marsch had instead gone back to an improved version of the Feist
Furnace, the original layout of which we have already explained. The new mod-
el (Document 97) has a funnel-shaped combustion chamber a ending in a dou-
ble grate G and H at the bottom. The upper part of the cylinder, through which
loading takes place, has a conical steel cover B with an inspection and loading
opening b and with rollers. The positioning of the cover is achieved by means of
a worm gear with crank W. During combustion, the cover is placed over the cyl-
inder. The forming gases rise upwards through channel K into the auxiliary
hearth D with its stepped grate and enter the chimney E in a completely burnt-
out state. The combustion air arrives at the double grate G and H through the air
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duct I with its opening M, which is placed in the direction of the wind prevailing
in the area.

The operation of the furnace is as follows: The auxiliary hearth D is it first,
then the main hearth G is loaded with wood and rags soaked in petroleum, and a
layer of coal about half a meter high. Then on grate H a small fire of straw and
rags is lit, which in turn lights the fire on the grate above. The incineration of a
large animal takes about 5 to 6 hours (Heepke 1905a, pp. 45-48).

Although the furnaces produced by the Hans Kori Co. were conceived spe-
cifically for the disposition of animal carcasses and slaughterhouse refuse, in
case of need they could have likewise been used for the mass cremation of
corpses. Document 98 shows the Kori standard furnace for the combustion of
animal carcasses and slaughterhouse refuse. The furnace consists of a combus-
tion chamber VR (Verbrennungsraum) with an inclined grate G1 and G2 and a
flat extension G3. The inclined portion G2 has eight pairs of parallel slots that
link the combustion chamber with the channel K below. At the end of the grate
G3 is the mouth of the hearth with the inclined grate F of the main hearth be-
low. The furnace is also equipped with a secondary hearth St and the respective
flue ducts.

The furnace operates in the following way: The carcass is loaded into the
combustion chamber through the loading shaft E and placed on the grate G
where it is struck by the flames from the hearth F; a portion of the combustion
products enters channel K and strikes the carcass from below through the slots
of grate G2. The combustion products enter into the vertical ducts Z1 and Z2
through two openings located under the vault of the combustion chamber on ei-
ther side of the loading shaft, leave from the outlet of channel K under the grate of
the combustion chamber and enter the smoke duct O; they pass over the second-
ary hearth St and reach the chimney in a completely burnt-out state (ibid., p. 40).

Among others, the furnace for the municipal slaughterhouse at Nijmegen
was erected along this principle. In 1902, a total of some 50,000 kg of offal
were burnt there with an average consumption of 0.375 kg of coal for 1 kg of
flesh and an average duration of 1 minute for 1 kg of flesh (ibid., pp. 40f.).

The furnace for the Liegnitz Slaughterhouse (Document 99) had a structure
similar to the one described above, except that below the final section f the grate
of the combustion chamber, it had an ash container a (ibid., p. 42).

The furnace for the Nuremberg Slaughterhouse — the first one of this type
built by Kori (1892) — had the feed opening in the vault of the combustion
chamber to allow the offal to be loaded directly from the operation room (ibid.).

Document 100 shows a furnace for combined operation, i.e. a furnace con-
nected to the flue duct of a boiler plant. The smoke from the latter enters the
furnace through channels K1 and Z, strikes the material which is on grate G3,
enters opening K3 and flows down into flue duct a, which is connected to the
chimney. The combustion as such is accomplished by the combustion products
coming from the hearth F, which strike the material on grate G2 either from be-
low through the slots in the grate or from above through the wide opening locat-
ed below the grate. The discharge gases enter opening K4 and flow down, like-
wise, into the flue duct a (ibid.).
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11. Notes on Present-Day Cremation Furnaces

Although Part One of this study is devoted to furnaces built before the Second
World War, our treatment of the subject would be incomplete without at least a
few remarks on today’s cremation furnaces, if only to show the enormous pro-
gress made by cremation technology since the end of the war. The furnaces of
the latest generation have, in fact, electronic controls, and although they are in
no way comparable with the old gasifier furnaces, this very fact shows the limits
that nature has placed on the process of cremation. Actually, even with these
highly advanced furnaces, the average duration of a cremation still stands at
around 60 minutes.

In this chapter, we will examine briefly five types of furnaces, two of which
represent improvements on models already in use in the 1930s and 1940s. Let
us start with these.

Document 101 shows the gas-fired furnace of the H.R. Heinicke Co. of
Stadthagen, which evolved from the Volckmann-Ludwig Furnace of the 1930s.
For a description of the elements making up the furnace see the document.

Heinicke built, among others, four furnaces of this type for the crematorium
at Hamburg-Ojendorf in 1964 and another four for the Hamburg-Ohlsdorf
crematorium in 1968.

Answering a specific request from the author on the operation of those fur-
naces, the cognizant authorities supplied the following information:

The duration of a cremation is between 50 and 70 minutes. The average gas
consumption for one cremation varies between 8 and 20 m3, depending on
whether the cremation takes place individually or as one of several cremations;
it is possible to use the furnace continuously, 24 hours a day, in three shifts of
eight hours. The coffin is introduced at a temperature of 700 to 750°C; the com-
bustion of the coffin causes the temperature in the muffle to rise by 100 to
150°C, the cremation temperature therefore is 800 to 900°C.”® According to the
supplier, heating the furnace from 20 to 800°C requires 500,000 kcal; one cre-
mation in a series requires 160,000 kcal” supplied mainly by the combustion of
the coffin.

The company’s technical brochure describes the furnace as follows (see also
the illustration in Document 101):

“The Heinicke Cremation Furnace is equipped with high-resistance refractory

brickwork and a particularly good insulation. Experience has shown that, after

the initial warming-up of the muffle, one can carry out one cremation after an-
other without additional supply of heat. Thanks to a forced supply of the com-
bustion air through coiled tubing and air nozzles with control valves, the air can
be fed to the muffle in keeping with the requirements of the course of the crema-
tion; this guarantees a cremation without smoke. On account of the particular
layout and shape of the channels for the combusted gases, the floor of the muffle
is heated also from below, as the combusted gases reach the smoke discharge

8 Freie und Hansestadt Hamburg. Umweltbehorde — Amt fiir Naturschutz und Landschaftspflege — Gar-
ten- und Friedhofsamt, letter to the author of May 5th, 1987.
 H.R. Heinicke Feuerungs- und Schornsteinbau, letter to the author of June 21st, 1988.
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axially. The muffle is separated from the post-combustion chamber by a closure,
and the efficiency can thus be increased: the final combustion takes place in the
post-combustion chamber; the muffle, once it has been emptied out, is ready for
the subsequent cremation. By briefly operating the post-combustion burner, the
scant remains of the cremation that may still be present on the grate and which
are difficult to burn, can be heated so intensively that they decompose rapidly.”

Starting from the 1930s model described in Chapter 5, Asea Brown Boveri Co.
has developed a number of electrically fired furnaces presently in operation,
i.a., at the crematoria of St. Gallen (1982), Albstadt-Ebingen (1979), Tuttlingen
(1982f.) and Ziirich, Nordheim Cemetery (1967).2° The operating principle of
the furnace is illustrated by Document 102. The structure of the furnace is
shown in Documents 103, 103a&b, whereas Documents 104a&b show a crema-
tion hall with two such Model RK1-S Furnaces.
The manufacturer describes the furnace in the following manner:8

“In the BBC Electric Cremation Furnace, cremation takes place exclusively in
hot air, i.e. the cremation process occurs in a closed chamber by means of the
heat stored in the brickwork, and takes 50-80 minutes, depending on the quality
of the coffin. Thanks to a well-designed and remotely controlled system of air
supply, the cremation can be guaranteed to be smokeless and odorless.

Before loading, the muffle of the furnace is heated to 600-700°C. The cremation
process as such is exothermic, i.e. the temperature of the muffle rises during the
first half to about 1,000°C due to the energy thus supplied, without any [other]
energy being added during the cremation. The amount of heat generated in this
phase covers not only the heat requirements of the process, but is also partly
stored in the brickwork of the vault as residual heat. This heat sustains the final
phase of the combustion and at the same time creates the operational conditions
for the subsequent cremation. Thus, in case of a series of cremations, further
heat supply is not needed. Only the ancillary equipment requires some 4-6 kWh
during the cremation. If 5-6 cremations take place during the day, heating dur-
ing the night is generally not necessary. If the intervals between operations are
rather long, heating should be carried out during the night (lower electricity
rates), and their duration can be controlled by means of a timer.

In the electric furnace, the coffin is introduced by means of the feeding device
and placed on the eight bars (grate), which support the coffin. The parts which
fall through these bars during the cremation drop onto the ash floor below.
Here, these parts are maintained in an incandescent state and burn completely
in the fresh air supplied along the ash floor (BBC patent).

Once the bars (grate) supporting the coffin are clear, the ashes that have
dropped down onto the ash floor are moved to the ash openings by means of a
tool; they burn out completely in a further stream of fresh air. The ash stays in
this covered area without mixing with the ashes of subsequent cremations.

The ash that is in front of the ash openings is then transferred to the flanged ash
container below, where it is rapidly cooled by a fresh-air draft. Operating the

8 On this subject exists an interesting album edited by Asea Brown Boveri with 29 photos.
8 BBC Brown Boveri, BBC-Elektro-Kremationsofen im Dienste der Feuerbestattung; company bro-
chure.
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invertable grate allows the ashes to fall into the ash receptacle placed under-

neath; they can then be moved to the ash preparation [area].

The post-combustion of the discharge gases takes place in the discharge-gas-

combustion section connected to the cremation chamber. For that purpose, the

discharge-gas channels can be heated (BBC patent) to ensure that the discharge
gases catch fire from the very start of the cremations. This post-combustion sec-
tion also conforms to the requirements of environmental-protection regulations.

Initially, the discharge-gas channels are heated to 800°C (legal requirement).

The combustion of the discharge gases is an exothermic process, as is the cre-

mation itself. During the cremation, the temperature at that point rises to

1,200°C without any supply of outside energy. The long dwell time (1.3 — 2.3

seconds) of the combusted gases in the hot zones, as well as the turbulence

caused by their repeated changes of direction over 360 degrees, establish the
prerequisites for an optimum burn-out of the discharge gases, as has been as-
certained by analyses of these gases.”
The Ferbeck & Vincent Type C411 Furnace (Document 105) comes as a single
unit that can be placed directly on the floor of the furnace hall.

The duration of the cremation is 60 to 75 minutes. The main burner has an
output of 300,000 kcal/hr, the secondary one 5,000 kcal/hr. The consumption
for the first cremation, including preheating, is 40 to 80 m3 of natural gas, or
320,000 to 640,000 kcal, 70 to 80% of which are needed for the preheating.

The structure of the Tabo Furnace is shown in Document 106. The duration
of a cremation is about 60 minutes; the average consumption is about 25 m3 of
natural gas.®?

Documents 107 and 107a show the Ener-Tek Il Furnace. According to the
manufacturer, the Industrial Equipment & Engineering Co., the heat require-
ments for a cremation within a series of 6-8 cremations per day are 400,000 to
500,000 BTU® (i.e. about 101,000 to 126,000 kcal) plus another 450,000 to
550,000 BTU (i.e. about 113,000 to 137,000 kcal) for the post-combustion. The
duration of the cremation is not indicated. The technical characteristics are simi-
lar to those set out above. The company guarantees moreover a particularly long
life for the refractories:

“The refractory and insulating materials used in the construction of Ener-Tek Il

are of the highest quality and will ensure many thousands of cremations before

any repair work on the bricks becomes necessary.”
The most-common furnace systems in Germany are of two types: the Etagen-
ofen (multi-story furnace, Document 108, drawing on the left, and 109) and the
Flachbettofen (flatbed furnace; Document 108, drawing on the right). Both have
a main combustion chamber, a chamber to complete the combustion (Ausbrenn-
raum), and a post-combustion chamber.

