Co-Combustion of Sludge with Coal or Wood

This document has been downloaded from Chalmers Publication Library (CPL). It is the author’s
version of a work that was accepted for publication in:
International Journal of Power and Energy Systems (ISSN: 1078-3466)

Citation for the published paper:
Leckner, B. ; Amand, L. (2004) "Co-Combustion of Sludge with Coal or Wood".
International Journal of Power and Energy Systems, vol. 24(3), pp. 172-178.

Downloaded from: http://publications.lib.chalmers.se/publication/238724

Notice: Changes introduced as a result of publishing processes such as copy-editing and
formatting may not be reflected in this document. For a definitive version of this work, please refer
to the published source. Please note that access to the published version might require a
subscription.

Chalmers Publication Library (CPL) offers the possibility of retrieving research publications produced at Chalmers
University of Technology. It covers all types of publications: articles, dissertations, licentiate theses, masters theses,
conference papers, reports etc. Since 2006 it is the official tool for Chalmers official publication statistics. To ensure that
Chalmers research results are disseminated as widely as possible, an Open Access Policy has been adopted.

The CPL service is administrated and maintained by Chalmers Library.

(article starts on next page)


http://publications.lib.chalmers.se/publication/238724

International Journal of

POWER & ENERGY SYSTEMS

VOLUME 24, Number 3, 2004 Special Issue on Co-Utilization of Domestic Fuels (CDF)

Editor’s Note

Reducing GHG Emissions by Co-Utilization of Coal with
Natural Gas or Biomass ‘

R&D Incentives and Co-Utilization: Electricity Market
Performance

Comparison of Concepts for Thermal Biomass Utilization,
with the Examples of The Netherlands

Co-Combustion of Sludge with Coal or Wood

The Energy Structure and the Technology of Co-Firing
Biomass and Coal in China

Valorization of Selected Biomass and Wastes by Co-Pyrolysis
with Coal ’

Advanced Technologies for Co-Processing Fossil and Biomass
Resources for Transportation Fuels and Power Generation

CFD Analysis of NO, Reduction by Domestic Natural Gas
Added to Coal Combustion

LM. Smith

S.V. Berg

H. Spliethoff

B. Leckner, L.-E. Amand

JX Mao

R. Moliner, M.J. Lazaro,
I Suelves, M.J. Blesa
M. Steinberg, Y. Dong

E. Bar-Ziv,
Y. Yasur, B. Chudnovsky

153

159

166

172

179

186

194

200







been tested in a number of different combustion devices or
combustion modes. They can be sorted up into five groups,
four of which are illustrated in Fig. 2. The first method
(Fig. 2(a)) is to simply inject the additional fuel into the
combustion chamber together with the primary fuel or in
parallel to it. This can be applied in suspension (flame)
fired combustors or in fluidized bed combustors (FBC).
Fig. 2(b) shows an arrangement where the additional fuel
is added on a bed inserted in the bottom of the combustion
camber. This could be a fluidized (noncirculating) bed or
a fixed bed on a grate. The latter application has been
tested with success [1]. The drawback is that the space
for such a bed in a pulverized coal-fired boiler is rather
small and the fraction of co-firing will always be restricted.
Fig. 2(c) shows an arrangement that has been built on
full-scale boilers in Denmark [2]. The arrangement consists
of a boiler for the additional fuel, separate from the main
boiler, such as seen from the principle sketch on Fig. 3.
The water of the steam cycle flows through the main boiler
and the co-combustor in parallel, which means that both
have the same, and in the case of the plant concerned, very
advanced steam data. The reheater indicated in Fig. 3
is allocated in the main boiler. The co-fuel in this case
is straw or wood pellets, and the principal fuel is gas,
although the main boiler can handle coal and biomass
as well. The arrangement is a consequence of the local
conditions in Denmark.
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Figure 2. Four arrangements of co-combustion: (a) sus-
pension firing or fluidized bed; (b) bed combustion of
additional fuel in a suspension fired boiler; (c) separate
combustor for the additional fuel, coupled to the main
combustor on the steam side; (d) additional gas-producing

unit, coupled to the main combustor on the flue gas side. -
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Figure 3. Parallel boiler for co-combustion inserted into
the steam cycle with turbines, superheaters, and reheater.

