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Olive O1l Pressing Waste as a Fuel
Source in Antiquity

ERICA ROWAN

The recovery of large quantities of fragmented carbonized olive stones from archaeo-
logical sites around the Mediterranean indicates that olive oil pressing waste (pomace)
was used as a domestic and industrial fuel source throughout antiquity. Olive pomace
burns at a high and constant temperature, making it an ideal fuel for heating and
cooking as well as firing pottery and lime kilns. The Roman period is characterized
by an expansion in pomace use both quantitatively and geographically. Beginning
in the first century C.E., pomace fuel was introduced into new urban markets and
began to play a larger role in industrial production. This article highlights the history
of pomace use in antiquity, focusing primarily on the changes that took place during
the Roman period. The article also seeks to establish a set of identification criteria
that will enable archaeologists to distinguish pomace residue from other sources of
carbonized olive stones, including ritual and table waste.'

INTRODUCTION

While wood and charcoal were undoubtedly the most widespread and com-
monly used fuels in antiquity, they were not the only sources of fuel, nor were
they always the least expensive or the most favored. Cereal chaff, dung, coal,
and animal fats, among others, were also used.? There is growing scholarly
recognition of the use of secondary fuels in the ancient world, particularly
with reference to the production of a specific good, such as pottery.® Olive oil
pressings—so-called press cake, or pomace,* the solid material that remains
after the oil is collected—provide an underrated yet highly archaeologically
observable example of these secondary fuels. The carbonization process
turns material into a mass of carbon that does not decompose, is impervious
to microbial attack, and does not react with other minerals and chemicals.’
Thus, the burning of pomace leaves behind fragments of carbonized olive
stone, which are durable and invulnerable to decay.

'Tthank especially Andrew Wilson for his continued assistance, as well as Mark Robin-
son and the anonymous reviewers for the AJA for their helpful comments on an earlier
draft of this article. I am grateful to Nicolas Monteix and Robyn Veal, who shared their
research with me and offered valuable advice. An audience at the “Fuel and Fire in the
Ancient Roman World” conference at the British School at Rome provided useful feed-
back on the presentation of an early version of this paper, as did discussions with Anaya
Sarpaki and C. Margaret Scarry at the 2013 International Work Group for Palaecoethno-
botany conference in Thessaloniki. Finally, I would like to thank the Herculaneum
Conservation Project and the Soprintendenza Speciale peri Beni Archeologici di Pom-
pei, Ercolano e Stabia for allowing me to study their material and Maxine Anastasi for
the creation of the fig. 3 map. The opinions expressed here and any remaining errors
are my own. Figures are my own unless otherwise noted.

?Dearne and Branigan 1995; Wikander 2008, 139; Wilson 2012, 149.

3Smith 1998; Monteix 2009; Lewit 2011, 318-22.

*Olive oil pressings are also commonly referred to as jift (Arabic) or grignons (French)
in many ethnographic studies, while modern scientific articles often refer to them as
olive pomace or olive mill cakes (Galili et al. 1997; Tekin and Dalgic 2000; Mekki et al.
2006). For a detailed list of olive pressing waste terminology, see Niaounakis and Halva-
dakis 2006, table 1.5.

SHillman et al. 1993, 95; Fraser etal. 2013, 4755.
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Large quantities of carbonized olive stones, usu-
ally acknowledged as a sign of pomace fuel use, have
been recovered from sites throughout the Mediterra-
nean and Middle East. Pomace began to be used as a
fuel source in the Early Bronze Age (see the section
“Archaeobotanical Finds of Pomace Fuel from the
Pre-Roman Period” below), was used continuously
throughout antiquity, and is still used even up to the
present day. Yet not all peoples and civilizations in
antiquity used pomace fuel in the same way and to
the same extent. The Roman period, defined here as
the second century B.C.E to the fourth century C.E.,
differs from previous eras in that it saw an increase in
pomace fuel use due to greater demand, particularly
for industrial purposes. By synthesizing and combining
the existing data with new information from Hercu-
laneum, this article focuses on the industrial and do-
mestic uses of pomace within the Roman empire, thus
enhancing the way we understand the exploitation of
this by-product geographically, chronologically, and
economically. Moreover, the article looks at the histori-
cal record and published archaeobotanical material
to clarify the criteria required for the recognition of
pomace fuel use in the field.

Pomace is composed of olive flesh, skin, stones (en-
docarp), and seeds (fig. 1), containing 3.5-12.0% olive
oil and 20-30% water.® It is generated in large quanti-
ties during olive oil production, with the pressing of
1 ton of olives producing 350-400 kg of pomace and
200 liters of olive o0il.” While both the Roman authors
and ethnographic studies have shown that pomace can
be used as fertilizer for olive groves and as fodder for
livestock, the chief use for pomace in modern olive
oil producing regions, including Jordan, Israel, Spain,
and Tunisia, is as a source of fuel.®

Turning pomace into a viable fuel source is a sim-
ple procedure and, as pomace is a by-product of olive
oil production, it requires no extra effort on the part
of the manufacturer. After olive pressing, pomace is
sun dried to reduce the high water content. Drying is
done either by spreading the pomace flat or by shap-
ing it into bricks or balls. In present-day Jordan and
Israel, pomace is pressed by hand into 8-12 cm balls
and dried on floors or rooftops.” Covering pomace
with fresh or salted water in a pit will prevent it from

®Karapmar and Worgan 1983, 185; Cappers and Neef 2012,
241. Ancientand modern presses are equally as efficient at ex-
tracting the olive oil. Modern presses are faster only because
they can exert more pressure on the press bed (Mattingly
1988a, 182).

"Mekki et al. 2006, 1419; Niaounakis 2011, 414.

8Cato, Agr 37.2; Attom and Al-Sharif 1998, 220; Niaounakis
and Halvadakis 2006, 15; Cuomo di Caprio 2007, 490.

YWarnock 2007, 48-51.

FIG. 1. Cross-section of an olive (Olea europaea L.), showing,
from the exterior to the interior, the epicarp (skin), meso-
carp (flesh), endocarp (stone), and seed (Cappers and Neef
2012, fig. 71; courtesy R.T.J. Cappers).

becoming rancid for up to six months.' The water not
only preserves the olive waste but also prevents large
piles of pomace from spontaneously combusting. In
modern Syria, olives are pressed in the winter and
stored in water to be dried in the heat of summer."
Pomace can be preburned and turned into charcoal
pomace, although according to ethnographic studies
of the 1960s and 1970s, this method does not seem to
have been widespread.'? In Moknine (Tunisia), pot-
ters occasionally used preburned pomace.” Whether
charcoal pomace was used during the Roman period
remains uncertain.'

In modern times, dried pomace is far more common
than charcoal pomace, as it is more manageable with
respect to use and transport. Dried pomace can be used
for cooking and heating when placed on open grills or
braziers. It has a calorific value of 5,360 kcal/kg, and
although this is lower than wood charcoal (7,350 kcal/
kg), when used in a small stove, 4-5 kg of pomace will
burn for 12 hours."

10 Avitsur 1994, 127.

""M. Moutot, “Syrians Make Olive Fuel for Winter Heat-
ing,” The Daily Star, 19 September 2012, www.dailystar.com.
Ib/News/Middle-East/2012/Sep-19/188505-syrians-make-
olive-fuel-for-winter-heating.ashx.