These devices are described as follows (Sircar 2002, pp. 14f.):

82 Letter from the Tabo Co. to the author of November 22nd, 1990.

8 BTU = British Thermal Unit = 0.252 kcal.

8 Industrial Equipment & Engineering Co., Features of the Ener-Tek II. The documentation regarding
this furnace is published in Leuchter 1988.
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“Each cremation chamber is equipped with a burner that is at times turned on
or off at adjustable, predefined temperatures. The loading and actual cremation
process takes place in the main combustion chamber (muffle). The combustion
chamber is used to completely mineralize the ashes. In order that the combus-
tion is as complete as possible, the combusted gases are passed at temperatures
above 850 °C through a post-combustion chamber. The shape of the main com-
bustion chamber exhibits some differences. Bridge-shaped coffin support stones
are the main feature of the multi-story furnaces. Beneath them are two or more
heat-resistant turntables. The space between the turntables is the area for com-
pleting the combustion. During the cremation the developing ashes fall onto the
upper turntable. After the end of the process, this turntable is turned so that the
ashes fall onto the lower turntable. The operation of the turntables and possibly
other ash grates occurs at certain intervals. In this way, the ashes are brought
gradually to the ash-extraction area. The dwell time of the ashes in the area of
complete combustion and the cooling process depend on the number of turnta-
bles of the respective system and on the time schedule of the technical operation.
With an appropriate choice of these parameters, one gets both a good combus-
tion and a uniform cooling of the ashes.
This is especially important in relation to the quality of ash (clumping con-
sistency of the ashes in case of sudden cooling, elimination of odors). Due to the
zone design of the multi-story furnaces, a new charge can be loaded into the
main combustion chamber, after the upper turntable has been turned. The man-
ual and/or automatic operation of the turntables ensures that the ash remains do
not mix.
Flatbed furnaces are characterized by a single area as a supporting surface for
the coffin. The ash residues in the muffle are brought into the area for complet-
ing the combustion by means of vanes. Similar to the multi-story furnace, the
chamber to complete the combustion is delimited by two turntables enclosing the
areas. One advantage of the flatbed furnaces is probably that they need relative-
ly little space.”
The Ruppmann Furnace (Document 109) is a typical Etagenofen. The furnace
damper (Ofenschieber; 1) is topped by a fume hood (Schwadenabsaugung, 8)
coming out of the opening of the damper. The muffle (Hauptbrennraum, 2) is
equipped with a gas burner (B1) and at the bottom delimited by three coffin
support stones (Sargbrtickensteine, S) and is closed by the first turntable (Dreh-
platte, D1). Below it is located the second turntable (D2) and further below the
third (D3). The three turntables delimit two chambers, of which the upper is the
chamber to complete the combustion of the ashes (Ascheausbrennkammer, 3),
which is equipped with an auxiliary burner (B2), and the lower is the ash-
cooling chamber (Ascheabkihlkammer, 4). At the bottom the ashes are extract-
ed (Ascheentnahme, 5). The gases developing in the muffle and in the complete
combustion chamber are led into a post-combustion chamber for the fumes
(Rauchgasnachbrennkammer, 6) equipped with an afterburner (B3). The com-
bustion air is channeled into the muffle at various spots by means of a blower
(G).
Here is the operation description of a Ruppmann Furnace at the Dresden
Crematorium (Schetter/Burk 20086, p. 5):
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“The coffin is placed in the main combustion chamber on a specially designed
support grate by means of an automatic introduction machine. After closing the
furnace door, the cremation as such takes place in the main combustion cham-
ber. There the combustion process occurs by means of heat transfer between the
combustion chamber walls and the coffin, and by a defined supply of primary
combustion air. If necessary, the cremation process is supported by the main gas
burner. The design of the furnace chamber in connection with the coffin’s grate
support produces an intense mixture of the combustible gases with the combus-
tion air due to the formation of vortices. The unprocessed gases coming out of
the main combustion chamber pass into a post-combustion chamber where they
are burned completely by means of additional, secondary air. The required af-
terburner temperature is maintained by another gas burner. After about an
hour, the remaining ashes are moved to the lower ash-combustion chamber
where they are heat-treated. After another hour, the heat-treated ashes are
brought to a cooling grate and then to the ash container.”

At the end of 1998 there were 113 crematoria in Germany with altogether 211
furnaces, 90% of which were heated with gas, 8% with electricity, and 2% with
naphtha. The average duration of a cremation was 60-70 minutes (Sircar 2002,
pp. 10, 15, 24).
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Unit I1: J.A. Topf & S6hne

and the Cremation Furnaces of Auschwitz and Birkenau
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1. Historical Notes on the Topf & S6hne Company

The most-detailed account of the origins and development of the Topf Company
can be found in the already-mentioned book Industrie und Holocaust by Anne-
gret Schiile, especially in its Chapter I, which covers the period from 1878 to
1930.

The Topf Company was founded in 1878 by Johann Andreas Topf (1816-
1891), a master brewer who also worked on improving industrial incinerators.
In 1884, his son Max Julius Ernst (1859-1914) joined the company, and the fol-
lowing year also his other son Wilhelm Louis, called Ludwig (1863-1914), so
that on April 1, 1885 the company was renamed J.A. Topf & Sons. In the fol-
lowing years, the other two brothers joined the company: Albert (1857-1893) in
1886 and Gustav (1853-1896) in 1888. Ludwig remained the sole owner until
his death by suicide on February 15, 1914. By a tragic irony of fate, his son,
who bore the same name, also took his own life on May 31, 1945. Ludwig, the
father, was a proponent of cremation, which was still in its infancy in Germany
at the time. Consequently, he had himself cremated after his death. The ceremo-
ny took place on February 18, 1914, at the Gotha Crematorium. His two sons,
Viktor Karl Ludwig (1903-1945) and Ernst Wolfgang (1904-1979), were still
children at this time and did not take over the business until the 1930s: Ernst
Wolfgang in 1929, followed by Ludwig in 1931. On December 30, 1935, the
two brothers reorganized the company into a limited partnership.

At the beginning of the 1920s, Topf was known not only in Germany but al-
so abroad. At that time, the company consisted of two main departments, one
responsible for the design and construction of steam-boiler plants and the other
for complete malting plants. The company’s activities also extended to various
firing equipment, such as mechanical firing apparatus (grate feeders), preheaters
for the utilization of exhaust-gas heat, forced-draft devices, chimney construc-
tions, industrial furnaces of all kinds, and cremation furnaces. Topf was very
successful with its high-performance furnace with pre-gasification shaft for the
economical combustion of lignite.

In the two decades that followed, Topf developed enormously and exported
its products all over the world until the eve of the Second World War.

From 1878 to 1934, the Furnace Construction Department built about 30,000
furnaces, including about 25,000 of its own designs, for which it manufactured
various types of grate bars, grates and spare parts.%

Between 1924 and September 1937, Topf had delivered or had been con-
tracted in 3,710 cases to deliver items relating to 22 different types of malting
equipment and storage facilities to Germany and abroad, including 39 silo gas-
sing systems, about 700 barley, green-malt and malt worm conveyors and 375
barley, green-malt and malt elevators.5®

&  Company flyer of March 1934 with the headline “Topf-Roststabe”. SE, 5/411 A 195.
8  Company flyer of 1937 with the headline “Zahlen sprechen...”. SE, 5/411 A 191.



164 C. MATTOGNO. F. DEANA, THE CREMATION FURNACES OF AUSCHWITZ, PART 1

In the field of cremation, the Topf Company began its activities on the eve
of the First World War. In 1914, it built two furnaces with coke-fired gas gener-
ators at the Halle (Saale) Crematorium; another furnace of the same type was
inaugurated at the Freiburg Municipal Crematorium on April 15, 1914; and an-
other was installed at the Hirschberg Municipal Crematorium, which opened on
August 22, 1915. From the early 1920s, the company began its slow but inexo-
rable rise to become the market leader among German companies in this indus-
try over the next two decades. By 1934, 74 cremation furnaces had been built,
including three abroad (two in Moscow and one in Brussels). 29 coke-fired fur-
naces, 44 gas-fired furnaces and one electric furnace; four of the gas furnaces
had been converted from former coke-fired furnaces. Contributing to this suc-
cess was the fact that Topf soon achieved a very-advanced technological stand-
ard and manufactured high-quality equipment; it is credited with building Ger-
many’s first gas-fired cremation furnace in Dresden in 1927, as well as Germa-
ny’s first electric cremation furnace, which went into operation in Erfurt in
1933. In 1934, Topf patented a new type of gas-fired furnace, the “High-
performance furnace with tiltable grates D.R.P.”%" or “Topf Cremation Furnace
1934,” which was also capable of using electric heating.

Topf’s research activity is also evidenced by the numerous patents granted to
it, especially in the 1930s, some of which — such as the post-combustion grate
and tiltable grate — introduced important innovations in cremation technology.

At the beginning of the 1940s, the Topf Company had a very-complex struc-
ture. The twelve technical departments were divided into 99 sections, but these
twelve departments occupied only numbers 74-85 of the company’s total of 89
departments.®

The Topf engineers of interest in the context of the present study were:

— Kurt Prifer, born in 1891, with the Topf Company from 1920, chief engi-
neer since December 2, 1935,% director of Subdepartment DIV, furnace
construction, crematoria, waste-incineration furnaces and recovery furnaces
for the recovery of metals.

— Karl Schultze, born in 1900 in Berlin, with the Topf Company from 1928,
chief engineer, director of Department B, which dealt with heating, ventila-
tion and fan construction.

— Fritz Sander, born in 1876 in Leipzig, with the Topf Company from 1910,
chief engineer, proxy of Department D, which in its four sub-departments
was engaged in boiler and furnace construction.

During the investigation of the criminal case brought against Prifer by the So-
viets, which will be discussed below, he personally drew a chart of the Topf
Company’s organizational structure, which he explained in a brief explanatory

87 Deutsches Reichspatentamt Patentschrift, Patent description filed with the German Imperial Patent
Office.

8 SE, 5/411 A 163, J.A. Topf & S6hne, Organisation der Unternehmung. Katalog der Sonderakten.
See Documents 131f.

8 Prifer was informed of the appointment in a letter dated December 2, 1935, marked “ET” (Ernst
Topf). APMO, BW 30/46, p. 2.
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note (see Illustration 1). Ac-
cording to this chart, the com-
pany was hierarchically struc-
tured as follows:*°

— Ernst Wolfgang and Lud-
wig Topf, proprietors of
the company

— administration office

— general planning, under
the direction of Heinrich
Mersch, and operations
management, with Gustav
Braun as head

— project preparation and
standards office

— accounting, preliminary
and final cost calculation,
purchases and assembly
office

— Department D — proxies:
Fritz Sander and Paul
Erdmann, with Subde-
partments B (headed by
Karl Schultz[e]), DI, DII,
DIll, DIV (headed by Kurt
Prifer)

165

] : > r——m =
= RV S s wdatimag Luownl m’
v -

. 1A Tonny e AToa;
1 & v-ﬁufn [.5»_{
S (T, TR ‘wf{rdo‘nﬂf &gl "";’M e
ok ‘r.ww'\ﬂfp-d-b b kfa rln relz.m bl
Neran Mersch ‘! e 7, R\ e
R B o 5
L { i
[fetact nJum L \
: [l mete] '?‘4_,-.1 e
e P R e ~ Aan S Sngiaan I et
Syt ) o
4 l'{-_ L T ‘___-vx-_r |
S .
3 T L Py S ufapetoire | |
{ ).,w}'.zﬂ:?' 4»92-&’&:%! H(m wrfe | tﬁ,’,mye
o e — e et

lllustration 1: Organizational chart of the Topf Com-
pany drawn by Kurt Prifer while in Soviet captivity

— Department E — proxies: Hermann and Kurt Schmidt, with Subdepartments

A, C, EL ElI, EllI, EIV

— locksmith shop, lathe shop, furnace shop, welding shop, carpentry shop

— materials warehouse, motor pool and garage, shipping
Prifer’s explanations of the company structure, which he set down during his
Soviet imprisonment, are to be found in Prufer’s criminal file compiled by the
Soviets as a typewritten transcript peppered with errors and lacking umlauts,
probably prepared by the Soviets on the basis of a handwritten text by Priifer. It

reads as follows:%!

“Mr. TOPF, Ludwig and Ernst-Wolfgang were the owners and bosses of the
company and managed it directly.
Both gentlemen were in charge of selecting the orders to be produced by the

company in the factory.

From here it was decided which orders should be accepted and which should be

rejected.

The directly subordinate secretariat, staffed by two ladies, passed on the instruc-
tions of Mr. TOPF to the individual departments, and it was here that the incom-

% FSBRF, N-19262, Criminal Case 1719, p. 159.

*Ibid.., pp. 160-162.
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ing and outgoing mail was handled and the personnel matters of the employees
were processed.