One advantage of the separate combustor is that the
ashes of the primary and the additional fuels are not mixed.
This advantage is to some extent also maintained with
the arrangement in Fig. 2(d) [3, 4], where the additional
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fuel is burned under substoichiometric conditions in a
separate combustion chamber, often called "gasifier." The
flue gases, containing a high ratio of unburned carbon
monoxide, hydrogen, and. hydrocarbons, are introduced
into the main boiler through the aperture of the burner
that it replaces. A principal reason to design this device
for substoichiometric combustion is to reduce the thermal
stress on the high-temperature duct combining the two
combustion chambers by reducing the gas flow as much as
reasonable. The "gasifiers" used were developed during the
days of the "oil crisis" of the 1980s for replacement of oil by
bio fuels in the lime kilns of the pulp and paper industry.
Some of these are still in operation without problems.

Finally, additional fuel may also be used for reburning
(whether this is actual reburning at high temperature or
noncatalytic reduction, using the ammonia produced by
gasification/devolatilisation is not important; there are
several possibilities) [5, 6] or for "afterburning" [7], a
technique for reduction of NoO in FBC.

This article will focus on a few of the above-mentioned
items as an example of co-combustion. The utilization
of municipal sewage sludge will be investigated with a
circulating fluidized bed as a co-combustor. The question
to be treated is whether the valuable constituents of sludge
can be utilized at the same time as the sludge deposition
problem is solved or at least reduced. Dry sludge consists
of about 50% combustible matter with an energy content
of 20 MJ/kg and 50% ashes with a content of phosphorous
that is similar to that in fertilizers. Can the energy content
of sludge be recovered in co-combustion, or can both the
energy content and the valuable phosphorous be used? To
answer this question, experiments were carried out in a
test boiler with sludge in combination with coal or wood.

2. Fuels of the Present Study

Properties of the fuels of interest here are illustrated in
Table 1. A few important constituents of the fuels should
be commented upon. As was mentioned above, dry sludge
consists of half ashes and half combustibles. Commercial
coal qualities have ash contents of 10% to 20%, whereas
the ash content of wood is very small. If the phosphorous,
whose concentration is about 4% dry sludge and 8% in the
fuel ash, is to be utilized, co-combustion with wood would
be better than co-combustion with coal in order to avoid
dilution of the ashes. On the other hand, coal is the most
common candidate to use as a base fuel for co-combustion.
This is why both coal and wood are included in these tests.

Sludge contains a very high amount of nitrogen (Table
1) and as much sulfur as a conventional coal, and this can
be suspected to result in high emissions of nitrogen and
sulphur oxides. It also contains at least as much chlorine
as coal. Hence, an assessment of the emissions is also
important.

The sludge, whose properties are shown in Table 1,
is dried. In this case the moisture content was 19%,
but it could have been even lower if the drying had been
continued further. This type of drying takes place before
the combustion process in an external dryer. In order to
utilize the latent heat of the steam produced by the drying,







through the bottom (3), and the remaining air for burnout
was supplied through nozzles in the cyclone outlet (7).
This arrangement of air supply has been called "advanced
staging" (or "reversed staging") and has been proposed
for optimization of the emissions of NO, N3O, and SO2
from coal firing [11]. Fuel, including dry sludge, can be
fed through a number of hoppers (20) suitable for co-
combustion. In the case where wet sludge is used, it can be
fed by means of a reconstructed cement pump (21). The
boiler is equipped with measurement devices for heat and
mass balances, a data collection and evaluation system,
and a number of ports for gas and solids sampling probes.
A typical set of operational data are presented in Table 2.

Despite variation of the fraction of base and additional
fuel between the test cases, the operation conditions of
Table 2 could be maintained by compensation for the
changes in the heat balance of the furnace.

Table 2
Boiler Operation Data
Base Fuel Coal Wood
Added Fuel Dried Sludge Dried Sludge
Load, MW;p, 6.5 5.5
Riser temperature, bottom, °C 841 841
Riser temperature, top, °C 855 857
Exit temperature of afterburn- 772 797
ing chamber, °C
Total pressure drop of riser, 68 68
mbar
Molar ratio, Ca/S 2.3 1.9
Total air ratio 1.23 1.23
Combustor air ratio 1.05 1.03
4. Results

The influence of co-combustion on the emissions of NO,
N,0, SO,, and Cl in the form of HCI both for coal and for
wood as base fuel is illustrated in Figs. 5-8.