12Sethom 1964; Matson 1972.

Y Sethom 1964.

" New research using reflectance testing will, it is hoped,
be able to differentiate between dried pomace fuel and char-
coal pomace. This would enable us to determine whether
olives recovered from the early Herculaneum excavations
were carbonized before or during the 79 C.E. eruption of Ve-
suvius. For a list of early carbonized finds from Herculaneum,
see Borgongino 2006.

“Warnock 2007, 47-51. Warnock does not specify whether
this energy content s for dried or charcoal pomace, although
it is likely for dried pomace. Since charcoal has a higher en-
ergy content than raw wood, it can be assumed that charcoal
pomace would also have a higher energy content than dried
pomace.
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The burning properties of dried pomace make it a
viable alternative to charcoal and in some cases even
the preferred type of fuel. Pomace flame burns at a
high and more consistent temperature for a longer
period of time than wood charcoal.'® It also burns with
an odorless and almost smokeless fire, which is a de-
sired characteristic when used indoors for cooking or
heating.!” Ethnographic work by Sethom and Matson
found that the modern potters in Messenia (Greece)
and Moknine (Tunisia) preferred pomace over wood
charcoal when firing their kilns, as the pomace burns
with little ash and the high temperature reduces firing
time.'® At Thrapsano in Crete, potters stated that 2.5
tons of olives will fuel a kiln 2.5 m in diameter for 10
hours at 1,000°C." Finally, in Turkey, where much of
the olive oil is still produced using traditional methods,
the pressing waste is used as a fuel in the olive oil mills
and in bakeries.?” Thus, pomace has been, and still is,
used in a range of industrial and domestic activities.

IDENTIFICATION OF POMACE IN THE
ARCHAEOLOGICAL RECORD

When pomace is used as fuel, it leaves readily iden-
tifiable traces in the archaeological record. Carboniza-
tion experiments have demonstrated that the burning
of whole olives and dried pomace causes the olive flesh
and skin to turn to ash, usually leaving behind only the
carbonized endocarp.?! The question becomes, how is
pomace fuel to be distinguished from olives burned
for ritual purposes or as table waste or carbonized dur-
ing accidental fires?

When combined, the key identifying features of
pomace fuel are the fragmentary nature of the en-
docarps, the concentration of the fragments, and, of
course, their context.?? Cato (Agr. 66.1) and Columella
(Rust. 12.52.6-7) both claimed that crushing the ol-
ive stones during milling would spoil the flavor of the
oil. However, modern experimental work has proven
that crushing the stones has no effect on the flavor of
the oil and furthermore that it is impossible to use a

“Warnock 2007, 47-8.

"Brun 2003, 183.

8Sethom 1964; Matson 1972.

“T.-P. Brun, pers. comm. 2014.

? Doymaz et al. 2004, 214. During olive oil production,
pomace is used to heat the water thatis poured over the press
beds to release additional oil (Foxhall 2007, 133-34). In pot-
tery production, itis used to fire the kilns.

2 Adam-Veleni and Mangafa 1996; Margaritis and Jones
2008a, 2008b. The pulp and epidermis can survive, but it is
rare, and the epidermis will often disintegrate during flota-
tion (Margaritis and Jones 2008a, 397).

#Neef 1990; Adam-Veleni and Mangafa 1996; Margaritis
and Jones 2008a; Margaritis 2013, 749.

trapetum, or rotary-type mill, without crushing most of
the stones.? Thus, finds of carbonized, fragmented
olive stones can indicate olive oil production. How-
ever, olive stones could also become fragmented in
antiquity as a result of postdepositional factors such
as trampling and/or may be broken during modern
recovery when undergoing flotation.** Additional ex-
perimentation on modern and archaeological olive
stone specimens has suggested that the presence of
rounded edges on the endocarp fragments indicates
breakage prior to deposition, while sharp edges in-
dicate breaks that occurred during excavation and
sample processing.” Recent work by Marinova et al.
has attempted to determine the impact of heat on the
endocarp fragment edges, but their results are in the
early stages and are not yet conclusive.?
Consequently, it is the quantity of carbonized frag-
ments that helps confirm the presence of pomace
fuel. It is important to note that many of the endo-
carp fragments will turn to ash during the burning
process, and subsequently, from an archaeological
perspective, the few fragments that survive represent
only a small proportion of the total amount of pomace
that was originally burned.?” Thus, the accumulation
of large quantities of olive stones probably represents
repeated burning events on a habitual basis. While it
would be pointless to try to assign a minimum num-
ber of fragments as an indicator of fuel, the presence
of a concentrated quantity of carbonized fragmented
endocarps in a single sample, context, or area of the
site helps suggest the burning of pomace fuel rather
than discarded table olives, food preparation, or ritual
waste. For example, 4,033 olive stone fragments were
recovered from a single 40 liter soil sample from the
Cardo V sewer in Herculaneum (fig. 2), while almost
all of the 2,195 olive remains found during the clean-
ing of Bakery 1.12.1-2 at Pompeii were recovered from
asingle room (contexts described in the section “The

ZTyree and Stefanoudaki 1996; Warnock 2007, 75-8; Mar-
garitis and Jones 2008a, 397-99. Since milling will crush most
but not all of the stones, a sample containing a mixture of
whole and fragmentary olives should not immediately be
ruled out as evidence for olive oil pressing waste.

#Bookidis et al. 1999, 20; Margaritis and Jones 2008a, 397.
In some cases, fragmentation can occur as a result of both
milling and trampling, as in the olive stones recovered from
the flour-milling rooms in the bakeries at Pompeii (Monteix
2009).

% E.g., breaks that would occur during flotation (Neef
1990, 298).

*Marinova etal. 2011.

2"Mason 2007, 333; Warnock 2007, 47.

*¥Margaritis and Jones 2008a, 397. The presence of scatters
of carbonized olive stone fragments is discussed in the section
“Domestic Uses of Pomace.”
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FIG. 2. Fragments of carbonized olive stones from the Cardo
V sewer, Herculaneum.

Use of Pomace in the Roman World”).? Only 1.35%
and 1%, respectively, of the olive stones recovered from
these two assemblages were whole. The quantities of
endocarps are too large to represent either table waste
or burnt offerings, while the high degree of fragmenta-
tion is indicative of milling during olive oil production.

Finally, the context must be considered. Is there
evidence for olive oil production nearby? Is the con-
text associated with a known location of pomace use,
such as kilns, oil presses, or domestic spaces? Is this the
only context to produce charred and fragmented olive
stones? How likely is it that the olive stones from this
context were subject to postdepositional trampling?
Addressing this final question is important, as there
are times when it is impossible to distinguish trampled
table waste from fuel waste.