The General Plan Office examined the orders received, together with TOPF, on
acceptance or rejection and, if accepted, assigned a level of priority. It was also
here that the control tokens or bills were received and forwarded. This office
was the most important in the company and was headed by Mr. MERSCH.

The plant director, as head of the entire plant (with the exception of the tech-
nical offices), had to supervise the handling of orders within the factory, and
help determine which orders were urgent and which were unsuitable for the
plant and had to be rejected. In addition, it was from here that the work was dis-
tributed to the individual operating units, and the method of production was dis-
cussed and determined. Workers were also accepted [hired] and dismissed here.
In the project preparation office, the machine parts to be manufactured were
broken down into the individual operations, the costs for machining the parts
were determined, i.e. the piecework wages were set, the parts lists and the shop
drawings were checked and errors corrected, and it was checked which machine
parts in stock were to be used.

This office reported directly to the plant director (BRAUN).

The standards office checked all drawings and parts lists prepared for the work-
shop for ‘standard’ and correctness, and especially for the correctness of the
dimensions. This office was also under the direction of the plant director.

In the accounting department, all incoming and outgoing orders were entered
into the books, and invoices were prepared.

The pre- and post-calculation checked the cost estimates and, after processing
the individual machine parts, calculated the expenses and also the costs of man-
ufacturing the machines, in order to finally determine the total costs and conse-
quently the profit or loss.

This office was under the direction of Mr. TOPF.

In the assembly office, the assemblers for [the] individual construction sites
were dispatched, and the assembly wages were determined and settled, the trav-
el prices were prepared and the assembly duration was determined. In addition,
the hand tools for the construction sites were assembled and sent off. This office
was under the command of Director BRAUN.

The department head management (D) — headed by the directors and senior en-
gineers SANDER and ERDMANN — supervised the individual Departments B-
D;-D,-Ds-Dy, distributed the incoming mail handed over by Mr. TOPF, and
consequently assigned the technical office work, checked the drawings and fac-
tory parts lists for correctness, and supervised the outgoing mail.

Department (D) handled steam-boiler hearths, bricking-in of boilers, boilers,
aeration and deaeration systems, and furnaces of all designs, garbage and
waste-incineration furnaces, industrial furnaces, cable incinerators and crema-
tion furnaces, and factory chimneys

Department Management E, — management by authorized signatories Hermann
SCHMIDT and Kurt SCHMIDT, supervised the individual Departments A-C-E;-
E»-Es-E4. This department processed brewery machinery and all machines nec-
essary for malt production. Steel silos for grains of all kinds, whole malting
plants and grain-drying plants. Both Departments (D and E) were under Mr.
TOPF.
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The plant, which consisted of a locksmith ’s shop, a lathe shop, a furnace shop, a

welding shop, and a carpentry, employed about 650 workers, and here, by

means of the existing machines, all the parts for the complete devices manufac-
tured by the company and described above were made.

The raw iron and non-fabricated iron parts were stored in the materials ware-

house and distributed according to need.

The sub-departments of transportation and shipping handled the machines fin-

ished for shipment in the factory.

The plant was under the direct supervision of Mr. TOPF and Director BRAUN.”
The organizational chart of the Topf Company dated February 22, 1943, how-
ever, shows a much-more-complex structure. The main departments, which
were subdivided into numerous subdepartments, were thus as follows (repro-
duced in Schille 2011, p. 167):

— Operations management with the two Topf brothers as bosses, including
management and general administration
— commercial departments
— technical administration
— technical departments
— the operating department, including the plant production schedule, headed
by Gustav Braun, the project-preparation department, and the plant floor;
— the assembly department
In 1940, the Topf Company reached its highest number of employees: 1,064
persons, of whom 766 were blue-collar workers and 298 white-collar employees
(ibid., p. 78). After the beginning of the Second World War, foreign workers,
prisoners of war and civilians were conscripted to the Topf Company. At the
end of 1942, 270 of these conscripted workers worked for Topf, and in 1943
there were already 341 (ibid., p. 76). On December 31, 1943, the company had
840 employees.?? From an “employee report” of January 31, 1944, it appears
that the Topf Company had 830 employees at that time, of whom 726 were men
and 104 women, including 157 salaried employees and 198 skilled workers.
After the war, the Topf Company started its activities for the Soviet Office
for War Reparations and Supplies of the Soviet Administration in Germany. In
October 1945, it erected a waste-incineration furnace in Arnstadt.® An order
dated February 19, 1946 for a “Cartox® fumigation device for 5,000-ton stor-
age” was completed on May 30, 1948 with the site-acceptance test of the
plant.®®
In April 1948, the company was still called J.A. Topf & Sons, but was now a
nationalized company with the “State Owner” Max Machemehl, the plant man-
ager Herbert Bartels and Friedrich Schiller as head of the employee organiza-

%2 Beschaftigtenmeldung, 31 January 1944. BAK, R 13111/321 H 4.

% File memo of Betriebsdirektor Braun added to Kurt Priifer’s personnel file. APMO, BW 30/46, p. 21.

%  Cartox was a disinfestation agent for grain in silos, consisting of nine parts liquid ethylene oxide and
one part carbon dioxide. Topf also manufactured Areginal fumigation systems, for which it distribut-
ed the corresponding “Operating Instructions for Areginal Fumigation Systems.” SE, 5/411 A 182.
Areginal was a disinfestation agent based on ethyl formate.

% Test Report No. 103/24 of 30 May 1948. SE 5/411 A 138.
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tion. Glnter Mann was entrusted with the construction of cremation furnaces
under the direction of engineer Hans Streichardt.%

During the same year, the company was renamed Nagema Topfwerke Erfurt
VEB, and the construction of cremation furnaces was relocated to Zwickau. In
1957, the company changed its name to “VEB Erfurter Malzerei- und
Speicherbau” (EMS) and was privatized in 1993 as “Erfurter Malzerei- und
Speicherbau GmbH” (EMS).

In 1951, Ernst Wolfgang Topf moved to Wiesbaden, where he reestablished
the company J.A. Topf und Séhne, but it was dissolved in 1963.

Kurt Prufer was arrested by U.S. intelligence agents on May 30, 1945, but
was released on June 13. Ludwig Topf committed suicide on May 31. On July
3, U.S. occupation forces withdrew from Erfurt and were replaced by Soviet
troops.

In early March 1946, Prifer, Schultze, Sander and Braun were arrested by
the Soviets. The arrest warrant was issued on March 6 by the head of the
Smersh counterintelligence service,®” Colonel Zagorul’onii, and by the military
prosecutor, Colonel Zmirov of the VIII> Guard Army. The four engineers were
suspected of crimes as stipulated in the first part of the Decree of the Supreme
Soviet of the USSR of April 19, 1943 concerning “punitive measures for Ger-
man-fascist criminals guilty of murder and torture of Soviet civilians and pris-
oners of war, for spies, traitors to the fatherland among Soviet citizens and their
accomplices.”

The accused were subjected to a total of 36 interrogations, 20 of which took
place in Berlin between March 4 and 28, 1946, and 16 in Moscow between Feb-
ruary 11 and March 11, 1948.

On March 28, 1946, Smersh Captain Kazantsev signed for Sander, by then
deceased, an “order to cease prosecution due to the death of the accused.”

On March 15, 1948, Criminal Case No. 1719 against the remaining three en-
gineers of the Topf Company was closed with a motion for conviction signed by
three senior officers of the State Security Service. On April 3, an “Order to send
them to a special camp of the Ministry of the Interior” was issued against the
three engineers, sentencing them to 25 years in prison.*

Prifer died in Soviet captivity on October 24, 1952. Schultze and Braun
were released on the basis of a decree issued by the Presidium of the Supreme
Soviet on September 28, 1955 as part of an amnesty.

On June 30, 1992, the Prosecutor’s Office of the Russian Federation decided
not to rehabilitate the three convicted engineers. (For details see Mattogno
2014).

% Letter “To the city commandant’s office, Col. Proskurin” of 6 April 1948. SE, 5/411 A 100.

7 Abbreviation for “smert §pionam” — Death to the Spies.

% FSBRF, N-19262, Criminal Case 1719, pp. 451f. (Penalty order for Priifer), p. 453-456 (Penalty order
for Schultze).
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2. The Topf Cremation Furnaces for Civilian Use

2.1. The Cremation Furnace with a Coke-Fed Gasifier

The first cremation furnace with a coke-fed gasifier built by the Topf Co., while
retaining the essential features of existing furnaces, introduced a number of in-
novations based on prior ideas, but in a novel configuration. In particular, the
Topf furnace had an external heat source for the muffle (per Max Kergel’s pa-
tent of 4 October 1908) controlled by a damper made of refractory material and
located in front of the gasifier outlet (following an idea incorporated into the
Knos Furnace). This damper, by keeping the combustion gases from entering
the muffle, ensured a completely indirect cremation. With this furnace, Topf
aimed for a front-rank position in the field of totally indirect cremation, which
explains its objection to the decree issued by the Prussian ministry of the interi-
or on 24 October 1924.

The structure and operation of this type of furnace were described at the time
in the expert literature as follows (Reichenwallner 1926, pp. 28f.; cf. Document
133):

“The cremation furnace consists of a coke-fed gasifier, a cremation chamber

(muffle), closed onto itself, of the system of channels (recuperator) located be-

low which serves to preheat the combustion air, and of the duct taking the gases

around the muffle.

When a cold furnace is to be heated up, a small fire of wood is lit in the gasifier

and is switched over to coke step by step. The gases produced by the coke or the

wood move upwards and into the muffle, passing through the gasifier outlet.

They then flow through the recuperator and into the flue duct of the chimney,

transferring the heat they contain to the walls of the recuperator along the way;

the latter are made of refractory material. In this manner, the furnace is heated
to incandescence (1,000°C). The necessary gas mixture is produced with a sup-
ply of air.

At this point (1,000°C) the furnace is ready for the cremation. The damper at the

outlet of the gasifier is closed in such a way that the gases flow through the

channel surrounding the muffle, maintaining the latter at incandescence from
the outside. Thus the gases can no longer enter the muffle. The front introduc-
tion door of the muffle is opened and the coffin is introduced by means of the in-
troduction cart; in this way the coffin is deposited on the cremation grate and
the cart is immediately withdrawn from the muffle. The front opening as well as
its outside cover are closed immediately. The necessary combustion air — which
flows into the cremation chamber at a high temperature and incinerates the
corpse — enters the series of channels below through the open dampers, rises
through the channels in a direction opposite to that of the discharge gases up to

the highest point of the vault above the muffle and there enters the muffle at a

high temperature.

Just before it leaves the muffle, the saturated combustion air is diluted with pre-

heated air; an operation without smoke or odor is obtained in this manner. The

duration of a cremation is 60-75 minutes, depending on the size of the corpse.
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The entire cremation process can be observed by the operator through viewing
glasses in front and rear. The furnace combines the two corpse-cremation sys-
tems, i.e. direct and indirect cremation. Furthermore, the most-modern concep-
tual and technical elements have been incorporated. The advantages of the fur-
nace are ease of use and control, minimal fuel requirements, very-rapid crema-
tion, odorless and smokeless operation.

The design of the furnace is very solid. Between the inner wall of refractory ma-
terial and the outer brick wall, there is a thick layer of rock wool which brings
loss by radiation down to a minimum. The furnace consists of massive, top-
quality refractory clay which not only makes for a stable structure but also
serves to accumulate heat. This system design aims for a long life of the furnace.
The outer brickwork is built in an arch-like way, as a vault, and held together by
steel bars, angled or in T-shapes; the latter are linked by solid bolts.

The ashes are cooled near the front of the lower section of the furnace in an ash
container with a smoke-extraction fan, and is then transferred to the urn.

The cremation process as such takes place out of sight of the bereaved. The cof-
fin, set up in a dignified manner in the chapel, is lowered slowly and silently to
the sound of a solemn piece of music and is then introduced into the cremation
chamber by means of a cart of appropriate design. The remains of the ash, pure-
Iy white, are collected in the ash container and can then be buried or placed in a
columbarium.”

Topf had become a major competitor also in the fields of design and construc-
tion of cremation furnaces by the early 1920s. At that time, its most-resounding
success was undoubtedly the erection of two cremation furnaces in Moscow in
1926. A publicity leaflet of the same year, entitled “Furnaces for crematoria,
Topf system” informs us about the activities and developments of the company
(Topf 1926; cf. Document 134):

“The Topf’ Furnace for crematoria is the result of nearly fifty years of experi-
ence in the field of technical combustion equipment and is suitable for both di-
rect and indirect cremation.