Most of the trends in emissions observed as a function
of sludge fraction can be qualitatively explained, based
on previous experience and in relation to the contents of
nitrogen, sulfur, and chlorine of the fuels given in Table
1. Also, one has to consider that the emission is a result
of formation minus reduction of the pollutant concerned.
This is straightforward in the case of chlorine, of which
only small amounts are bound in alkali compounds in solid
form, and most part of the chlorine in the fuel is emitted
in gaseous HCI (Fig. 8). Despite the difference in fuel
nitrogen content, the NO emissions from mono-combustion
in FBC of wood and coal are fairly similar (Fig. 5),
as explained in [12]. As a consequence of the high fuel
nitrogen content of sludge, the formation of NO increases
when sludge is added. The rise of the NO concentration is
mitigated by the ability of the char in the bed to reduce
the NO formed, and as a result the total conversion of
fuel nitrogen to NO is only a few percent. The emission
of NoO is insignificant for pure wood [12] but higher for
coal. With the addition of sludge the emission remains
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more or less at the level of coal, and surprisingly enough
it does not increase further. The reason is unknown; it
may be related to the form of nitrogen in sludge and its
conversion in the bed. It may also be a consequence of
the air staging. The sulphur emission is a result of the
sulfur in the fuel minus the absorption by the limestone
added (Table 2). The calcium-to-sulphur ratio was kept
constant, and then the sulphur emission should be constant
if the sulphur capture efficiency is constant, but the SO4
emission increased with the addition of sludge. The greater
impact of sludge addition on the SO, emission during
co-combustion with wood compared to coal is obviously
caused by less efficient sulfur removal by limestone for
high-volatility fuels, but with an increasing sludge fraction
the sulphur capture efficiency also grew worse for coal, and
other, yet unknown, factors may have contributed too.
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Figure 5. Emissions of nitrogen from co-combustion of
wood (A) or coal (H) with sludge as a function of the
amount of sludge added.

100
g 7 /\. i
<
el = —
T 80 R
g‘ i e L
o 60— ,/ -
£ /
Q| / I
Z 40— 7 L
K 7
-177 20—’ / —
2 :
y'e
0——T 1 T T ]

T
0 10 20 30 40 50
Energy from sludge, %

Figure 6. Emissions of nitrous oxide from co-combustion
of wood (A) or coal (M) with sludge as a function of the
amount of sludge added.







1 sewage sludge serieé 1

2 sewage sludge series 2

3 sewage sludge average

4 liquid manure from pigs

5 solid manure from pigs

6 liquid manure from cows

7 artificial fertilizer

§ secondary cyclone ash,coal,dry sludge
9 secondary cycione ash,wood,dry sludge
10 secondary cyclone ash,coal,wet sludge
11 secondary cyclone ash,wcod,wst sludge
12 bag house filter ash,coal,dry sludge
i3 bag house filter ash,wood,dry sludge
14 bag house filter ash,coal,wef sludge
15 bag house filter ash,wood,wet sludge

Figure 9. Contamination of cadmium when 22 kg phosphorous is supplied to one acre during one year. Comparison of various
P-sources. 1-3 sewage sludge, 4-6 animal manure, 7 artificial fertilizer, 10-15 fly ash. Source: [15]

sewage sludge containing considerable quantities of
nitrogen, sulphur, and chlorine, emission limits can be
satisfied. Depending on particular features of such limits,
special measures might be necessary in some cases to
reduce the emissions below the limits. Two such examples
were mentioned: co-combustion of sludge with wood tends
to exceed the extremely low EU emission limit. Similarly,
the emission limits of chlorine may be exceeded during
co-combustion, but the limits are not well established for
chlorine emission during co-combustion; if such were the
case, simple measures could be taken to bring the emission
below the limit.

Sludge ash cannot be utilized as a fertilizer on agricul-
tural grounds, at least not according to Swedish conditions.
Reduction of the concentrations of the trace elements or
extraction of the phosphorous is theoretically possible but
has not been further investigated.
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