The archaic site of Azoria in Crete is a prime ex-
ample of the way in which the use of pomace and the
consumption of table olives can be distinguished from
each other in the archaeological record. A single olive
press supplied the town with olive oil. Fragmentary car-
bonized olive endocarps were found in a hearth in the
oil press room as well as on the floor surfaces of houses
throughout the site. The olive remains from the press
room were found in a context associated ethnographi-
cally and historically with pomace fuel use; in addition,
they were numerous and highly fragmented with dull,
rounded edges, almost certainly indicating fuel waste.
The olives found on the floors of the houses, while
also fragmented, were present in smaller quantities

#Monteix 2009, 331; Coubray et al. 2013.

and were recovered along with grains, pulses, and
grapes.” While it is probable that pomace was being
used as fuel in the houses,” trampling cannot be ruled
out as a possible source of fragmentation, and thus
in the household assemblages it cannot be known for
certain which olives represent food debris and which
represent fuel waste. Consequently, although frag-
mentation, quantity, and context are key indicators
of pomace fuel use, each assemblage of olive stones
must be evaluated on an individual basis.

The interchangeability of wood charcoal and dried
pomace means that pomace can appear in almost
any context in which it is reasonable for charcoal to
appear.” While the use of pomace expanded during
the Roman period both geographically and quantita-
tively, secure archaeobotanical evidence for pomace
fuel on Roman sites is heavily biased toward industrial
contexts. Although the ratio of domestic to industrial
contexts demonstrating the use of pomace fuel is be-
ginning to equalize, it is important to recognize that
the full range of Roman-period contexts has not yet
been uncovered. Pomace use during the pre-Roman
period and the associated archaeological contexts are
better understood and more varied than for Roman-
period sites, probably because of more extensive sam-
pling for archaeobotanical remains. Thus, the follow-
ing section, highlighting pomace use in antiquity up
until the Roman period, is intended to aid the reader
in distinguishing, as much as possible, pomace fuel
residue from other contexts containing carbonized
olive stones.*®

ARCHAEOBOTANICAL FINDS OF POMACE FUEL
FROM THE PRE-ROMAN PERIOD

This section reviews archaeobotanical finds of pom-
ace fuel from around the Mediterranean; evidence
dating from the third millennium B.C.E. to the sec-
ond century B.C.E. is considered so that pomace use
during the Roman period can be understood against
this broader chronological background. The list, as
shown in table 1, is by no means exhaustive, and only

% Haggis etal. 2011, 7-11, 43-6.

*Scarry etal. 2013.

*The only exception is iron smelting, as iron has a melt-
ing point of 1,538°C. Biomass fuels, including dried pomace,
can reach a maximum furnace temperature of only 1,400°C,
while charcoal can reach temperatures of more than 1,600°C
(Rehder 2000, 7).

# It should be kept in mind that meeting these three crite-
ria is not always enough to distinguish pomace fuel use from
dining waste, especially in contexts where postdepositional
trampling is a possible cause of fragmentation. For a good ex-
ample where fragmented olive stones could be fuel or kitchen
waste, see Bookidis et al. 1999, 26.
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TABLE 1. Sites with archaeobotanical evidence for pomace fuel use.

Use of
Site and Location Date Pressings Reference(s)
Tel Yarmouth, Israel 3100-2300 B.C.E. D Salavert 2008
Chamalevri-Tzambakas House, 2160-1900 B.C.E. D Sarpaki 1999
Crete
Tell Tweini, Syria 1600-1100 B.C.E. D Bretschneider and Van Lerberghe
2008; Marinova et al. 2011
Tufariello (Buccino), Italy 1800-1400 B.C.E. P Holloway 1975
Mochlos, Crete 1700-1400 B.C.E. D Hamilakis 1996;
Sarpaki and Bending 2004
Maroni (Vournes), Cyprus 1300 B.C.E. (@] Hadjisavvas 1996
Azoria, Crete 630-480 B.C.E. O/D Haggis et al. 2011
Ayia Varvara-Almyras, Cyprus 600 B.C.E. D Fasnacht et al. 1996;
Kassianidou 1998
Vrasna, Macedonia 500-300 B.C.E. O Adam-Veleni and Mangafa 1996
Kopetra (Mari), Cyprus 500-300 B.C.E. O Hadjisavvas 1996
Corinth, Greece 450-400 B.C.E. S/D Bookidis et al. 1999
Tria Platania, Greece 4th-2nd c. B.C.E. D Margaritis and Jones 2008a
Maresha, Israel® 2nd c. B.C.E. O Kloner and Sagiv 2003
Pergamon, Turkey" 2nd c¢. B.CE—-6thc. CE. P Erdemgil and Ozenir 1982
Karanis, Egypt* late 1st-mid 3rd c. C.E. Dr Husselman 1952; Ault 1999
Leptiminus (site 290), late 1st=3rd c. C.E. P Smith 2001;
Tunisia® Stirling and Ben Lazreg 2001
Pompeii (bakeries 1.12.1- Ist c. B.C.E-79 C.E. B Monteix 2009;
2, VIL.1, 25.46-47), Italy* Coubray et al. 2013
Pompeii (Insula VI.1), Italy* 2nd c. B.C.E.-79 C.E. D Ciaraldi 2007
Murphy et al. 2013
Herculaneum (Cardo V sewer), 69-79 C.E. D Robinson and Rowan 2015
Italy®
La Garde (Roman villa), late 1st/early 2nd— O/BA Brun et al. 1989
France® mid 3rd c. C.E.
Carthage, Tunisia® mid 2nd-6th c. C.E. P (lime?) Ford and Miller 1976
Leptiminus, Tunisia® late 3rd—4th c. C.E. P Smith 1998
Sepphoris, Israel 363-640 C.E. G Fischer 1999
Carthage, Avenue Habib 439-533 C.E. D Stewart 1984;
Bourguiba, Tunisia van Zeist 1994
Carthage, Tunisia later 5th—early 7th c. CE. D Hoffman 1981, 1982
Leptiminus, Tunisia 6th c. C.E. P Smith 1998
Oudhna, Tunisia late 6th—7th c. C.E. P Barraud et al. 1998;
Lewit 2011
Androna (al-Andarin), Syria mid 6th c. C.E. P Mango 2011

B = bakery; BA = bath complex; D = domestic context; G = glass furnace; O = olive oil pressing; P = pottery kiln; S = sanctuary

Site dates to the Roman period.
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sites that contain a sufficient number of carbonized
olive stone fragments, within a proper context, have
been included (fig. 3).** The precise number of whole
and fragmented olive stones is not always recorded in
the publications, but whenever possible, the listed sites
are those in which the excavators themselves believe
there to be sufficient evidence for pomace fuel use.
The differences between wild and domesticated ol-
ives cannot be determined by charcoal, olive stones,
or pollen analysis (although new genetics research is
ongoing),” and therefore at early sites it is helpful to
have evidence of large-scale pressing equipment if the
remains of carbonized olive stones are to confirm the
association with fuel use rather than food consump-
tion.*® The first observable instance of pomace as a
regular fuel source comes from the Early Bronze Age
site of Tel Yarmouth in Israel. Three areas of the site
were extensively sampled, and the olive stone mate-
rial (whole and fragmented endocarps) constituted
31% of the total archaeobotanical assemblage. The
sampled areas included two domestic and one pala-
tial complex, suggesting that even at this early date,
pomace fuel was being used for domestic purposes.”’
Olive cultivation and olive oil production spread
throughout the eastern Mediterranean during the
Bronze Age (see fig. 3) .*® Archaeological and archaco-
botanical evidence indicate that pomace, in addition
to acting as a domestic fuel source, was now being
used in oil, pottery, and even bronze production.
The Protoapennine B (ca. 1800-1400 B.C.E.) site of
Tufariello in Buccino (Italy) had an ashy layer con-
taining 15 hearths related to pottery production. The
recovery of olive fragments (ca. 85 olive stones) in
a single environmental sample from this ashy layer

*The chart does not include sites where only artifactual or
structural evidence for olive oil production has been identi-
fied, although even in the absence of botanical finds itis prob-
able that pomace was used nearby in some capacity. See, e.g.,
Mattingly 1988b; Ault 1999; Fentress 2001; Riley 2002.