The furnace consists of the coke gasifier with its routing of the carbon-monoxide
gases, the independent cremation chamber (muffle) and the channel system be-
neath (recuperator) which is used for preheating the air needed for the crema-
tion. The preheated air thusly produced does not enter into contact with the
spent gases, because the air channels are totally isolated from the flue-gas
channels, so that, in the case of indirect cremation, the cremation takes place
with pure atmospheric air which is heated up to the required temperature only
on its way to the muffle.

Between the internal and the external brickwork, over the whole length and
height of the furnace, is laid a thick layer of insulation made of bricks of diato-
maceous earth; in this way the thermal radiation is reduced to a minimum. In
the design of our most-recent model we have made use of our extensive
knowledge in the domain of heat economy applicable in this field with this par-
ticular idea in mind. The ensuing advantages show up most clearly when the
furnace is not in daily use. The insulating layer of diatomaceous earth retains
the heat over a long period, and the amount of heat required for a new incinera-
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tion series is correspondingly less. Moreover, the time needed for preheating is
considerably shortened.

The external brickwork is designed in accordance with the Topf Arch System of
proven effectiveness; it ensures that the brickwork in the shape of an upright
vault is wedged between robust steel beams, both angular and I-shaped. This
system of construction guarantees a long service life and prevents the formation
of cracks, which would otherwise develop quite easily because of the high tem-
peratures. The fittings are made from refractory castings.

In recent years, we have erected a series of cremation installations attached to
existing benediction chapels or similar halls. In most cases, such an arrange-
ment obviates the need for a lowering device and now enables all those munici-
palities that had to reject the idea of building their own crematorium again and
again for financial reasons, to acquire a cremation installation at a rather mod-
erate cost. Along these lines, the crematoria at Erfurt, Griinberg, Guben, Hochst
a.M., limenau, Magdeburg, and Suhl came into being.

Lately we have added air heaters which make use of the spent gases; these de-
vices are incorporated into the flue duct just upstream of the chimney. They con-
sist of a heat exchanger with a large number of so-called bags in which the
spent gases and the air circulate separately: a blower mounted in front draws in
fresh air and pushes it through the air bags. The spent gases are led through ad-
jacent bags; in this manner the air warms up and can be taken through ducts in-
to the chapel to heat the latter. Such an arrangement makes the installation of a
central heating system superfluous. Leaving aside the fact that the capital outlay
is far-lower than for a separate boiler for central heating, the small blower has
such low operating costs that heating is essentially free of cost.

Crematoria with furnaces and Topf mechanical systems under construction in
1926 are located at

Wilhelmshaven 1 furnace

Giessen 1 furnace

Moscow 2 furnaces

Since 1922 we have thus built or received orders for 28 furnaces, an achieve-
ment so-far-unsurpassed.

Figures 8 and 9 show the church of the Donskoye Cemetery in Moscow where 2
furnaces are presently being built by us.

**k*

The City Director Arnstadt, 10 February 1925
Arnstadt in Thuringia
Dept. IV

[To:] J.A. Topf & Séhne Co., Erfurt
The cremation furnace installed by Topf & Séhne Co., Erfurt, was handed over
and started up on 1 October 1924. Up to now, 57 cremations have been carried
out. Cremations take place irregularly, which leads to uneven periods of pre-
heating and coke consumption for the individual cremations. Gas coke is being
used as fuel. Preheating the furnace requires 2-2 % hours.
From the beginning of preheating up to incandescence and complete combus-
tion, coke consumption has been as follows:
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for the cremation of one corpse 169-260 kg incl.
» 7 " oftwocorpsesononeday  234-314 kg } preheating

The cremations take place without generation of smoke or odor over a period of
¥ to 1 Y hours for each corpse. The chimney, 18.0 m high and erected by J.A.
Topf & Séhne Co., functions satisfactorily. The same applies to the [coffin-]
lowering mechanism, likewise supplied by the company.
In connection with the channel for the gas flow from the cremation furnace to
the chimney, J.A. Topf & S6hne Co. have installed an air-heating device for
heating the cemetery chapel. The air temperature at the exit points in the chapel
is 50°C on average. In the case of cremations, the chapel can thus be heated
quickly and without any additional fuel.
The cemetery department.
Signed: signature

* * *

City of Erfurt Erfurt, 25 June 1925
Department of Gardens and Cemeteries

[To:] J.A. Topf & Séhne Co., Erfurt
The cremation installation with two furnaces erected by J.A. Topf & S6hne Co.
went into operation on 11 April 1923. Up to date, 700 cremations have been
carried out.
Over the two years of operation of the furnaces, no failures have occurred up to
now.
The special design of the furnaces and the good insulation have led to very low
temperature variations, which is also very beneficial for the durability of the
brickwork. We must underline the exceptionally simple control of the furnaces.
Unfortunately the cremation furnaces are not yet in daily operation. Therefore,
the determination of the fuel requirements per corpse cannot yet be fully as-
sured.
Using gas coke as fuel, for the period starting with preheating up to incandes-
cence, complete incineration, and removal of ash remains, our records permit us
to report the consumption as follows:

1. for the incineration of 1 corpse in one day 3% hwt. of gas coke
2." 2 corpses in succession 5 "
3. 37 Ve "
4- ” 4 n 9 ”
5" 5" 10% "
6. ” 6 " 10]/2 ”
7- ” 7 n 10]/2 ”

The design of the Topf System allows the cremations to be executed completely
without any smoke and odor.
The maximum duration of a cremation amounts to 1% hours.
The Municipal Department of gardens and cemeteries
Signed: signature
* k% %
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The Director of the Weimar, 30 May 1925
Land Capital (Buildings Department)

[To:] J.A. Topf & Séhne Co., Erfurt

In reply to your request of the 22nd of this month we inform you that the crema-
tion furnace installed by you in this crematorium has operated successfully up to
now. In order to bring about a more economical operation, cremations are car-
ried out only on Tuesdays and Fridays. Preheating requires 2-3 hours, a crema-
tion lasts 1-1% hours. Each of the latest 24 cremations required on average 2.7
hl [hektoliters] of gas coke (incl. preheating).
The Deputy Mayor

Signed: signature

* *x *

Administration of Halle upon Saale, 7 October 1924
Gertrauden Cemetery

[To:] J.A. Topf & Sthne Co., Erfurt

In reply to your letter of 3 inst. we are pleased to inform you that the cremation
furnaces erected by you in 1915 have been operating so far to our complete sat-
isfaction. The installation was started up on 15.12.1915, and altogether 2,670
corpses have so far been cremated in the two furnaces. In order to reach a tem-
perature of 1,000-1,100°C with a cold furnace, we require some 3% to 4 hwt. of
metallurgical coke, whereas only 1 hwt. of this fuel is needed with a furnace al-
ready in operation. The duration of a cremation depends upon the size and na-
ture of the deceased and amounts to %-1% hours at this plant.

Signed: signature

* * %

Municipal Operations Dept. Hanover, 10 October 1924
Heating and Machinery Section

[To:] J.A. Topf & Sthne Co., Erfurt

In reply to your letter of 3 inst. we can inform you that the operation of our
crematorium has not yet reached a level allowing us to establish a certificate
concerning the furnaces. For the time being, we can only confirm that we are
satisfied with the furnaces supplied and have not yet noticed any substantial
wear after the 300 cremations carried out so far. As a consequence of low and
infrequent usage, at the present time, we require some 100 kg of metallurgical
coke for each cremation. We hope that, with the completion of the whole plant,
usage of the furnaces will intensify leading to a lower fuel requirement.
In any case, we are satisfied with the furnaces to such a degree that we have al-
ways replied in a positive way to the various inquiries addressed to us.

Signed: signature

* * *

The Municipal Directorate llmenau in Thuringia, 2 August 1924
Municipal Building Department

[To:] J.A. Topf & Séhne Co., Erfurt
As requested, we are pleased to confirm that we are satisfied with the furnace
plant erected by you in our crematorium. The installation has functioned very
well with respect to the directions concerning the cremation of corpses and from
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the point of view of fuel economy. When properly operated, the furnace has so
far not led to any odor nuisance in the vicinity. In spite of the sometimes inten-
sive use of the furnace, no wear or tear has been noticed so far.

Signed: signature

* k% %

Association for Cremation (reg. ass.) Suhl, 20 October 1923
Suhl
[To:] J.A. Topf & Séhne Co., Erfurt

We are happy to inform you that, technically speaking, we are satisfied with the
installation erected by you in our crematorium. The furnace works well and has
relatively low coke requirements. The operation of the draft enhancer is excel-
lent and the chimney, as linked to it, works particularly well. Overall, the execu-
tion of the work involved has been most-exact.

Signed: signature

* k% %

The City Council at Hirschberg, 26 May 1923
Hirschberg in Silesia

[To:] J.A. Topf & Séhne Co., Erfurt
In reply to your letter of 19 inst. we confirm that the cremation furnace supplied
by you in 1914 works satisfactorily.
Operation is easy and simple. The design has turned out well. As far as the in-
stallation is concerned, no deficiencies have been noticed so far.
The following amounts of coke are needed:
for the first incineration 5 hwt.

" " SECOﬂd " 3 "
” " thlrd " l "
" " fou rth " _n

The duration of a cremationis about 1% hours. Preheating takes 2-3 hours. For
a single preheating operation, the generator damper is closed. However, as ad-
ditional feeds are required for each succeeding cremation, the generator damp-
er must be opened [again].

Signed: signature”

2.2. The Gas-Fired Cremation Furnace

The gas-fired furnace mentioned by Sander in his letter of 14 April 1936 is the
“High-performance furnace with rotatable ash-grate, D.R.P. (Deutsches
Reichspatent)” model 1934. The operation is still an indirect one, using hot air
from metal tubes located above the muffle. The post-combustion chamber is
equipped with a rotatable grate in accordance with the patent granted to Viktor
Quehl on 17 October 1932 and taken over by Topf on 17 May 1934 (cf. follow-
ing chapter). The furnace appears more-elaborate and considerably more-volu-
minous than the Volckmann-Ludwig Furnace: it still has the two-level design of
the coke-fired furnace, with a total height of some 5 meters; the controls for ro-
tating the grate and the ash-removal device are located on the lower level. Even
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the section located in the furnace hall, measuring 3.70 by 2.60 m, is far-more-
voluminous than the Volckmann-Ludwig Furnace (3.10 by 1.70 m).

Two furnaces of this type were set up in the Cologne Crematorium. A con-
temporary article describes the design and operation in the following words
(Etzbach 1935, pp. 3-5):

“As the furnace is heated each day in the early morning by means of a gas
burner and is at incandescence (around 1000°C) after one hour of preheating,
the coffin is set alight right after its introduction into the furnace, because wood
immediately catches fire at that temperature. Of course, the gas burners are
closed first, so that the corpse is now being cremated by means of air at a high
temperature, and after approximately one hour only pure ash from the bones
remains (about 2 liters).

The generation of the high-temperature air is effected by a metallic air heater,
which is located within the furnace and is fed by a blower located outside. On
their way to the chimney, the discharge gases from the furnace must pass
through this heater and heat it to the point where its tubes begin to glow. In this
way, a noticeably shorter cremation time is achieved. Moreover, with high-tem-
perature air, smoke can be prevented, which would otherwise not be the case, if
heavily varnished coffins or similar are used.

The cremation furnace [Document 135] consists of the cremation chamber (a)
with the tiltable plates of the grate (b) below and with the ash chamber and its
ash grate (c) located underneath it. The movable burner for low-pressure gas
(d) is situated in the front part of the furnace on the inside. The cremation itself
may be viewed through an observation device (e). The tubes of the air heater are
located above the cremation chamber.

Once the corpse has decomposed under the effect of atmospheric air at high
temperature, the ash (bone residue consisting of calcium phosphate and iron ox-
ide) falls through the refractory blocks of the grate onto plates of cast-iron Py-
rodur (b) under the effect of gravity. These rotatable plates are turned from the
outside of the furnace and remain in a vertical position. In that way, the ash falls
onto the ash grate (c). This grate, too, can be tilted and is controlled from out-
side the furnace. Below this grate is the ash receptacle. If the grate is tilted 90°,
the ash falls into the receptacle beneath. After a suitable cooling period, the ash
is transferred into a (metallic) urn of some 15 cm in diameter and a height of 20
cm; here, for reasons of reverence, suitable tools are used in order to avoid any
contact between the ash and [human] hands. The urn is then closed and marked
with the name and the necessary data to be held in the chapel hall or taken to
another location which possesses the required characteristics of reverence.

