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South-Eastern Europe is a very large producer of charcoal (200,000-300,000
tonnesfyr). The major part of this amount is produced in traditional ways using
kilns. With large emissions to air of unburnt methane and volatile organic
compound this technology is very polluting. The first of these is a well known green-
house gas. This paper introduces a new technology that fully eliminates such emis-
sions. The development of the technology is based on an existing concept of batch
retorts that are operated in counter-phase. A heat storage is used to bridge periods of
heat shortage, so that large production capacities can be achieved without using
support fuels such as diesel oil. The technology is protected by a new patent (2011).
The environmental impact of introducing the technology on a large scale is esti-
mated.
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Introduction: Emissions from charcoal making

In principle, the gaseous products from charcoal making include: non-conden-
sible gases (CO, CO,, CHy, and C,Hg), acids (mainly acetic acid), methanol, ethanol, tars
including polycyclic organic matter (POM), and water vapour. The distribution of these
constituents varies, depending on the wood types used as feed material, and on process
parameters. If combustion would be complete (which it is not), the said products (expect
CO; and H,0) would be formed into CO, and water vapour before leaving the reactor.
Because the extent of this combustion varies from plant to plant, emission levels are quite
variable. If left uncombusted, tars may solidify to form particulate emissions, acids may
form aerosol emissions, and methane is emitted as a severe green house gas.

Aspartofan air quality programme, the U. S. Environmental Protection Agency
(EPA) prepared an number of sets of air pollutant emission factors”~ for the industry, and
this includes the charcoal manufacturing industry [1]. Approximately seven studies were
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** An emission factor is a representative value that attempts to relate the quantity of a pollutant released to the atmo-
sphere with an activity associated with the release of that pollutant. The emission factors presented in AP-42 may be
appropriate to use in a number of situations, such as in making source-specific emission estimates for areawide in-
ventories for dispersion modelling, developing control strategies, screening sources for compliance purposes, es-
tablishing operating permit fees, and making permit applicability determinations [1].
For each individual emission type averages were prepared over a range of individual processes. Therefore, the EPA
data are not suitable to construct a mass balance for a single specific process.
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used to form a basis for a set of standard emissions for the charcoal industry. The emission
types include: methane, ethane, methanol, CO, non-methane organic compounds
(VOC), polycyclic organic matter (POM), N,O, NO;, and particulate matter (dust).
Whereas the American dataset, which is based on sources dating back to as early as 1967,
was focussed on emissions to air of matter that is potentially harmful for human health
and nature, a new series of emission studies was carried out a couple of years later, with a
primary focus on the global warming potential. Here, methane emissions got the major
attention. Some of these studies were carried out for EPA [2] other studies were scientific
[3]and again other studies were prepared for projects that were funded through the clean
development mechanism (CDM) which is one of the flexibility mechanisms defined in
the Kyoto Protocol. The latter studies have ultimately resulted in a baseline methodology
concerning the mitigation of methane emissions in the wood carbonization activity for
charcoal production [4]. An important justification as to the methodology was given by
the CDM financed Plantar project in Brazil [5]. Another relevant source of emission fac-
tors are the IPCC guidelines for national greenhouse gas inventories [6]. Table 1 reviews
typical emission factors that emerge from the cited literature. The data concern charcoal
making by means of batch-operated kilns.

Table 1. Reported emission factors for charcoal making using
batch-operated Kilns (kg emission/tonne of charcoal)

Pennise, et al. [3], .
EPA IPCC Kenya and Brazil CDM Plantar project
Emission type documentation | guidelines (2001) (data 2003)
for AP-42 (1995) | (1996)°
From To Baseline Project
Methane 54 30 32 62 47.5 34.7
Ethane 26 - - - - -
Methanol 76 - - - - -
Cco,™ 560 - 543 3027 - -
CO 140 210 143 373 - -
Non-CHj, organic 140 51 24 124 _ _
compounds
POM 0.0047 - - - -
Particulate matter
(dust) 160 - 13 41 - -

* Recalculated from the cited data, using a calorific value of 30 GJ/t charcoal (this was also assumed by the quoted source)
**This is not the net CO, emission from charcoal production, since CO, may be captured by biomass growth

The accuracy of these emission factors is much smaller than suggested by the
number of digits, the most precise data being provided by Pennise, ef al. [3], since those
data concern an actually measured range. The uncertainty in the emission factors of the
Plantar project deserve a special study (which is actually provided in the project docu-
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mentation, and is not further analyzed here). The reasons why the data are merely indica-

tive are:

— The processes concerned are manually controlled batch processes, the emissions of
which are strongly dependent upon the habits and skills of individual operators.