* Runnels and Hansen 1986; Liphschitz et al. 1991; Terral
etal. 2004; Simchoni and Kislev 2006; Breton et al. 2009.

% Smaller forms of equipment, such as a mortar and pestle,
could be used to crush the olives, although olive oil produced
on such a small scale would not generate enough pomace to
be used as a regular source of fuel (Warnock 2007, 72-5).

% Salavert 2008, 55-8.

* Although the wild olive (Olea europaea var. sylvestris) is
native to certain regions of Spain, there is little evidence to
suggest that olives were cultivated there before the Roman pe-
riod. Much of the recent work on the spread of the olive and
olive oil cultivation in Spain has focused on using morpho-
metric analysis to distinguish between the wild and cultivated
varieties, and thus details concerning the creation of an as-
semblage of carbonized olives are often absent from publica-
tions (Rodriguez-Ariza and Moya 2005, 2010).

suggests that pomace fuel was being used to fire the
pottery.* Similarly, at the Late Minoan I site of Mo-
chlos in Crete, a large concentration of fragmented
olive stones was found inside a room used for bronze-
working, leading to the hypothesis that pomace was
used to heat the metal.* The Late Cypriote IIC (ca.
1300 B.C.E.) site of Maroni on Cyprus is an early ex-
ample of the use of pomace in the production of ol-
ive oil, as olive stones were found in an ashy layer on
the floor of a press room next to the trough used to
collect the oil.* Interestingly, at a Hellenistic olive
oil press site in Kopetra, Cyprus, a large quantity of
carbonized olive stones was also found on the floor of
a press room near the collecting vats, indicating the
continued use of pomace fuel in association with olive
oil production in Cyprus throughout the centuries.*

There is a notable decline in the number of sites
producing large quantities of carbonized olive stones
during the Iron Age. The decline might be due to sev-
eral historical factors, the collapse of the Mycenaean
palaces and so forth, but it is equally probable that it
is the result of excavation bias.**

The use of pomace as fuel in the production of
olive oil continued during the Hellenistic period,
as illustrated by the site of Vrasna in Macedonia.**
Pomace also continued to be used in a variety of
domestic settings, including a rock shelter at Ayia
Varvara-Almyras (Cyprus) and the dining rooms at
the Sanctuary of Demeter and Kore at Corinth.* The
large rural farmstead at Tria Platania in Greece, al-
though it had no press of its own, was using pomace
for cooking and heating. Approximately 2,976 frag-
ments were recovered from a single sample, while
more than 13,868 fragments were recovered from a
single pit. The absence of press equipment at the site
suggests that pomace was available for sale in rural
areas and that there was beginning to be a market
for this by-product.” Thus, by the start of the second

*Holloway 1975, 56, 77-80.

*Hamilakis 1996, 3; Sarpaki and Bending 2004, 126.

1 Hadjisavvas 1996, 64.

*Hadjisavvas 1996, 67.

#1In Greece, only 16 sites, dated to between 1050 and 500
B.C.E., have been subject to archaeobotanical investigation
(Megaloudi 2006, 77-9; Margaritis 2007).

# Adam-Veleni and Mangafa 1996; Foxhall 2007, 133. Evi-
dence of pomace has also recently been found in the press-
room of a Classical/Hellenistic-period olive oil press in Keos,
Greece (Karnava etal. [forthcoming]).

®Fasnacht et al. 1996, 102; Kassianidou 1998, 234; Booki-
dis et al. 1999, 26. It is possible the sanctuary remains repre-
senta combination of fuel and food waste.

o Margaritis and Jones 2008a, 399. Olives may have been
grown at Tria Platania and pressed elsewhere. We do not know
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FIG. §. Sites throughout the Mediterranean demonstrating evidence for pomace fuel. Spain is notably absent from this
map. Other gaps in the map, particularly Algeria, are probably due to an absence of survey, excavation, and recording
of environmental samples: 1, La Garde, Var; 2, Herculaneum (Cardo V sewer); 3, Pompeii (bakeries and Insula VLI);
4, Tufariello (Buccino); 5, Vrasna; 6, Tria Platania; 7, Corinth; 8, Chamalevri-Tzambakas House; 9, Azoria; 10, Mochlos;
11, Pergamon; 12, Maroni (Vournes); 13, Ayia Varvara-Almyras; 14, Kopetra (Mari); 15, Tell Tweini; 16, Androna (al-
Andarin); 17, Sepphoris; 18, Tel Yarmouth; 19, Maresha; 20, Karanis; 21, Carthage; 22, Oudhna; 23, Leptiminus.

century B.C.E., pomace already had an established use
in a wide range of domestic settings as well as in the
production of olive oil and pottery.

THE USE OF POMACE IN THE ROMAN WORLD

As this brief review of the evidence makes clear, the
use of pomace is by no means restricted to the Roman
period. What sets the Roman period apart is the inter-
relationship between pomace use, increased olive oil
production, economic growth, and the increase and
expansion of industries with substantial fuel require-
ments. Pomace continued to serve the same domes-
tic and industrial functions that it had for centuries.
However, the production pressures exerted by the
population of the empire meant that pomace fuel was
introduced into new urban markets and began to play
a larger role in industrial production.

Industrial Uses of Pomace
Secure examples of the industrial uses of pomace
during the Roman period are restricted to pottery,

whether it was the owner of the olives or the owner of the olive
press who kept the pomace (Foxhall 1998, 39).

mortar, olive oil, and bread production. During ex-
cavations at a late first- to third-century C.E. kiln at
Leptiminus, five amphoras filled with carbonized ol-
ive stones (possibly charcoal pomace), all found lying
next to the kiln, were recognized as the fuel source. It
was then acknowledged that the relationship between
olive oil and pottery production in the Roman empire
was more interconnected than previously thought.*” It
has recently been suggested that the Tunisian African
Red Slip pottery production sites were located near the
inland olive oil presses so that the potters could take
advantage of the large volumes of pomace generated
during each pressing season.” Although the topic is
still debated,” the close relationship between olive
oil and pottery production helps explain why a pot-
tery style destined for maritime export was produced
in an area that required the finished products to be
shipped overland to the coast. It is beyond the scope

47Smith 2001, 435; Lewit 2011, 319-20. The amphoras also
contained twigs and other unidentifiable burned material,
suggesting that the contents were a mixture of fuel sources
(Stirling and Ben Lazreg 2001, 227-28).

#BLewit 2011, 320; Wilson 2012, 150.