We must also stress in particular that, before a coffin is introduced into the fur-
nace, a control token made of refractory material (Schamottemarke) is attached
to it, showing the serial number under which the coffin has been registered in
the list of the crematorium administration. This refractory token, which is fire-
proof, accompanies the entire process and ends up with the ash; it is removed
and attached to the lid of the urn.”

The next type of furnace (Document 136) shows technical improvements in the
tube system of the air heater and in the ash-extraction system, aside from the in-
corporation of a second, smaller burner into the post-combustion chamber. The
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engineer Fritz Schumacher describes it as follows (Schumacher 1939, pp. 25-

27):
“The Topf Furnace has an outer brick casing with clinker or brick facing. A
strong reinforcing framework of T, U, or angle bars made of wrought iron holds
the enclosure together. The visible outside surfaces of the furnace possess an
arch-like brickwork in order to prevent the formation of cracks.
The inside of the furnace is made of highly suitable fireclay material, and be-
tween it and the enclosure is located a continuous layer of insulation made from
bricks of diatomaceous earth and rock wool.
Within the furnace we have the cremation chamber with lateral discharge of the
gases and the gas-discharge channels situated on the right and on the left side,
the cremation grate, the tiltable ash grate below, and the post-combustion
chamber with the ash-extraction grate.
To the right and left of the cremation chamber there are the tubes of the air
heater providing high-temperature air. Whereas the upper four heating coils are
made from Sikromal Steel, which withstands temperatures up to 1200°C,
wrought-iron tubes with especially thick walls are used for the lower portion. A
blower located outside and guaranteed to run silently feeds air to the two tube
systems. In order to ensure that the tube systems on both sides are fed equal
amounts of discharge gas, there are refractory baffles which direct the dis-
charge. These refractory baffles, arranged horizontally, also serve to store heat.
On the inside of the front is a low-pressure gas burner rated at 30 m3 per hour.
This burner is movable.
As the Reich legislation on crematoria allows the use of fuel during the crema-
tion only in particularly difficult cases, the Topf Furnace, in order to respond to
the wishes of the legislature, is provided from the outset with a burner in such a
way that, once the furnace has reached its operating temperature, it can be re-
tracted, and a cast-iron flap next to the burner seals its opening. Above the post-
combustion grate is another small burner, rated at about 5 m3 per hour, which is
used only in special cases.
For closing the cremation chamber a muffle-closing device is used consisting of
two parts and made of cast iron, lined with fireclay, which rests on the frame-
work of the furnace. Immediately in front of this closure is an insulating plate
consisting of two sections made of a double layer of asbestos held by a frame of
wrought iron to prevent heat losses to the outside.
Both above the tiltable ash grate and within the cremation grate there are out-
lets for the hot air needed for the combustion. A further hot-air outlet is provid-
ed over the ash-extraction grate.
The tiltable ash grate is designed to be operated from the outside. This grate has
a highly refractory Pyrodur frame, and the interstices are filled with monolite
clay. Another closure in the flue channel completely closes the furnace against
the chimney.
The ash box has two pairs of wheels for easy moving. The hot-air-closing devic-
es are located in the front portion of the furnace above the main burner. They
are labeled: muffle — post-combustion — tiltable ash grate — ash extraction.
The controls of the flue-duct damper are also located next to those of the hot air.
The discharge gases pass through the furnace along the following route:
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From the gas burner they move to the underside of the refractory grate where
they heat up the tiltable ash grate, and from there they flow on into the crema-
tion chamber through the blocks of the grate. After having passed through the
chamber, they pass into the openings in the vault of the muffle, strike the muffle
laterally and drop down through the lateral discharge channels. They leave the
channels here on both sides, cover the post-combustion grate, come together be-
hind it, only to split up again when entering two side channels running along the
cremation grate, from where they move into the flue duct.

Thanks to this gas routing, the mass of refractory brick heats up uniformly in-

side and out; in this way a longer service life of the refractories is guaranteed.

The heat content of the gases is, moreover, made good use of, and the gases

leave the chimney with little smoke and odor.

Thanks to the tiltable grate, no stoking tools are needed in the Topf Furnace in

order to remove the ashes of the corpse.”

On 24 June 1950 Martin Klettner, an engineer working for the Topf Co. which
had moved to Wiesbaden after the war,*® patented a new type of cremation fur-
nace which will be described in Chapter 3. The furnace had already been built at
Wiesbaden prior to the issuance of the patent, as we can see from the following
letter written by the Wiesbaden city authorities on 19 December 1949 (see Doc-
ument 137):

“We confirm herewith that Senior Engineer Martin Klettner has executed the in-

tended reconstruction of the cremation furnace over a period of 2% weeks and

has incorporated improvements based on your experience.

Mr. Klettner has demonstrated the operation of the furnace and has handed it

over after a test run extending over three days and involving a total of 16 crema-

tions to our complete satisfaction.

The performance of the furnace surpassed all expectations, especially with re-

spect to the fuel consumption. As early as the third day, cremation times of 40

minutes were attained without any fuel consumption except for preheating.

You are at liberty to show the furnace to interested parties after giving us suffi-

cient notice.

Any publication of this letter without our prior approval is not permitted. ”
Klettner had probably only revised a plan and a “provisional construction draw-
ing” of the furnace that the Topf Company of Erfurt, which had been national-
ized by communist East Germany in the meantime, claimed for itself in a letter
dated April 6, 1948.1%°
In 1989 two gas-fired Topf furnaces were still in operation at the crematorium
of the Dortmund Central Cemetery. They had obviously been modernized with
respect to automation and had been equipped with technical control devices.

We will now describe the operation of these installations: Cremation takes
place at two levels: the main cremation takes place on the upper floor. After the
introduction of the coffin into the muffle, the cremation residues drop into the

% Ernst Wolfgang Topf, one of the two brothers who owned the company of the same name (the other,
Ludwig, had committed suicide on May 30, 1945), moved to Wiesbaden in 1951, where he re-
established the J.A. Topf und Séhne Company, which was dissolved in 1963, however. M. Klettner’s
patent bears the heading “J.A. Topf & S6hne, Wiesbaden” because it was issued on January 5, 1953.

10 «An die Stadtkommandantur, Oberlt. Proskurin, 6.4.48.” SE, 5/411 A 100. See Document 138.
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post-combustion chamber beneath when the grate is tipped, where they burn out
completely. In the meantime, another coffin is introduced into the muffle above.
The ash is removed when the post-combustion is complete.

Before introducing coffins successively into the muffle, they are given an
identification token made of refractory clay, bearing a serial number, which re-
mains with the corpse and the ash over the whole duration of the cremation and
allows identifying the decedant when the ash is extracted.

The time required for the cremation varies between one-and-a-quarter and
one-and-three-quarters hours, depending on the nature of the corpse. In a nor-
mal shift of eight hours, five corpses per furnace are usually cremated. In early
1989, because of the great number of corpses awaiting cremation, double shifts
were arranged, with 10 corpses, sometimes up to 12, being cremated within a
day, with a consumption of some 21 m3 of gas per cremation. Later on, after air-
and gas-flow controls were added, consumption went down to less than 17 cu-
bic meters.1%!

2.3. The Cremation Furnace with Electrical Heating

Topf built the first electrically fired German cremation furnace; it was set up at
the Erfurt Crematorium in 1933. Like the gas-fired furnace, this device, too, had
two levels. The 1934 model mentioned in the preceding subchapter had a basic
design which was suitable for both gas firing and electrical firing (Documents
140f.).

The new design is explained in an article which summarizes the patent ap-
plication filed by Topf (“Elektrisch...” 1935, pp. 89f.; cf. Document 139):

“The electrically heated Topf Furnace installed at the Erfurt Crematorium con-
sists of a cremation chamber which is heated on both sides by 6 heating coils
made of nickel-chromium alloy, through which passes an electric current and
which are placed in the recesses of specially shaped bricks. The heating coils
are protected from the direct effect of the flames which develop during the com-
bustion of the coffin by stainless-steel plates placed in front of them.

These 12 coils have an output of 40 kW. The muffle is closed by a door and by a
panel made of fireclay.

The grate is cross-shaped and has also two heating coils with an output of 12
kW.

Underneath the grate is the inclined plane for the ash made of specially shaped
refractory bricks which, again, contain 4 heating coils having a total output of
18 kWw.

The inclined plane ends at a closure plate below which the post-combustion
chamber is located with its 7-kW heating coil. The floor of the post-combustion
chamber consists of a perforated plate. Beneath it is the ash receptacle. The
heating coils of the Topf Furnace at Erfurt have a total power output of 95 kW.
In the flue-gas channels of the cremation chamber, Aeroterm*°? tubes arranged
along a slope are installed. They are fed by means of a blower located on the

101 | etters of Griinflachenamt (public parks department) of the City of Dortmund to the author dated 18
January and 24 February 1989.
102 Aeroterm tubes “consist essentially of a battery of finned tubes and a helical blower inside a metal
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outside of the furnace. The air which is heated in these tubes to a high tempera-

ture enters the cremation chamber below the refractory grate through two chan-

nels, each of which has four openings. Before striking the corpse, the air flows
past the glowing mass of refractory clay. These air outlets are not mere nozzles;

their dimensions are 70 by 100 mm.

Above the cremation chamber is the discharge outlet for the gases, which can be

closed. The spent gases leave the cremation chamber at the top, strike its upper

portion, and are then led downwards by means of two channels on the sides of
the cremation chamber, passing through the lower portion of the inclined plane
towards the flue-gas channels and from there into the chimney.

The operation of the furnace is very simple. The heating coils are switched on

and off by means of a remote-control switch. All the controls are grouped in a

box which can be placed next to the introduction door. In order to benefit from

cheaper night-rate electricity, the furnace is switched on automatically by a tim-
er; thus, attendance is required only, and in a limited way, when the coffin is in-
troduced. Heating is controlled by a device which shuts off the furnace when the
temperature has reached any desired level, so as to avoid any wastage of elec-
trical power.”
Quite soon, however, this furnace would exhibit serious operational problems,
especially the generation of smoke during cremations. Exacting investigations
by the administration of the Erfurt Crematorium showed that, with a draft of 12
to 24 mm of water, the velocity of the spent gases was so high that they did not
have sufficient time to burn out within the muffle and cooled down to a level
below their ignition temperature as soon as they entered the flue duct. The ad-
ministration of the crematorium was therefore obliged to carry out technical
modifications of the plant: a combustion chamber (Brennkammer) was installed
above the muffle in an effort to bring down the gas velocity, and the damper at
that point was removed; the cross-section of the channels for the combustion air
were enlarged, and two new channels were added which brought air into the
muffle through two openings in its upper part. The flat supporting beam for the
coffin was replaced by a corrugated beam.

In 1934 Topf designed, moreover, a cremation furnace which could operate
with either gas or electricity. Document 140, consequently entitled “Topf Cre-
mation Furnace 1934 (For gas and electrical heating),” shows the installation
from the outside. Document 141, “Topf Cremation Furnace 1934,” illustrates its
design. Following the example provided by the Volckmann-Ludwig Furnace, it
had an outer metal facing (Blechummantelung), which provided it with a very-
modern appearance. The incineration chamber (Ein&scherungsraum) was closed
by means of a sliding door, mounted obliquely; a decorative door (Prunktir)
was mounted in front of it. The opposing part sported a viewing port (Schaulu-
ke). Each of the side walls had three openings for the spent gases. The coffin
rested on three corrugated refractory beams. Below it was located the tiltable

container with baffles which allow steering the flow of hot air. The heat exchange takes place in
forced convection with a high thermal efficiency (1,500 — 3,000 kcal/m2 hr), and is highly adaptable
depending upon the design. The air velocity is higher than what would normally be agreeable (0.20 —
0.40 m/sec) and the noise level is high (50-60 dbA); hence, in view of the high output, their usage is
primarily in industrial and large-scale installations.” Manuale... 1990, p. E 589.
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grate for the collection of the ash (drehbare Asche-Sammelplatte) with the ash
post-combustion chamber (Nachverbrennungskammer) below; its tiltable grate
permitted the transfer of the ash to the receptacle underneath and its removal
through a suitable opening (Ascheentnahme).