— The mass unit of charcoal (here tonne), which forms the basis to express the emission
factors, is intrinsically vague, since the quality of charcoal varies strongly from one
producer to another, or even from one batch to another. A major undefined parame-
ters is the volatile matter content. Antal et al. [7] report that charcoal intended for do-
mestic cooking typically contains 20-30% volatile matter (with a value of 40% being
marginally acceptable). It is obvious that considerably more emission precursors (va-
pours) are formed when charcoal is made that contains less volatile matter.

However, one would tend to accept the order of magnitude for the individual
compounds as indicative values.

CO, is considered to be a major global warming agent. Nevertheless, emissions
of CO, of charcoal manufacture, although measured in some cases, are not considered
very relevant for global warming by the data sources quoted. This is because the assump-
tion made by the researchers cited is that the biomass used for charcoal manufacture is
grown sustainably. All CO, emitted would be captured again by the returned growth of
the biomass involved. The question into what would happen to the carbon already cap-
tured, if less wood would be needed for charcoal manufacture as a result of efficiency im-
provement, is apparently not analyzed. It could be argued, though, that efficiency impro-
vement is a from of carbon capture. We leave this issue aside here, but the potential im-
pactis quite relevant, traditional carbonisation technologies yielding 5-20% charcoal and
industrial techniques being capable of producing at least 30% of charcoal out of wood (an
improvement of 50-500%).

Carbonisation technologies used

The most wide-spread
method of charcoal mak-
ing, for which the emission
factors of tab. 1 apply, is by
way of mound or pit kiln
(fig. 1). The carbonisation
process involves a chemical
decomposition of wood at
elevated temperatures in
the absence of oxygen. 0% au

Thereby, a high-tempera- f

ture gas (resulting from f;1 € 98 & 8 .
combustion) is used to ! " Kining retoriirng
transfer heat to the respec-

tive pieces of wood pro- Figure 1. Kilning: Air valves are controlled to provide

cessed one after another combustion air at the required periods (¢ = 1-5).
from one end of the Uncombusted vapour co.ols.down on the h.eatmg !oa.d.
The cooled vapour cannot ignite and gives dirty emissions.
stacked batch to another. Retorting: Released vapour is combusted to (1) indirectly
And since inside the Kkiln, provide heat to the load, and (2) to prevent dirty emissions
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contact with air is avoided, the gas ultimately emits from the kiln as unburnt smoke. At
that point, the temperature of the smoke has decreased to such an extent that it does not
ignite anymore. Hence the considerable emissions of acommon kilning process (fig. 2).

Figure 2. Smoke emissions from kilning in Madagascar (1992) and Germany (2011)

To raise gas temperatures to the desired level in charcoal kilning, part of the
feedstock is offered as a fuel. This is not the case with retorting, which is the usual alterna-
tive to kilning. By means of a retort, the process vapours are separated from the raw mate-
rial, before being combusted to generate process heat (see fig. 1). Here, only the vapours
are used to provide the energy sustaining the process. In this manner it is ensured that the
entire raw material is available for conversion into charcoal. Therefore, the yields of char-
coal from retort processes are the highest technically achievable.

Kilning is the mostly wide-spread technology to manufacture charcoal, all over
the world, across all continents. Clean Fuels estimate that 85% of the charcoal manufac-
turing capacity throughout Europe consists of kilning processes. For SE Europe we esti-
mate this level at 95%. Virtually nothing changed in the carbonisation technologies
employed since centuries.

Emissions from charcoal making in Europe

Whereas the 2009 worldwide production of charcoal is estimated at 49 million
t/a (FAOStat), the 2009 European production is estimated at 530,000 t/a. The production
in SE Europe varies between 210,000-310,000 t/a. In these statistics for SE Europe, the
following countries are included: Albania, Bosnia and Herzegovina, Bulgaria, Croatia,
Czech Republic, Greece, Hungary, Montenegro, Romania, Serbia, Slovakia, and Slove-
nia. The end-user value of the sector is more than € 500 million/a in the EU27, and more
than € 215 million/a in SE Europe. We use the EPA emission factors to estimate emis-
sions from this production, see tab. 2.