“Leitch 2010, 2011; Lewit 2011; Hobson 2012.
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of this article to comment on the debate except to
state that the chronological and geographical history
of the use of pomace in pottery kilns, coupled with
the shortage of wood in central and southern Tunisia,
should eliminate any questions concerning pomace as
a probable fuel source in African Red Slip production
(no African Red Slip kilns have actually been excavat-
ed). The excavation of 17 kilns at Pergamon, in use
from the second century B.C.E. to the sixth century
C.E., uncovered large quantities of olive stones in the
ash layer of some of the stoke pits.”” Thus, the asso-
ciation of pottery production sites with areas of olive
oil production is not limited to North Africa. Further
archaeobotanical sampling will no doubt produce
additional evidence of this relationship in the other
olive oil producing regions of the Roman empire.”!

Kilns designed to produce mortar from limestone
also used pomace fuel. At Carthage, carbonized olive
stones were found within mortar samples taken from
walls associated with the House of the Greek Chari-
oteers. The olive stones would have become incorpo-
rated into the lime during the burning process. The
samples date from the second century C.E. to the sixth
century C.E., which suggests that the use of pomace
to fire the lime kilns was a long-standing practice in
Carthage.”

The evidence for pomace fuel in olive oil produc-
tion during the Roman period is scant but nonetheless
present. At the second-century B.C.E. site of Maresha
(Israel), 35 fragmentary and intact olive stones were
found in a socket in a subterranean olive press room.
The socket probably served as part of a heating in-
stallation for the presses.”® Built in the first century
B.C.E., the villa of Saint-Michel a La Garde (France)
contained at least six olive oil presses, installed in the
early second century C.E., and a large masonry press
room with four heating installations. During excava-
tion, all the heating installations were found to contain
large quantities of fragmented carbonized olive stones
mixed with charcoal.’ The excavators believe that the
pomace and charcoal were used to heat the room and
the water required for pressing. Archaeobotanical
evidence for heating the press room with pomace is
in accordance with the claims of the ancient authors
that pomace fuel was the best way to keep the press

*Erdemgil and Ozenir 1982.

S Lewit 2011, 319.

*?Ford and Miller 1976.

*Kloner and Sagiv 2003, 53-9. Although the number of
olives is quite small, it is possible that this assemblage repre-
sents the final burning event and that the socket was cleaned
out after each use.

% Brun 2005, 88-92. Unfortunately, the precise number of
fragments is not provided (Brun etal. 1989, 113-14).

room warm but free of smoke and soot.”® Although
at the moment the number of secure Roman-period
examples is limited, based on the numerous finds of
pomace fuel in oil presses from pre-Roman sites, it is
highly probable that pomace was used at Roman olive
oil pressing installations around the Mediterranean.
The data for the use of pomace fuel in bread pro-
duction come from the “Pistrina—Recherches sur les
Boulangeries de I'Italie Romaine” project. Between
2008 and 2011, 32 bakeries in Pompeii were cleaned
and four were excavated.?® A total of 1,818 liters of soil
were processed from two of the four excavated baker-
ies (see fig. 3), and carbonized olive stone fragments
were found to dominate the assemblages. The number
of fragments ranged from 832 to 2,763, while approxi-
mately 4% of the stones were found intact. The high
degree of fragmentation, in addition to their location
near the ovens, led the excavators to conclude that the
olive stones must have been used as fuel for the ovens.”’
The Pompeii material is the first example of rec-
ognized pomace use in bakeries from the Roman
empire and directly reflects increasing fuel demands
due to economic and industrial growth. The advent of
large-scale urban bakeries, where the majority of the
populace would have purchased ready-made bread,
did not occur until the first century B.C.E.”® Large
bakeries would have required a substantial amount of
fuel, thus increasing the demand for raw wood and
charcoal. Dried pomace would have been an accept-
able and potentially cheaper alternative.” By the time
of the 79 C.E. eruption, there was clearly a market for
pomace in the Bay of Naples. The large quantities
of olive stones, scattered throughout the bakeries in
multiple preeruption contexts, indicate that this was
not a single event and that there was probably an es-
tablished relationship between the producers and
consumers of pomace in the Vesuvian region. Unlike
the African Red Slip pottery kilns, bakeries in the Bay
of Naples were not directly linked either spatially or
economically to olive oil production. The bakeries did
not produce olive oil and thus did not generate their
own pomace. The need to import pomace into the
bakeries suggests that it had to be purchased.

% Cato, Agr. 65; Columella, Rust. 12.52; Plin., HN'15.22.

% Monteix etal. 2012.

5"Monteix 2009, 2010a; Monteix etal. 2011, 2012; Coubray
etal. 2013.

%In the first century B.C.E. evidence for cereal processing
within Pompeii disappears, and subsequently grain is brought
into the town, having been processed elsewhere (Robinson
1999, 101; Ciaraldi 2007, 148-50).

*The reason that pomace would have been cheaper than
charcoal is discussed in the following section.
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Baking was not the only urban activity that required
large quantities of fuel. The construction and heating
of baths, often on an enormous scale, would have put
further pressure on fuel resources, especially in drier
climates.® Unfortunately, we have extremely little evi-
dence for the use of pomace at baths, as baths, and
especially those in the more arid areas of the empire,
have historically not been subjected to the same envi-
ronmental sampling procedures as occupation levels
and kilns.®! Nevertheless, we should begin to enter-
tain the idea that baths situated in scarcely wooded
areas, and especially the larger complexes, such as the
Antonine baths at Carthage, were fueled by pomace.
The pressure to produce enough charcoal to heat the
baths would have been an enormous and unnecessary
expense if pomace was readily available.

Domestic Uses of Pomace

Itis not surprising that if pomace was being used as
fuel in the bakeries of Pompeii it was also being used
in the houses of Pompeii and Herculaneum. Evidence
for the domestic use of pomace is extremely rare in the
Roman empire, probably because very few domestic
dwellings have been excavated in the major olive oil
producing regions, such as North Africa. The lack of
data, therefore, makes the finds of fragmented olive
stones from Herculaneum, and to a lesser extent Pom-
peii, all the more important. Not only do they come
from secure contexts, particularly at Herculaneum,
but the remains also establish the use of pomace in an
urban setting that had easy access to wood for charcoal.

Between 1995 and 2006, the Anglo-American Proj-
ectin Pompeii (AAPP) excavated all possible ground
surfaces of Insula VI.1. Their extensive sampling
strategy, taking a soil sample from each excavated
context, meant that all types of deposits and surfaces
were sampled, including garden soil, ritual deposits,
and roads. Although found in low concentrations,
carbonized olive stones were by far the most ubiqui-
tous item (along with grape pips), identified in almost
every sample and from all properties except the Via
Consolare. The presence of so many endocarps led the
excavators to refer to the olive stones as “background
noise,” and they have suggested that the stones could
represent either kitchen waste or domestic fuel.®? The
concentrated deposit of olive fragments from a pit in
the garden of the House of the Wedding of Hercules
almost certainly represents fuel waste.®

OWilson 2013, 260.

" Carbonized olive stones were found in the praefurnium
of the bath complex at the Roman villa at La Garde (Brun et
al. 1989, 126).

%Murphy etal. 2013, 415.