In the front part of the furnace, but on the lower level, there was a blower
(Druckluftgeblase) feeding air through a double coil of tubes acting as an air
heater (Rohren-Luft-Erhitzer); the air from these tubes passed through the six
vertical flue-gas ducts, located on both sides of the cremation chamber, where
the flue gases transferred their heat content. The combustion air heated in this
way flowed through eight openings below the coffin, passed between the refrac-
tory beams, continued through another eight openings above and below the tilt-
able plate, and then entered the post-combustion chamber. A chamber with
dampers was placed above the cremation chamber in order to reduce the veloci-
ty of the fuel gases.

When these changes had been carried out, test cremations were undertaken
at the Erfurt Crematorium. The chart published by engineer Konrad Weiss
(Document 142) refers to five cremations which took place on 17 and 18 April
1934. The duration of the individual cremations was as follows:

First cremation about 1 hr 45 min.

Second " 2 hr

Third " 1 hr 40 min.
Fourth " 1 hr 50 min.
Fifth " 1 hr 30 min.

The temperature recorded at the center of the muffle was higher than that in the
rear portion and varied between 850 and 950°C. The temperature of the inclined
plane was always below 600°C (Weiss 1934, pp. 453-457).

A total of 1,622 cremations were carried out in this furnace before it was
dismantled and replaced by a more-modern model set up in the Erfurt Cremato-
rium in 1936. Compared to the former, this model (Documents 143-145) pre-
sented numerous technical improvements. The vault of the muffle is closed, and
both the additional combustion chamber and the channel for the spent gases are
absent. The lateral walls of the muffle, below the onset of the semicircular vault,
are strongly inclined and extend below the grate as inclined planes for the ash;
they reach down to a previously non-existent tiltable grate. Below the latter is
an electrically heated and retractable post-combustion grate. The supporting
grate for the coffin consists of three corrugated beams.

The spent gases leave the muffle through four square openings in each of the
side walls and enter two channels which go down vertically and open up above
the post-combustion grate, which they traverse downwards and then enter the
flue duct. On the inside of these two vertical channels there are four horizontal
metal heat-recovery tubes, 120 mm in diameter, into which a blower, located
outside the furnace, feeds the combustion air which in turn enters the muffle
through two openings set into each of the side walls, above the tiltable grate and
below the muffle grate. Through other channels, combustion air also enters the
muffle from an opening behind the last supporting beam of the grate. From
there it flows also into the space below the post-combustion grate. The heating
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coils are no longer contained in recesses protected by metal plates but in appro-
priate channels made of shaped refractory bricks.

This furnace is described by the Topf Co. in the following manner (Schu-
macher 1939, pp. 28, 30; cf. Weiss 1937, pp. 159-162):

“The furnace consists of an outer cladding of sheet metal which is held in place
by robust T, U, and angle-shaped bars. The entire furnace is built from the most-
appropriate refractory material, and between it and the outer shell there is a
thick layer of diatomaceous earth bricks as well as glass-fiber and rock-wool
panels.

The furnace itself consists of the cremation chamber with its flue-gas channels
to the right and left, of the cremation grate with the tiltable ash grate below, of
the post-combustion chamber and a grate for ash extraction. On either side of
the cremation chamber, preheating tubes for the combustion air are set into the
flue-gas channels, heating the air to a high temperature. Whereas the coils of
the two top sections are made of Sikromal Steel, we use cast-iron tubes with par-
ticularly thick walls for the lower sections. A low-noise blower located outside
the furnace feeds both sets of tubes.

For the closure of the cremation chamber there is a muffle closure which can be
suspended either from the furnace framework or from the ceiling of the furnace
hall. In front of this closure, there is an insulating plate made from double as-
bestos panels held by a wrought-iron frame.

Above the tiltable ash grate, as well as within the cremation grate, feed openings
for the hot air required for the combustion have been placed. A further opening
for the hot air is located above the ash-extraction grate. This grate has a rim of
Pyrodur wrought iron, and the interstices are filled with compressed Monolite.
The furnace is well separated from the chimney by a draft damper. The ash re-
ceptacle has two sets of wheels for easy movement. The discharge gases take the
following route:

The discharge gases leave the cremation chamber through two openings set into
the right and left sides of the cremation chamber, pass through the upper chan-
nel around the horizontally arranged plate of refractory clay into the second
and third channels and leave to the right and left of the combustion grate, envel-
oping it, then flow behind and below it through a common channel and are then
led to the chimney via the flue duct.

The refractory material is heated uniformly, inside and out, by the discharge
gases, guaranteeing in this fashion a longer service life of the refractory materi-
al. Furthermore, the spent gases are used up completely and leave the chimney
with minimal smoke and odor. No devices are needed for the extraction of the
corpse ash.

Location of the electrical equipment for cremation:

The maximum total power output is 85 kW, of which 48 kW are installed in the
two side walls of the main cremation chamber (muffle), 15 kW in the chamber
below the grate, 10 kW in the post-combustion and 12 kW in the air channels lo-
cated on either side of the grate.

In the main cremation chamber there are 6 openings on either side, for a total of
12, which contain two electrical circuits. In this way it is possible to switch the
two sides on or off separately.
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The coils that are located in the rear portion of the furnace are linked by cables

to the control panel, which is located on the wall of the building behind the fur-

nace. This panel is equipped with the timers, the ignition device, the timer clock,
and the pushbuttons for ignition with their control lights.

All electrical circuits have push-button controls with control lights in such a

way that one can see at any time which circuit is powered.

The ignition device prevents excessive temperatures in the furnace. For this, the

furnace starts and stops automatically at 700 and 900°C, respectively, as a func-

tion of the desired temperature. The furnace can moreover be switched on or off
at any moment by means of the ignition control, even at times when no attendant
is present.

This means that the furnace can switch on and preheat to the operating tempera-

ture automatically, even during the night, at any desired moment without manu-

al action.”

The chart for this furnace published by the engineer Konrad Weiss (Document
146) covers two consecutive cremations. The durations of the cremations turn
out to be considerably shorter than in the previous furnace, between 55 and 70
minutes. This is due to the thermotechnical improvements of the second fur-
nace, above all by the incorporation of a tiltable grate which — allowing as it did
the separation of individual corpses — permitted the introduction of another
corpse while the residues of the former burned out in the post-combustion
chamber.

After some 3,000 cremations carried out over a period of three and a half
years of operation, this furnace was worn out to the point that it had to be dis-
mantled and rebuilt.

The new furnace (Document 147) brought along further technical improve-
ments: the combustion air flowed from a single hole in the rear portion of the
muffle, striking the coffin from below; another conduit moved air below the
post-combustion grate. Furthermore, the spent gases no longer flowed through
the post-combustion grate, leaving instead through two holes in the rear part of
the post-combustion chamber and from there into the flue-gas channel.

Construction work on the new furnace ended on 1 December 1939, and the
furnace was slowly dried until 31 January 1940 by means of 750 kg of wood. Its
performance was much improved. The performance of this furnace was docu-
mented by the engineer Rudolf Jakobskdtter (Document 148) on the basis of
three cremations in succession. Cremation times were very short: some 65, 50
and 40 minutes respectively.

In the light of what we have stated in Chapter 4 of Unit I, it is obvious that
for the cremations shown in the chart — which had the purpose of highlighting
the efficiency of this furnace — combustion did not come to completion on the
tiltable grate, but continued and ended in the post-combustion chamber, as it
had done in the Volckmann-Ludwig Furnace at Hamburg, in which the solar
plexus was burned in the post-combustion chamber.

Document 149 shows an electrically heated Topf furnace with further tech-
nical modifications, the most-important of which were the double door for the
closure of the muffle, the tiltable post-combustion grate and the heat-recovery
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system with its metal tubes set into a separate chamber upstream of the flue duct
(Jakobskdotter 1941, pp. 579-587).

3. The Topf Patents of the 1920s and 1930s

In the preceding chapters we have seen that Topf introduced a series of truly
novel ideas into the technology of cremation, which made it the most-important
company in Germany in that sector within a single decade. Its untiring research
and development activity is also reflected in the patents directly issued to it or
which it acquired over the years of its most intensive activity. All this time,
however, construction of furnaces for crematoria remained a marginal activity
in the plants and on the financial statements of the company, and the patents
which the firm obtained clearly reflect this fact.’%®

In this chapter we will publish the text of all Topf patents relating to crema-
tion furnaces and other combustion devices, but will translate only the most-im-
portant ones, leaving aside the two patents referring to the coffin-introduction
device (24 August 1920 and 4 May 1938; Documents 150 and 154) and the pa-
tent application of 16 November 1942 concerning “Air-cooled grate plate for
mechanical push grate” (Document 159), which does not concern cremation
furnaces but industrial gasifiers.1%

* * *

1) Deutsches Reich. Published on 24 August 1920. Reich Patent Office.
Description of Patent No. 324252. Class 24 d. Group |

J.A. Topf & S6hne in Erfurt.

Device for the introduction of the coffin for cremation furnaces with support
cart that can be raised and lowered.

Patented in the German Reich from 24 April 1915. [Not translated, Document

150]

* * *

2) Deutsches Reich. Published on 5 March 1930. Reich Patent Office.
Description of Patent No. 493042. Class 24 d. Group |. T 36626
V/24d

Day of publication of issuance of patent: 13 February 1930.
J.A. Topf & S6hne in Erfurt.

Device for post-combustion of residues in corpse-cremation furnaces
Patented in the German Reich from 29 March 1929.

103 Cf, the corresponding list shown in Appendix 1.4.
104 The patents mentioned in this chapter derive from the Deutsches Patentamt in Berlin. Documents 155
& 159 are merely patent applications not indicating whether any patent was eventually granted.
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The invention relates to a device for the post-combustion of residues in
corpse-cremation furnaces, primarily for the purpose of burning the wood ash
which is mixed with the corpse ash.['%! The object of the invention differs from
known post-combustion devices in that the removable receptacle for the com-
bustion residues, placed at the end of the inclined floor of the ash-dropping area,
has a perforated bottom and is placed over the outlet of a controllable feed of
combustion air. This arrangement has the advantage of being very simple. Fur-
thermore, above the residue receptacle and below the lateral gas exhausts there
is a gas-permeable slide, blocking ash from dropping into the receptacle, which
enables the ash, still undergoing post-combustion in the receptacle, to be kept
separate from a further cremation in the case of cremations in succession.

Fig. 1 shows the longitudinal section of the furnace in the schematic chart of
an example of the realization. Fig. 2 is the front view of the post-combustion
device.

At the front end of the furnace, below the ash-dropping area, there is a recep-
tacle a, equipped with a perforated bottom b and a combustion-air supply ¢ lo-
cated beneath the latter. The supply can be controlled by dampers d or similar.

The combustion residues are moved into receptacle a shortly before the end
of the incineration process and subjected there to a post-combustion process
with the spent gases escaping through the lateral exhausts g of the furnace.

In order to prevent the residues of two successive cremations from reaching
receptacle a concurrently, a retractable plate e is mounted above receptacle a
which isolates the receptacle from the ash-dropping area f. This plate is permea-
ble for the gases, e.g. by possessing small holes, in such a way that the post-
combustion gases can leave, but no ash residues from ash dropping area f can
reach receptacle a. Consequently, a fresh cremation may be started before the
post-combustion of the residues of a previous cremation has come to an end in
receptacle a.

Patent claims:

1. A device for the post-combustion of residues in corpse-cremation furnac-
es, characterized by the fact that the removable receptacle (a) placed at the end
of the inclined floor of the ash-dropping area (f) has a perforated bottom (b) and
is located above the outlet of a controllable combustion-air supply (c, d).

A device in accordance with Claim 1, characterized by the placement of a
gas-permeable retractable plate (e) above the receptacle, below the lateral gas
exhausts (g), to shield the receptacle against any ash dropping from the furnace.
[Document 151]

* % *

105 This refers to the complete combustion of the combustible substances.
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3) Deutsches Reich. Published on 17 October 1930. Reich Patent Office.
Description of Patent No. 561643. Class 24 d. Group I. Q 1735 V/24d

Day of publication of issuance of patent: 29 September 1932.
Viktor Quehl of Gera. Transferred to: J.A. Topf & Séhne, Erfurt, 17.5.1934.