Emission caps made possible by a heat-buffered batch retort

A relevant technology improvement was developed by Reumerman et al. [8] in
The Netherlands. The process involves two retorts in which two separate batch-wise
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Table 2. Estimated of regional emissions, based on 2009 charcoal
production data and EPA emission factors

EU27 SE Europe
Charcoal production [t per year]” 500,000 214,000
Of which kilning (estimate) 85% 95%
= (t charcoal)” 425,000 203,000
Emission (t*), kilning only:

Methane (only) 23,000 11,000
Global warming potential (on CHy)™ 483,000 231,000
Methane, ethane + methanol 66,000 32,000
CO 60,000 28,000
Non-CH4; OC 60,000 28,000
POM 2 1
Particulate matter (dust) 68,000 32,000

*  Source: FAOStat
** The equivalence of 1 t of CH, is 21 t of CO,

carbonisation cycles are executed. Each cycle consists of an endothermic phase during
which the retort needs to be heated from outside, and an exothermic phase during which
the retort releases energy in the form of a combustible gas and vapour mixture. This mix-
ture is combusted in a central furnace. The cyclic process of two retorts should be oper-
ated in counter-phase, whereby the exothermic phase of one retort provides the heat
needed by the other retort which is in an endothermic phase (fig. 3).

A major step forward was that a retorting process was implemented as a batch
process. Batch processes are known to be considerable simpler than continuous pro-
cesses: less vulnerable, less difficult to control, and ultimately less expensive. This is rele-
vant, because retorting is intrinsically more
efficient than kilning, and, unlike kilning, re-
torting enables the controlled combustion of all

volatile and gaseous matter yielded by the é 2 @‘Eﬁ J‘:E 2
carbonisation process. __Oven 'WE %Hlg Y™ oven
A difficulty that remained to be solved was [Retort 5355 Retort
that the exothermic phase and the endothermic | >:‘ w2 <
phase of the retorting cycles are not usually in 7 = g —,
balance. The overall energy balance is not a Vapour“?__’ 218 —
problem (over the entire production cycle, the  collection | vapour | & | Vapour
total heat released from combusting the process ™™ &
gases and vapours is more than enough), but A

rather the instantaneous energy balance: Dur-

ing a large proportion of the heating phase of a Figure 3. Flow sheet of a counter-phase
retort, the instantaneous heat demand is larger batch retorting system
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than the instantaneous heat provision based on the gases and vapours released by the
other retort. Animbalanced heating phase and processing phase with the design reported
in [8] mainly occurs when moisture contents of the feed material varies or is generally
high. Users of the reported system [8] solve this problem by providing additional support
fuel (diesel oil), so as to meet the rated capacity of their equipment.

Clean Fuels solved this problem by incorporating a heat storage buffer in the
carbonisation system. At periods during which the exothermal processing phase of one
retort generates more heat than required by another retort, the heat is stored in a heat
buffer. When there is an instantaneous requirement for process heat which cannot be
supplied by any retort, the stored heat is used. Worldwide a patent is applied for under the
PCT treaty to protect this idea of energy provision to a retorting process.

The emissions resulting from a central furnace combusting the gases and va-
pourswere measured. In tab. 3 they are compared with those that are reported by EPA.

Table 3. Emission factors for charcoal making (kg emission/tonne of charcoal)

EPA Documentation for AP-42 | Clean Fuels Carboniser”

Methane (only) 54 n. a.
Methane, ethane + methanol 156 0.03
CO, 560 5860

Neutral re. global warming in case of
sustainably grown wood

Global warming potential (on CH, only)** 1134 <0.68
CcO 140 0.19
Non-CH4 OC 140 0.03
POM 0.0047 0.00032
Particulate matter (dust) 160 0.029

* Calculated from Promonitoring [9 ], which provides emission flows [g/h]. Parameters used for expressing the data
as kg/t of charcoal: wood load [kg/cycle], charcoal yield [kg charcoal/kg of wood], cycle duration
** Assuming sustainably grown wood. The equivalence of 1 t of CH, is 21 t of CO,

With regard to all emission factors considered (but irrespective of CO,)!, the re-
ductions are phenomenal (15 times for POM, 750 times for CO and in the order of 5000
times for other emissions). For the Clean Fuels Carboniser, methane is not reported as a
single emission. Rather, it is reported together with other alkanes (C,Hy). Therefore, the
methane emission reduction is larger than 53.97 (54-0.03) kg/tonne of charcoal if kilns
are replaced by the proposed retorting process. (We calculate conservatively by deduct-
ing from the standard methane emission reported. The total emission of methane, eth-
ane+methanol for the Clean Fuels Carboniser are calculated by EPA.