3 Ciaraldi 2007, 147.

The Herculaneum material comes from the Cardo
V sewer, a large, elongated cesspit that ran beneath
the shops and apartments of Insula Orientalis II (fig.
4). Based on pottery analyses, the material in the sewer
probably accumulated in the decade prior to the erup-
tion of 79 C.E.%* The sewer does not have an outflow
point or surface water collection drains and thus was
fed exclusively by eight latrine shafts and three small
rainwater drains that extended down from the roof.*
In 2007, the contents of the north—south branch of the
sewer were excavated by the Herculaneum Conserva-
tion Project to allow for modern piping to be fitted
to the roof of the tunnel.® The north—south branch
is 86.3 m long and, although it was partly explored by
Maiuri in 1949, approximately 53 m of material re-
mained undisturbed.’” The sewer was divided into 53
quadrants, each measuring 1 m? for ease of collection,
but the entire sewer was excavated stratigraphically.®
Since the tunnel, like the street above, slopes with an
approximate 8% gradient toward the sea, there was
a downward shift of the material, and thus the sewer
must be regarded as a single archaeological context.”
During excavation, 1,140 liters of material were pro-
cessed through sieving and flotation. The residue was
sorted with 1 mm and 2 mm sieves, while a 0.5 mm
sieve was used for the flot.” The sorted and identified
material comes from all the stratigraphic layers present
in six quadrants that are spread along the length of
the sewer (see fig. 4). A total of 30% of the processed
material, equaling 220 liters, or 3% of the entire sewer
contents, has been examined by the author.

Carbonized olive stones made up 94.3% of the car-
bonized assemblage. A total of 88 whole olive stones
and 6,426 fragments were recovered. As most of the
olive stones will have burned to ash, this assemblage
represents only a small fraction of what was once used.

If the Herculaneum assemblage represents one of
the first recognized instances of the urban domestic
use of pomace fuel in the Roman period, then it is es-
pecially important to establish that the olive stones rep-
resent fuel used for heating and cooking and were not
carbonized as a result of other formation processes—

4P, Roberts, pers. comm. 2011.

% Camardo 2006-2007; J. Andrews, pers. comm. 2012.

%The site had been subject to water damage, and it was de-
cided that using the Roman tunnel would be the least destruc-
tive way to drain water from the site (Pesaresi and Castaldi
2006, 228).

7 Camardo 2011. The east-west branch of the sewer was
also excavated by Maiuri (1958, 467-69), and none of the en-
vironmental finds was kept or recorded.

% Camardo 2006-2007.

% Camardo et al. 2006, 190 n. 24; Camardo 2008, 419.

"Robinson 2007a.
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FIG. 4. Plan of Insula Orientalis II, showing the Cardo V sewer running beneath the shops and apartments, and the adjacent
palaestra with its cross-shaped pool. Arrows point to the location of the study quadrants along the north—south branch of the
sewer. The first number refers to the number of whole carbonized olive stones, while the second refers to the number of frag-
ments. Units situated directly above each study quadrant have been labeled (modified from Monteix 2010b, pl. 5).

namely, the 79 C.E. eruption, the burning of table
waste, and the burning of offerings. Eliminating the
eruption as a factor is relatively straightforward for
both the Herculaneum and Pompeii material. As In-
sula VI.1 at Pompeii had already been excavated to
the 79 C.E. levels during the 1770s, most of the AAPP
material is from preeruption contexts.”' In Herculane-
um, the botanical assemblage from the Cardo V sewer
contained vast quantities of delicate mineralized mate-
rial that would not have survived if the contents of the
sewer had been carbonized during the eruption. The
limited number of entry points into the sewer meant
that the ash from the eruption filtered in slowly and
did not cause the full carbonization of the material.
Thus, the Herculaneum assemblage also represents
preeruption material.

There is no doubt that people in the Vesuvian re-
gion ate olives. Pliny (HN15.16) claims that imported

"Murphy et al. 2013, 410.

olives were better for consumption than Italian olives.
It is the fragmentary nature of the Herculaneum as-
semblage that suggests that most olives were not con-
sumed whole but were crushed during the milling
stage of olive oil extraction.” Only 1.35% of the olives
are whole, and one would expect a greater propor-
tion of whole stones if they had been used as food.
Most whole stones thrown into the sewer would prob-
ably have remained intact since the material was not
subjected to postdepositional fragmentation caused
by trampling. The Cardo V assemblage also contains
mineralized olive seeds, which, like most of the other
mineralized material from the sewer, represent food-
stuffs that would have passed through the human di-
gestive tract intact before entering the sewer as human
waste. Thus, the mineralized olive seeds represent
food waste, while the majority of the carbonized olive
stones represent fuel use.

7 Ciaraldi 2007, 147. Some were no doubt also eaten.
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It is the quantity of olive stones that distinguishes
this assemblage from those associated with ritual burnt
offerings. At the House of the Greek Epigrams, three
burnt offering pits contained a total of 10 olives.”
Other ritual deposits from Pompeii have produced
equally small numbers of carbonized olive stones, in-
cluding the street-front shrine VI.1 (n=1), the House
of the Vestals (n=1), the House of the Wedding of
Hercules (n=3), and the House of Amarantus (n=1).7
The sheer quantity of olive fragments from the Her-
culaneum sewer (n=6,426) appears to be more closely
related to the numbers of olive stones found at sites
such as Tria Platania (n=13,868), Carthage (Avenue
Habib Bourguiba, n=1693), or Leptiminus (site 250,
n=454) rather than ritual garden pits in Pompeii.”
The number of stones is also too large and ubiquitous
to have resulted from accidental burning. Moreover,
the stones were distributed throughout the length of
the sewer, and although the distribution was uneven,
this does suggest that shops and apartments, other
than the bakery at Insula Orientalis I1.8, were generat-
ing pomace waste. Pomace fuel is therefore the most
probable explanation for the presence of such a large
volume of olive stones in the Cardo V assemblage at
Herculaneum.

LATE ROMAN AND LATE ANTIQUE POMACE USE

Olive pomace continued to be used in the centuries
following the Roman period, although the geographi-
cal range of sites decreased (see fig. 3). Most of the
evidence for Late Roman and Late Antique pomace
use comes from North Africa and the Middle East. At
Carthage, pomace continued to be used for domestic
purposes during the Vandal and Byzantine occupa-
tions. The botanical assemblages from three cisterns
at Carthage, one dating to the later fifth century C.E.
and two to the late sixth to early seventh centuries
C.E., were dominated by carbonized olive stone frag-
ments, representing redeposited domestic table and
fuel waste.™ Additional excavations along Carthage’s
Avenue Habib Bourguiba uncovered Vandal layers
that contained 1,655 carbonized olive fragments.”
Based on the contexts of the finds (in pits used as
rubbish dumps) and the large number of olives rela-
tive to other botanical remains, the excavators con-

*Robinson 2007b.

" Ciaraldi and Richardson 2000, 80; Robinson 2002, 95—-6;
Ciaraldi 2007, 100, 117-19; Murphy etal. 2013, suppl. 1.

™ Stewart 1984; Rife 2001, 301; Smith 2001, 434; Margaritis
and Jones 2008a, 395.