Cremation furnace with tiltable grates
Patented in the German Reich from 15 April 1931.

Existing cremation furnaces possess stationary furnace sections — the muffle
grate and the ash grate — to support the coffin and the corpse parts to be inciner-
ated.

These have the disadvantage that after their incineration the corpse parts
have to be scraped from these surfaces by means of a scraping device. Such an
intervention into the incineration process does not constitute a dignified form of
cremation. Furthermore, the introduction of the scraping device into the furnace
provokes a considerable loss of heat by allowing cold air to enter the furnace
through the doors while they are open. The iron scrapers may also easily dam-
age the glowing brickwork.

This invention obviates the use of scraping and stoking devices in such a
way that the muffle grate which supports the coffin and the corresponding ash
grate can be pivoted from the outside around one or several axes, with the grates
being optionally split into several pivotable sections with an arbitrary orienta-
tion of the axes.

This makes it possible to remove totally or in part, from the outside without
opening the furnace, any remaining incineration residues from the muffle grate
and the ash grate without the use of scraping or stoking devices, in line with the
progress of the incineration, by simply pivoting the surfaces.

The drawing shows an example for the realization of the invention. We des-
ignate by m the muffle grate pivotable around an axis a, by b the ash grate, sub-
divided into separate surfaces f which can be pivoted individually around their
individual axes e.

The object of this invention may, in certain respects, be executed differently,
as long as the essence of the invention, namely the pivotable character of the
muffle grate and the ash grate, is maintained.

Patent claims:

1. Cremation furnace with pivotable grates characterized by the fact that the
muffle grate which supports the coffin and the ash grate are arranged in such a
way that they can be pivoted from the outside.

2. Cremation furnace according to Claim 1, characterized by the fact that the
muffle grate and the ash grate are divided into several surfaces which can be
pivoted individually.

Attachments: 1 sheet of drawings. [Document 152]

* * *
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4) Deutsches Reich. Published on 19 November 1936. Reich Patent Office.
Description of Patent No. 638582. Class 24 d. Group I. B 162300
V/24d

Day of publication of issuance of patent: 29 October 1936.
Wilhelm Basse of Hamburg. Transferred to: J.A. Topf & S6hne, Erfurt,
27.11.1937.

Incineration furnace
Patented in the German Reich from 9 September 1933.

The object of the present innovation is a device for incineration furnaces,
and it aims i.a. at an improvement of the combustion by a special way of feed-
ing the combustion air.

It is known that the air feed of incineration furnaces equipped with a grate or
a solid floor plate has deficiencies, and, in particular, these deficiencies are
caused by the fire path in the cremation chamber, resulting from the design of
the plate or the grate. Due to its massive construction, the floor plate has the ad-
vantage of storing heat. On the other hand, it has the great disadvantage that the
combustion air cannot reach the central parts of the matter to be combusted, be-
cause the disintegration [of the latter] can only take place on its periphery where
it is exposed to the oxygen. As the coffin with its central portions rests directly
on the floor plate, combustion in that area is incomplete or retarded. This disad-
vantage is eliminated by the grate. It enables the air to be moved to the center of
the burning coffin and thus to accelerate the incineration. In this case however,
there are problems as well:

1. As the grate is open, the gas distribution of the fuel gases within the muf-
fle can no longer be controlled.

2. During the incineration of the inner, combustion-resistant parts of the mat-
ter to be incinerated, excess air enters the furnace through the openings on the
sides of the grate, cooling down the furnace.

3. The grate has a low heat-holding capacity.

Still, furnaces with solid floor plates have been built with the combustion air
being blown from the side and from above by means of nozzles onto the object
to be combusted.

This kind of air feed is considerably more-effective, but we still have the
disadvantage that the object to be combusted is exposed initially to the combus-
tion air only at its top and sides; air supply to the bottom part of the combustion
object is, however, absent. It is at this point, though, that the air feed is highly
effective, because the flames generated there will envelop the combustion ob-
ject from all sides and thus enshroud it completely.

Hence, this invention plans to feed combustion air through nozzles mounted
in the floor plate. For that reason, the floor plate is equipped with valley-like
depressions which give it a grate-like appearance. The air nozzles are located
between the grate ridges.

It is expedient to build the floor plate from individual bricks that by their
shape and their arrangement confer a grate-like design to the plate. The bricks
are hollow to contain the compressed-air tubes. Air feed to the nozzles is de-
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signed in such a way that the nozzles can be controlled individually. For this
function, the nozzles can be arranged in groups.

If arranged in accordance with this invention, the compressed air coming
from the nozzles will create strong flames beneath the coffin, leading to a strong
heating of the grate plate and to a good storage of the heat on account of the
closed design of the floor plate. The latter effect is important because it contrib-
utes to a considerable reduction in the duration of any succeeding incinerations.

The drawing shows an example of the implementation. Fig. 1 is a vertical
section of the furnace and Fig. 2 is a top view of the floor plate.

Here, we designate as a the bricks making up the grate plate, b the support of
the furnace itself, c the muffle walls, d, di the compressed-air tubes, e the corre-
sponding conical gaskets, f the air channels in the bricks, g the air-discharge
holes in the nozzles.

In Fig. 2, the bricks are numbered 1 to 20.

The shaped bricks shown in the form illustrated here have slanted roof-like
surfaces on both sides which create the grate-like shape of the floor plate. The
nozzles set into these bricks open up into the depressions between the individual
bricks in such a way that the air jet strikes the combustion object directly. This
brings about the most-effective and most-economical use of the combustion air.
Moreover, the nozzles are staggered with respect to one another producing a
complete and uniform air feed about the matter to be combusted.

This arrangement has the additional advantage that, on account of the noz-
zles being set into the slanted surfaces of the grate plate, they are protected
against being accidentally covered by the combustion matter above. The nozzle
orientation, moreover, makes it possible, when the ash is recovered, to blow
away the fine fly ash, which is then sucked up by the draft of the chimney.

The channel-like depression f of the bricks (Fig. 2) can be limited to the
length of one brick, such as Bricks 6 and 10, or extended over several bricks,
such as Bricks 1 and 5 or Bricks 13 and 17.

In each of these cases, only one tube d; can serve for the adduction of com-
pressed air, whereas each separated brick must obviously have its own connec-
tion to the air feed.

The easily manufactured bricks can be replaced conveniently in the case of
any repair made necessary by heat wear or mechanical damage (emplacement of
the coffin), without loosening the constitution of the grate plate.

Patent claims:

1. Incineration furnace with a floor plate closing the lower part of the incin-
eration space and with air nozzles directed towards the incineration object,
characterized by the fact the floor plate consisting of shaped bricks (a) presents
a grate-like surface and by having nozzles (g) discharging into the depressions
between the grate ridges.

2. Incineration furnace in accordance with Claim 1 characterized by the fact
that the shaped bricks (a) are hollow for the insertion of the compressed-air
tubes.
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3. Incineration furnace in accordance with Claims 1 and 2 characterized by
the fact that the air nozzles (g) are arranged so as to be controllable individually
or in groups. [Document 153]

* k% %

5) Deutsches Reich. Published on 4 May 1938. Reich Patent Office. Description
of Patent No. 659405. Class 24 d. Group I. T 47769 V/24d

Day of publication of issuance of patent: 7 April 1938.
Hans Geerhardt of Erfurt has been named as the inventor.
J.A. Topf & S6hne in Erfurt.

Loading device for incineration furnaces
[Not translated, Document 154]

* * *

6) Duplicate. Patent application 760198. 5. Nov. 1942

J.A. TOPF & SOHNE ERFURT
4. Nov. 1942
To: Reich Patent Office, Berlin SW 61

Description
(Attachment 2 to today’s application)

Continually operating corpse-combustion furnace for large-scale operation

The collection camps in the occupied eastern territories set up on account of the
war and its consequences with their inevitably high mortality do not permit the
interment of the large number of deceased camp occupants. There is, on the one
hand, a shortage of space and labor, and, on the other, the risk of exposing the
vicinity, near or far, to the dangers presented directly or indirectly caused by
any burial of the deceased, many of whom have succumbed to infectious dis-
eases.

The need thus exists to eliminate safely, quickly, and hygienically the corps-
es occurring frequently in large numbers. In that case it is obvious that one can-
not proceed in accordance with the legal requirements in force in the Reich ter-
ritory. Hence, it is not conducive to incinerate only one corpse at a time, and
such a process cannot be carried out without post-heating or additional heating.
Rather, several corpses must be cremated together on a continual basis, and over
the total duration of the incineration process the flames must act directly on the
corpses to be cremated. A separation of the ashes of the corpses cremated con-
currently cannot be undertaken; the corpse ash can only be recovered en masse.
Hence, in the case of installations which serve as a means for the elimination of
corpses as described above, one cannot speak of a cremation (Eindscherung); in
fact, we are dealing with corpse combustion (Leichenverbrennung).

To carry out this combustion — in line with the viewpoints exposed above —
in some of these camps multiple-muffle furnaces were erected which still had to
be loaded and operated sequentially. For this reason, these furnaces are not en-
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tirely satisfactory, as the combustion in them does not proceed quickly enough
to permit the elimination of the large numbers of corpses generated continually
within a short period of time.

Such an objective can only be achieved by means of furnaces which can be
loaded continuously and operate in the same way. One might think for example
of tunnel furnaces. In such an installation, the corpses to be burned would be
loaded at the front of a long and internally heated furnace onto a moving device
which moves lengthwise through the furnace, with the corpses being conveyed
from a preheating zone into the combustion zone, and yielding the corpse ash at
the other end of the furnace. Such a construction, however, is rendered difficult
by the problem encountered on other occasions of keeping the moving metal
parts — exposed to the effect of fire or flue gases — continually in motion, even if
— as in the present case — these moving parts are covered to the extent possible
with fireclay or other refractory substance. A further difficulty — in the case of
combustion equipment operating, as in this case, with a draft, i.e. with different
air or gas pressures in the various sections — is the task of securing the moving
parts to the stationary ones to the greatest extent possible. Moreover, such units
would require a permanent supply of power to actuate the moving device. Final-
ly, the arrangement of the flue-gas ducts etc. would be complicated, which
means that, for all these reasons, tunnel furnaces are not recommended for the
combustion of corpses.

In an effort to avoid the disadvantages of muffle or tunnel furnaces while
conserving all the advantages of continuous loading and operation even in the
case of corpse-combustion furnaces, together with a most-efficient use of the
required fuel, this invention proposes a furnace operating continuously in
which, by avoiding structural elements which would have to move through
flames, the movement of the corpses introduced at the top end of the furnace
would take place automatically within the furnace. The corpses slide by gravity
into the heated furnace onto chutes shaped and inclined in a suitable manner and
then further down, catching fire in the process and finally burning out and turn-
ing into ash at an appropriate point within the furnace.

Fig. 1 shows the vertical section of an example of implementation.

Fig. 2 is Section A-B shown in Fig. 1.

The invention concerns, for example, a furnace with several internal chutes
inclined with respect to the horizontal — the drawing shows three such possible
chutes, labeled a, al, a2 — in a zig-zag-like arrangement. Each chute consists of
several longitudinal beams b made of fireclay, which are supported by arched
ribs ¢ mounted beneath for better service life. Between the longitudinal beams b
are located transverse bricks d in such a way that each chute surface is in the
form of a grate. The longitudinal fireclay beams rest with their upper end in the
external brickwork e of the furnace; the lower end is held by suitable refractory
brickwork arches f placed transversely. The upper chutes are individually sur-
mounted by a vault g, inclined from the horizontal as well, which possesses
openings. The covering of the front part of the uppermost chute does not contain
such openings.
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At the top, where a suitable platform h or similar has been arranged, the up-
permost chute has, at its top end, a sufficiently wide feed opening i which is
normally closed by a self-sealing trap k extending into the antechamber. The
corpses to be burned are loaded transversely through this trap onto the upper-
most chute a. In order to enable such a transverse loading to be effectuated, the
furnace is built to a corresponding width. The loading pace of the individual
corpses to be burned in the furnace is determined by the progress of the overall
combustion which is, as we have already stated, to be accelerated in the best
possible way by the configuration of the furnace.