The emission reduction is found for the case of full replacement of all kilning
processes through Europe (tab. 4).

! Formation of CO, is the unavoidable by-product of complete combustion of carbon compounds. The emission of
CO, from the Clean Fuels Carboniser is in accordance of complete combustion of all carbon released as vapour from
the carbonisation process. In other words, the mass balance is largely closed
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Table 4. European emission reduction potential by employing
charcoal retorting technology

If kilning replaced by heat-buff

Current technology red batch carboniser

SE SE Saving | Saving SE
EU27 Europe EU27 Europe | EU27 Europe
Charcoal production [t per year]* | 500,000 | 214,000 - - - -
85% 95%

Of which kilning = (t charcoal)” 425000 | 203.000 - - - _

Emission (t°)

Methane (only) 23,000 | 11,000 | 14 7 | 23,000 | 11,000
(Gclglzagq‘ga;?;lfﬂf’;éznﬁly, 483,000 | 231,000 | 289 | 138 |483,000 | 231,000
Methane, ethane + methanol 66,000 32,000 14 7 66,000 32,000
Co 60,000 | 28,000 | 80 38 | 60,000 | 28,000
Non-CH; OC 60,000 | 28,000 | 14 7 | 60,000 | 28,000
POM 2 1 0.14 | 0.07 1.9 0.9

Particulate matter (dust) 68,000 | 32,000 | 12 6 | 68,000 | 32,000

* The equivalence of 1 t of CH, is 21 t of CO,
Conclusions

At a unit value of € 15 /t CO,, the value of emission reduction (if considering
curbing of methane emissions only) amounts to approximately € 7.2 million and € 3.5 mil-
lion annually for the EU27 and SE Europe. Under a discount rate of 10% and assuming a
project duration of 15 years, these values represent a net present value (or an investment)
of € 55 million and € 26 million respectively. On the basis of a single production unit with
a capacity of 1000 t of charcoal peryear, the NPV (net present value) represents € 130,000
(under the same economic assumptions). This is quite a relevant amount in view of the in-
vestments of such a system.

Figure 4. Two heat-buffered batch retorts. Capacity >1000 t charcoal® each
" The equivalence of 1 t of CH, is 21 t of CO,
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AmncrpakTt

Poaano B. CHMOHC", /Iyk BAJJIEHC

NuoBaTuBHE Mocyfe 3a KapooHU3anujy:
TexnoJsioruja u yrunaj Ha OKOJIMHY

Peruon jyroucroutne EBpore je Benuku npoussohau hymypa (200.000-300.000 To-
Ha rofuiie ). Hajsehu jeo oBe mpousBojim-e ce ofiBuja y nehiMa Ha TpajJulinOHaIaH HaurH.
Y TOKy 0oBoOr Ipolieca ce ociio6aba BerKa KOJIMYMHA Hecaropeslor MeTaHa, jeJHOT Off IJIaB-
HUX racoBa CTakJeHe OalTe, U APYyrux UCIapbUBUX KOMIIOHEHATA IIITO OBY TEXHOJIOTH]Y
cBpCTaBa y BeJMKe 3arabuBade.

Y oBOM pajty je npejicTaB/beHa TEXHOJIOTHja KOja NOTIYHO EJIMMUHUIIIE OBE EMU-
cuje. Pa3Boj oBe TEXHONIOTHjE je 3aCHOBaH Ha MOCTOjeheM KOHIENTy HamyHhEeHUX MOCyAa
Koje pajie y KoHTpa (pa3u. CKIauIITe TOIIIOTE Ce KOPUCTHU A IPEMOCTH IIepHOfe Y KOjuMa
HeMa I0BOJHHO €HEpIHje 3a IIPOIlec, TAKO /1A BEJNKE KOJTMIMHE MOTY ONTH ITpon3BefieHe 6e3
Kopuirhema JOfaTHOT TOpUBA Kao IITO je TO Ma3yT WU An3eN TopuBo. TexHosoryja je 3a-
mtuheHa nareHTHOM foKyMeHTanujom 2011. roguse. Y TUIlaj OBE TEXHOJIOTH]j€ HAa OKOJIUHY
je IpoLeHEH Y OBOM pajy.

Kmyune peun: hymyp, kapOoHM3alyja, EMUCH]ja, YTULA] HA OKOJIMHY, PpETOpTe
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