6 Raw data for the number of olives are available in Hoff-
man 1981, 261-65; 1982, 193-96.

77 Stewart 1984.

cluded that the olive stones represented redeposited
fuel waste from domestic fires.”® The scarcity of trees
around the city, even in the Punic period, suggests
that pomace was constantly being brought into the
city from the surrounding farms.™

In addition to being used in domestic contexts,
pomace continued to serve as fuel for industrial pro-
cesses into the Late Antique period. When the ash
layer around a sixth-century C.E. kiln at Leptiminus
was sampled, it was found to contain ceramic waste and
more than 1,000 carbonized olive stones.® Similarly, at
Oudhna, burned olive stones were found inside a late
sixth/seventh-century C.E. kiln.*! Olive stones were
also recently recovered from a mid sixth-century C.E.
kiln in Androna, Syria.®

The Israeli site of Sepphoris produced glass vessels
during the Byzantine I (363-451 C.E.) period. A large
depression containing hundreds of carbonized olive
stones as well as charcoal and glass waste was identified
as a glassmaking furnace. Pomace was used to make
the charcoal burn hotter and achieve the high tem-
peratures (1,030-1,200°C) required for melting the
glass and blowing the vessels.** Although carbonized
olive stones have not yet been identified at Roman-
period glassmaking sites, there is a high probability
that the Romans also used a combination of pomace
and charcoal for glass production.

POMACE AND CHARCOAL

Regarding the Roman period, the domestic and
industrial uses of olive pomace at Herculaneum and
Pompeii appear at first sight unusual. The Campan-
ian region, which extended inland to the slopes of the
Apennine and Lattari Mountains, had more available
woodland than large parts of North Africa and the
Middle East, and thus charcoal was available.’* The
presence of wood charcoal in every sample from the
Cardo V sewer at Herculaneum and the vast quantities
recovered from the AAPP excavations at Pompeii indi-
cate that pomace acted as a supplement to charcoal,
not as a replacement.® There is very little evidence

S Hurst and Roskams 1984, 17-19, 116. In the three ana-
lyzed samples, the olive stones constituted 71% of the total
archaeobotanical assemblage (Stewart 1984).

“van Zeist and Bottema 1983.

80Smith 1998, 193-94.

1 Lewit 2011, 319. There is no mention of the quantity of
olives found (Barraud et al. 1998, 145).

#Mango 2011, 108.

% Fischer 1999, 896, 903.

#Except for Pergamon and La Garde, all the Roman sites
with evidence for pomace use are located in areas with arid
climates.

85Veal 2012, 23.
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from Pompeii and no evidence from Herculaneum
for olive oil production within the towns, and pom-
ace would have had to be delivered from the nearby
farms.*® Why, then, did inhabitants of Pompeii and
Herculaneum use pomace as well as charcoal if char-
coal was readily available?

The question can be answered in terms of both the
practical benefits and the economic advantages. In
Herculaneum, the structure and arrangement of the
shops and apartments of Insula Orientalis II would
have made dried pomace a highly desirable type of
fuel. Most residents of Insula Orientalis Il would have
lived behind and/or above shops that had an average
floor space of only 34 m?. The upper-floor rooms had
small windows for light and ventilation and no chim-
neys.*” Since pomace burns at a high temperature for
longer and with less smoke than charcoal, it would
have been the ideal fuel source for use in braziers,
particularly in the winter when the shutters would
have been closed to retain the heat.®

Except for the large apartment at Insula Orientalis
I1.7, none of the upper-floor apartments had evidence
for raised hearths or kitchens.®” However, the pres-
ence in the Cardo V assemblage of raw foodstuffs that
require cooking before consumption, such as pulses,
cereal grains, and fish, strongly suggests that cooking
was done even in the smaller apartments. If cooking
was done on the floor, possibly with the use of a stone
slab supporting a small tripod or brazier, then pomace
cakes would have been more manageable and efficient
than raw wood or charcoal. Raw wood, even in Ro-
man houses that had hearths, would have been nearly
impossible to use as the primary cooking fuel.” Too
much raw wood is required to create a fire hot enough
to even boil water and fit beneath a tripod. Similarly,
it may have been difficult for the bakeries to use raw
wood because of space limitations in and around the
ovens. As the bakeries at Pompeii were using pomace,
itis possible that the bakery at Herculaneum in Insula
Orientalis II.8 also used pomace as fuel for the bread
oven, which may explain the higher concentration of
olive stones at the southern end of the sewer, where
the bakery is located (see fig. 4).

In addition to the practical benefits of pomace, cost
probably played a significant role in ensuring its use

8 Brun 2004, 12-27. A trapetum has also been found at the
House of the Ship Europa (I.15.2—4, 1.15.6) in Pompeii, al-
though without any associated pressing equipment.

87 Andrews 2006, 1:108-9; Monteix 2010b.

88 Brun 2003, 183; Warnock 2007, 47-8.

8 Andrews 2006, 2:101.

9 Veal 2012, 26-7. However, it was probably used as
kindling.

in Herculaneum. While there is no way to determine
whether all the apartments at Insula Orientalis IT used
pomace, the ubiquity of the burned olive stones sug-
gests that pomace use was widespread in the insula
regardless of shop or apartment size. Although the
catchment of the Vesuvian towns included woodland,
it is probable that pomace was actually cheaper than
charcoal, especially at particular times of the year.”
Olive oil was produced in the area, and while local
production occurred on a significantly smaller scale
than in areas such as Baetica or Tripolitania, it was
not limited to personal use. Pollen analyses from the
Naples harbor have indicated that large numbers of
olive trees were growing in the region in the first cen-
tury C.E.; olive and oak were the most abundant taxa
found in samples.” The AAPP data have demonstrated
an increase in the quantity of olives recovered from
first-century B.C.E. to first-century C.E. deposits, also
suggesting that there was an increase in olive oil pro-
duction in the Vesuvian region.”® Among the numer-
ous nearby villas, at least three were in operation in
79 C.E. and have produced archaeological evidence
of oil production in the form of presses and/or a tra-
petum: San Rocco, Villa Pisanella at Boscoreale, and
Casa dei Miri at Gragnano.” The presence of at least
two presses at San Rocco and Casa dei Miri suggests
that large quantities of olive oil, and therefore pom-
ace, were being produced.” It is probable that some
of the pomace was used for future pressings as well
as for fertilizing the olive groves. The excess pomace
could easily have been transported into Pompeii and
Herculaneum in amphoras, but it was more likely
transported in skins or barrels or even loose in carts.”
It is also possible that pomace cakes were formed and
dried at the villas and then sold in the towns.

The amount of time and effort required to prepare
dried pomace cakes for burning is minimal relative
to the effort required to create charcoal. Wood for
charcoal is often cut in the winter and then allowed
to dry for six months. The charring process then takes

“"For the wealthy Romans who owned both rural agricul-
tural land and urban commercial or domestic properties in
the Campanian region, pomace could have acted as an almost
free fuel source, shipped directly from their farms for use on
their urban properties.

92 Allevato et al. 2010, 2368.

“Murphy etal. 2013, 416.

9 Ruggiero 1881, 325; Rossiter 1981, 358-59; Brun 2004,
14, 20-1.

% Brun 2004, 20-1; see also the Oxford Roman Economy
Project’s Olive Oil and Wine Presses Database (http://oxrep.
classics.ox.ac.uk/databases/olive_oil_and_wine_presses_
database/).