At the lower end of the first chute a, the reversal point, a further chute al is
arranged followed by the succeeding one, a2, and at the lower end of the last
chute there is the horizontal fireclay grate | for the burn-out, with its ash-collec-
tion chamber below. In front of this burn-out grate there is the flame-generation
section n which can be designed at will as a flat grate, a stepped grate, a genera-
tor, a gas or oil heater or in some other way, depending on the fuel which has to
be used. The path of the flame and/or the combustion gas is arranged in such a
way that, aside from the burn-out grate I, the grate-like chutes and all perforated
vaults enable the flames and the combustion gases to move upwards. At the up-
per end of the furnace, opposite the loading opening i, we have the exit o of the
spent gases which are to be removed and taken to chimney p in a suitable man-
ner. Obviously, the flue gases can be led through an appropriate flue-gas pre-
heater (not shown) before entering the chimney in order to make use of the heat
they contain for preheating the combustion air.

On their way through the furnace, the corpses to be burned are exposed to
the flames and/or combustion gases moving in the opposite direction. Multi-part
fireclay slides g, set into the reversal points at the lower ends of the upper
chutes a, al, a2, and operable from the outside, allow the retardation or the in-
terruption of the passage of the corpses through the furnace. Moreover, suitably
arranged stoking openings r allow intervention from the outside in case of cak-
ing or adhesion of the objects to be combusted. To the greatest extent possible,
ash generated inside the furnace during combustion is to fall into the ash-collec-
tion chamber through the openings in the chutes a, al, a2 and in the ceiling
vaults. Any ash that might collect along the way on brickwork sections can be
removed from the outside through suitable ash-cleaning openings s. The major
portion of the ash will collect below burn-out grate | in the ash-collection cham-
ber mentioned where its surface is permanently exposed to the heating gases in
such a way that any uncombusted remains of the objects to be burned can keep
on burning and burn out in this ash space. Through appropriately arranged air
channels t opening to the inside of the furnace sufficient air supply along the
whole way of the combustion objects through the furnace is assured for the
promotion of the combustion process of the corpses. This air may also be pre-
heated in a flue-gas/air preheater (not shown in the drawing). The supply of cold
or preheated air may be performed under pressure in order to obtain at all times
good turbulence of the flue gases.

It is also possible to equip the furnace, at the locations where stoking open-
ings r, as shown in fig. 1, are provided, with additional loading openings i with
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self-sealing traps k, if the furnace is to be operated at a reduced capacity from
platforms located there. In that case, depending upon the desired degree of ca-
pacity reduction, one or both of the multi-part fireclay slides g can be closed.

Patent claims:

1.) A continually operating corpse-combustion furnace for large-scale use,
characterized by the fact that within it are arranged several grate-like chutes
(a, a1, a2), inclined longitudinally against the horizontal, following one an-
other in a zig-zag-like manner; upon them, the corpses to be burned, fed
through the upper loading gate (i) and entering the furnace and descending
under their own weight, are ignited by the combustion gases which move in
the opposite direction, [with the corpses] burning out and turning into ash
upon the ash grate (I) placed at the lower end of the lowermost chute (a2).

2.) A furnace in accordance with Claim 1.) characterized by the fact that the
chutes each consist of several fireclay beams (b) with transverse supporting
bricks (d) between them, the beams being supported by arched ribs (c) lo-
cated below them.

3.) A furnace in accordance with Claims 1.) and 2.) characterized by the fact
that the upper chutes (a, al) are surmounted by perforated vaults (g).

4.) A furnace in accordance with claims 1.) to 3.) characterized by the fact that
ash-removal openings (s) are installed above each of the vaults (g).

5.) A furnace in accordance with Claims 1.) and 2.) characterized by the fact
that at the reversal points at the lower ends of the upper chutes (a, al) fire-
clay slides (q) moving and operated sideways have been arranged to slow
down or interrupt the passage of the corpses.

6.) A furnace in accordance with Claims 1.) to 4.) characterized by the fact that,
within the chutes, channels (t) have been arranged for additional air supply.

7.) A furnace in accordance with Claims 1.) to 6.) characterized by the fact that
instead of stoking openings (r) introduction gates (i) with self-sealing
dampers (k) have been arranged in order to be able to feed and operate the
furnace at reduced rates from platforms located there. [Document 155]

* * %

This patent application is the revised and corrected version of an application
dated 26 October which mentions Fritz Sander, chief engineer of Topf, as being
the inventor. | refrain from publishing this latter document, because the copy in
my possession is of very poor quality.2% I shall return to Sander’s project later
(cf. Section 7.4.1.).

* * *

106 APMO, BW 30/46, pp. 7-14.
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7) Deutsches Reich. Published on 19 March 1930. Reich Patent Office.
Description of Patent No. 494136. Class 24 f. Group 10. T 35607
V/24f

Day of publication of issuance of patent: 6 March 1930.
J.A. Topf & S6hne in Erfurt.

Retractable slag-grate for hearths with air-feed from below.
Patented in the German Reich from 22 August 1928.
[Not translated, Document 156]

* * %

8) Deutsches Reich. Published on 24 May 1933. Reich Patent Office.
Description of Patent No. 576135. Class 24 f. Group 1202. T 39364
V/24f

Day of publication of issuance of patent: 20 April 1933.
J.A. Topf & S6hne in Erfurt.

Plate-grate with nozzles
Patented in the German Reich from 27 August 1931.
[Not translated, Document 157]

* * %

9) Deutsches Reich. Published on 31 October 1933. Reich Patent Office.
Description of Patent No. 587149. Class 24 f. Group 10. T 35607
V/24f

Day of publication of issuance of patent: 12 October 1933.
J.A. Topf & S6hne in Erfurt.

Process and furnace for the recovery of lead and pieces of wires from cables
Patented in the German Reich from 29 September 1932.
[Not translated, Document 158]

* * %

10) Duplicate. Patent application 789491, 17.11.1942

J.A. Topf & Sohne Erfurt
16.11.42
To: Reich Patent Office, Berlin SW 61

Description:

Air-cooled grate plate for mechanical push grate.
[Not translated, Document 159]

* k%

The last known patent of the Topf Company dates from the early 1950s after the
company had moved to Wiesbaden.
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* * *

11) Bundesrepublik Deutschland. Issued on the basis of the First Transfer Law
of 8 July 1949. (WIGBL [Gazette for Economic Laws] p. 175).
German Patent Office. Description of Patent No. 861731, Class 24d,
Group 1, T 1562 V/24d

Martin Klettner of Recklinghausen has been named as inventor.
J.A. Topf & S6hne, Wiesbaden.

Process and device for the combustion of corpses, carrion, or parts thereof
Patented in the territory of the Federal Republic of Germany from 24 June 1950.

Patent application published on 31 October 1950.

Patent issuance published on 13 November 1952.

The invention concerns a process for the burning of corpses, carrion, and
parts thereof by combustion air heated in a recuperator as well as a device for
the implementation of the process.

Nearly all incineration processes known today employ combustion air heated
in a recuperator for the burning of corpses. In line with all combustion processes
of heat technology, the combustion process has to be facilitated by preheating
the air to very high heat levels, thus increasing the combustion temperature.

The heating value of a corpse, or its combustion value, has in the past been
judged basically on the fat content of the corpse. Some of the CH (hydrocarbon)
compounds (fats) exhibit very low ignition temperatures and burn at very high
temperatures. As opposed to this, in the absence of pure fats, i.e. of pure CH
compounds, it has so far been impossible to burn exothermally the CH com-
pounds containing N (nitrogen) present in the proteins. The proteins with their
rather high N content (some 25%) resist combustion most-strongly. Their igni-
tion temperature is around 800°C.

At the air temperatures of 400 to 500°C used so far, the nitrogen component
of the proteins thus could not be made to lose its resistance to combustion.

It is known that only under the influence of air at 800 to 900°C can the sepa-
ration of N from the CH compounds be achieved, even though the proteins are
not constituted by a chemical compound of N + CH but only by one of the loose
combinations of N, in line with the way this somewhat inert gas has been
known to behave. One may assume that a certain amount of heat is consumed
for the removal of N. However, we will never be required to produce the large
amount of heat required to remove N from a true chemical compound. Moreo-
ver, the combustion of the CH compounds contained in the proteins releases
nearly the same amount of heat as would be released by the combustion of
equivalent amounts of pure CH compounds.

For a human corpse of about 70 kg, containing some 12 kg of C, some 2 kg
of Hy, and about 0.5 kg of P, as well as some 55.5 kg of H,O and N, we can cal-
culate a minimum heating value of about 160,000 caloric units [kcal], to which
the fuel value of the coffin must be added.

The ultimate objective of the cremation thus had to consist in taking the re-
quired amount of combustion air to a temperature of 800 to 900°C without any
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additional fuel consumption, solely by using the flue gases, in order to com-
pletely burn the considerable amounts of CH contained in the proteins yet
linked to N, and so to allow the combustion of any human corpse without any
additional supply of heat merely by the conversion of the amounts of energy
contained therein.

This objective has been reached by means of the incineration process out-
lined for this invention. Not only has it been possible to generate the heat re-
quired for the evaporation and removal of the water contained in the corpse, but
also the heat needed for the combustion and the incineration of the corpse itself.
Even if the heat lost in the waste gases is considered, significant amounts of
heat still remain available to heat the furnace and/or maintain its state.

A process as discussed earlier on and as part of the invention is implemented
in such a way that the corpse with its coffin is located on a grate in the muffle
and exposed to an air current heated in a recuperator by a supply of heat gener-
ated by means of fuel and/or exposed to the radiant heat of the hot muffle walls
for a sufficiently long time to ignite the coffin and the corpse, made combustible
by the evaporation of its water content, decomposes, with the remnants burning
out exothermally on a rather-small ash grate located below under the influence
of the necessary combustion air which is heated by recuperation to 800 to
900°C mainly by making use of the heat value of the corpse parts. The combus-
tion gases thus generated flow out, downwards through the burn-out grate, and
mix with hot combustion air fed below the burn-out grate in order to burn the
volatile components completely. The combusted gases then move directly into a
recuperator, where they transfer their heat content to the combustion air such
that the combustion can be maintained without any further supply of fuel.

The illustration shows a furnace for the implementation of the process.

Muffle A, of a size suitable for the coffin sizes involved and built in the
standard dimensions, is effective as a combustion chamber, in terms of fuel
economy, only provided the muffle volume is completely filled by the combust-
ing gases. The early phase of the combustion process, which takes place exclu-
sively in the muffle, must be terminated as such and become a drying process
when the grate, consisting of only two stones, allows the remaining body parts
to drop under their own weight into the actual small combustion chamber B lo-
cated above the pivotable grate. This [terminal] point is reached when the coffin
has been consumed and the head and limbs fall off. This process in the muffle
requires about 20 to 30 minutes.

In the small combustion chamber, the air heated to 800 to 900°C mixes inti-
mately with the as-yet-uncombusted proteins, removes the N from the CH com-
pounds, and burns the CH completely at temperatures of up to more than
1,200°C. This true combustion process takes between 10 and 15 minutes. The
pivotable plate can be turned, and the remaining ash falls into the third combus-
tion space above ash grate C.

The necessary combustion air is heated in an air heater D made of fireclay or
of metal to 800 to 900°C. On start-up, a hot-air gas burner E generates combus-
tion gases at 1,200 to 1,300°C to preheat the air heater. Controlled amounts of
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air are fed into the muffle above the pivotable plate and below the ash grate.
The hot-air gas burner, too, is supplied with combustion air at 600°C max.

As soon as the furnace has reached a steady state, the gas burner is switched
off, and heating of the air heater takes place only by the waste gases which can
be very hot during the actual combustion on the pivotable grate where the pro-
teins burn actively.

The new process allows reducing the overall duration of the incineration by
up to 45 minutes, with 30 minutes being often observed.

The ash quality can be called entirely combusted, free of germs; it has such a
low volume that the normal urn will rarely be filled completely.

Patent claims:

1. A process for the combustion of corpses, carrion, and parts thereof by
means of combustion air heated in a recuperative manner, characterized by the
fact that the corpse with the coffin, in a muffle and resting on a grate of beams,
is exposed to an air current heated in a recuperative way by making use of a fuel
and/or exposed to the radiant heat of the hot muffle walls until the burning cof-
fin and the corpse, made combustible by the evaporation of its water content,
fall apart. The parts burn out exothermally on the small burn-out grate located
below, with the necessary combustion air being heated to 800 — 900°C in a re-
cuperative manner primarily by the combustion heat of the body parts. The
combus