9% Pena 1998, 166—71; Marliére 2002.
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five to seven days for larger logs, and the fire must be
tended during the entirety of this time.”” In addition
to the labor input, the transportation of the charcoal
would have increased the cost. Veal looked at 3,911
fragments of charcoal ranging in date from the third
century B.C.E. to the first century C.E. from four dif-
ferent sites around Pompeii and found that after the
second century B.C.E., 60% of the charcoal was made
from beech (Fagus sylvatica).”® Beech grows at eleva-
tions greater than 500 m, although ideally between
1,200 and 1,600 m. The nearest sources of beech were
15-25 km from Pompeii,” while Villa Pisanella, which
produced olive oil, was only 2 km from Pompeii and
12 km from Herculaneum. The shorter distance the
pomace had to travel would have reduced the shipping
costs of this already less fragile product. The price of
charcoal would have also varied by season, being the
least expensive in the mid to late summer, just after
the charcoal had been created.'” Olive oil produc-
tion takes place in the late autumn and winter, which
is exactly when the charcoal supply would have been
atits lowest. Thus, in the Bay of Naples, it is probable
that in the winter pomace was less expensive than
charcoal since it was more abundant, while charcoal
was cheapest in the summer.

WIDER IMPLICATIONS

The archaeological evidence reviewed here suggests
that olive pomace was an important source of fuel in
the Mediterranean in antiquity. The arid climate in
many areas meant that trees were scarce and, as a read-
ily available by-product of olive oil production, pom-
ace took on the role of charcoal in both domestic and
industrial settings. The Romans were not unique or
different in their pomace fuel use; they simply used it
for a larger range of activities in a greater number of
places than their chronological predecessors. In the
history of pomace use, there is a high degree of con-
tinuity between the Roman empire and the centuries
of peoples and cultures that came before and after
them. However, the economic importance of pomace
fuel during the Roman period represents a significant
departure from the past. It allowed for an increase in
the manufacture of goods that required significant fuel
resources in their production without putting a strain
on the charcoal supply and raising the cost of produc-
tion. The volume of olive oil produced in the empire
each year, and thus the volume of pomace, enabled

97Veal 2009, 143-46.

% Veal 2009, 71-83, 131-33. The sites were Insulae V1.1,
VIIL.7,V.2.g, and VIIL1.

“Veal 2009, 3-7, 168.

100y/eal 2009, 209.

this secondary fuel source to become a market com-
modity in its own right. Pomace was generated in such
quantities that it could force a shift in manufacturing
activities, enabling cost-effective larger-scale ceramic
production in semiarid zones and perhaps even en-
couraging the co-location of ceramic production with
olive oil production. It could also compete with char-
coal as a fuel source even in densely forested areas.
The high volume of olive oil production and trade
that took place in the Roman period, combined with
vast quantities of surviving material culture in the
form of presses and amphoras, puts us in a strong
position to begin to assess the economic impact of
this fuel source on an empire-wide scale. It is beyond
the scope of this article to create a model for pomace
production in the Roman world. However, I provide
some rough estimates of pomace output so that the
productive capacity of this by-product can be more
readily understood and conceptualized. Estimates for
olive oil production have been created for the Roman
empire, and thus the amount of pomace can be ex-
trapolated from those numbers.'’! Mattingly suggests
an empire-wide output of ca. 500,000 to 1 million
metric tons (543 million to 1.09 billion liters) of olive

oil each year.'"

If every 200 liters of olive oil gener-
ates between 350 and 400 kg of pomace, the average
annual amount of pomace produced in the Roman
empire would be between 951,000 tons and 1.9 mil-
lion tons (table 2).'” That quantity of pomace could
have provided 2.29-4.57 billion hours of heat.!” To
generate that much energy using charcoal would re-
quire roughly 2.7-5.5 million tons of raw wood. As
many of the major centers of olive oil production in
the empire were in arid regions, the availability of a
viable charcoal alternative must have been crucial if
high levels of productivity, particularly with respect to
pottery production, were to be maintained and large-
scale deforestation was to be avoided.

That the Roman empire could display such histori-
cal continuity but stand out economically has a signifi-
cant impact on how we view and understand pomace
use in the Roman world. First, the continued use of
pomace throughout the Roman period means that
we can assume that wherever olive oil was produced,
pomace was also used. Subsequently, as the scale of
olive oil production increased both quantitatively and

%" Mattingly 1988c, 34; 1993; Hitchner 2002, 72-3; De Sena
2005.

%2 Mattingly 1988c, 34.

193 Niaounakis 2011, 414.

14 According to Warnock (2007, 51), 0.41 kg will provide
heat for asingle hour.
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TABLE 2. Pomace and charcoal energy values based on high and low estimates of annual olive oil production

within the Roman empire.

Low Output High Output

Volume of olive oil produced per annum (metric tons)

Volume of pomace generated per annum (350 kg/
200 liters)

Volume of raw wood required to match volume of
charcoal®

Overall calorific value of the pomace (5,360 kcal/kg)
Total hours of heat at 5 kg/12 hours (0.416 kg/hour)

Volume of charcoal required to match total volume of

pomace (7,350 kcal/kg)

Volume of olive oil produced per annum (liters)"

500,000 metric tons 1 million metric tons

951,000 metric tons 1.9 million metric tons

2.7 billion metric tons 5.5 billion metric tons

5.09 x 10" kcal
2.29 billion hours

1.02 x 10" kcal
4.57 billion hours

694,000 metric tons 1.39 million metric tons

543 million liters 1.087 billion liters

*The calculation is based on a 1:4 efficiency ratio, where 4 kg of raw wood produce 1 kg of charcoal (Veal 2009, 146).

" One liter of olive oil weighs 0.92 kg (Marzano 2013, 99).

geographically during the Roman period,'” we should
expect to see the uses of pomace expand as well. Rec-
ognizing deposits of carbonized olive stones as pomace
waste and being able to differentiate them from table
or ritual waste will help clarify the types of fuels used
at a particular site or for a particular industry. The
presence of olive stones in the bakeries at Pompeii sug-
gests that we may need to reassess our understanding
of the fuels used in other industrial activities, such as
glassmaking. Archaeologists should not immediately
assume charcoal was the sole or primary fuel source,
nor that it was necessarily always the first choice.

CONCLUSIONS

As a by-product of olive oil pressing, olive pomace
was generated in enormous quantities each year with-
out significant additional labor. The consistent gen-
eration of so much fuel has significant implications
for our estimates of total fuel use and cost in the Ro-
man empire. Moreover, the growing use of pomace
in the Roman period relative to the rest of antiquity,
particularly in industrial activities, raises new ques-
tions concerning fuel consumption and availability.
Was the increased exploitation of pomace the result
of an increase in olive oil production or a generally
increased demand for fuel as a consequence of pop-
ulation growth, or did the use of pomace as a fuel
source expand because of the growing number of in-
dustries and activities within the Roman empire that
required large energy inputs? Is the use of pomace

1% Hitchner 2002.

in Herculaneum and Pompeii a result of organized
fuel management, or does it reflect a response to fuel
shortages and price increases? Is there a relationship
between the increased use of pomace during the Ro-
man period and an absence of deforestation, in spite
of the increase in the manufacture of goods during
this period? Evidence of deforestation does not ap-
pear until the Middle Ages.'® Understanding the ex-
tent of pomace use, its role in the different regions of
the empire, and its relationship to both charcoal and
other secondary fuel sources is crucial if we wish to
understand the careful balance the Romans achieved
between widespread fuel consumption and fuel sus-
tainability and management.
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