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SUMMARY

In the years 1993-1996, STEM, the Swedish Nationd Energy Adminigtration, has managed a
research program within the area " Small scdle combustion of biomass . Theam of the
program has been to "compile information on and promoate the devel opment of better
equipment for the combugtion of biomass within the Sze interva from domegtic boilers up to
10 MW, with aspects such as environmenta impact, efficiency and cost being consdered'”.

About fifteen open research projects have been conducted within the programme. Examples
being the development of a technique for measuring gas concentrations within combustion
chambers, andlyss of the best avallable technology for domestic boilers and for bailersin the
interval 0.5-10 MW, mathematical moddling of combustion in smdl bailers, the examinaion
of catdytic methods for reducing emissons, the sysematic minimisation of emissonsfrom
smd| plants and the development of a quaity marking system for pellet burners. In addition, a
number of projects addressing product development have been funded through the
programme. An integrd part of the program has concerned the deve opment of an information
and education package intended for use by loca authorities and the generd public amongst
others, in courses, lectures and seminarsfor contractors.

This report gives an account of the activities undertaken, summarises the results achieved and
gives an evauation of the activities based on interviews with a number of people representing
different groups of consumers. The generd view isthat the program has simulated the
development in an environmentally important area and that it has bettered the contacts
between researchers and consumers like the manufacturing industry. Findly some proposals
are given for the next program period.
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SUMMARY

The combustion of wood pelletsin smdl scale heeting systems with an effect beow 20 kW
has increased strongly. It has been estimated that 1,500 small units were operationd for the
heating of houses during the winter of 1995/96.

Stack emissons from three pdlet burners and two pellet Soves were sudied carefully in the
laboratory, with different pellet qudities being tested. When the fraction of finesincressad,
the NOx emissons dso increased by about 10%. As the reference fud, 8 mm pellets were
usad. In mogt cases, tests with the 6 mm pellets gave sgnificantly lower emissons of CO and
THC.

Eleven soves, burners and boilers were sudied in afied test. The results show thet the plants
condgently have higheremissonsin the fidd than under conditions when the plants are
adjugted with astack gas monitoring instrument. One can conclude thet it is difficult for the
operetor to adjudt the plant without a monitoring instrumernt.

The emissions from the plants tested give an esimation of sack gas emissions from amdl-
scae pdlet combugtion. Thereisalarge difference between the "best” and "worst" types of
technology tested. The range of the emissions recorded is given below. Theinterva
conddered isthat of norma combusgtion. During ingppropriate conditions, the emissons are

sgnificantly higher.

- CO80- 1000 mg/MJ

- Ta 0.3-19mgMJ

- THC (as methane equivdents) 2-100 mg/MJ
- NO«x <50-70mg/MJ

- Dug emissons 20-40 mg/MJ

The emissors from heating with pellets are lower than for wood combusgtion and, for the best
technology, they are dose to the emission levesfor ail burners. Although wood and pellets




have the same origin, to burn them in an environmentdly friendly way, they need to be burnt
under different conditions. The combustion of pellets could be further improved by improving
the contral of the air and fud flow, thereby creating more stable conditions for the

combudtion.
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SUMMARY

The purpose of the present project was to study the best technology available for biomass
fired heating plantsin the interva 0.5 to 10 MW from an emisson point of view. Emisson
measurements have been conducted a 21 plants of different type and Size: one Setionary
fluidisad bed, fourteen boilers with moving grates, four boilers with fixed grates, one pellet
burner and one bailer with agesification oven. The plants were fired with different fuds
fuds like woodchips, bark, sawdust and grass, and refined fuds like briquettes ad pellets.
The plants were chosen to be representative of the best avallable or the most common

technology.

The flue gases were analysed for CO, NOx, totd hydrocarbons (THC), methane, ethylene,
acetylene, ammonia, nitrous oxide, CO, and Oz. The messurements were usudly made & the
hesat loads and under the operating conditions given & the time of testing. However, in afew
cases, measurements were made a different loads and air settings.

The excess-air ratio varied considerably between the plants. Mean vaues of the O2 content of
between 4 and 15% (dry gas) were recorded. For plants without Oz contral, i.e, the smdler
ones, the Oz content was between 8 and 15%. These plants are operated at high excess-air
ratios as a precautionary measure in the event of variaionsin the fud feed rate and the fud
qudity. In certain cases, epecidly in plants fired with woodchips, the time- dependent
vaiaionsin the excess ar ratio were large, whilethey were amdler in plantsfired with

pellets or briquettes. For bailerswith O2 control, the Oz content varied between 4 and 9.5%.
Sysemsin which the excess ar ratio was controlled through the secondary air fan showed
more stable excess-air raios than those in which it was cortrolled through the fud feed rate.

In mogt of the plants, the emissons of unburned gases were rdaively low, the CO contert,
for example, was below 400 ppm and the THC content was 5 ppm a most. Most of the plants
had moving arates and were fired with unrefined fuds. A few plantsusing refined fuds dso
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showed such results. No emissions could be recorded of volatile organic compounds, with the
exception of four plants where smal amounts of methane (max 30 ppm) were found for short
periods. However, a two plants with moving grates fired with refined fuds, a CO content of
up to 9600 ppm and a THC content of up to 1300 ppm were recorded. They were
accompanied by increased levels of methane, ethylene and acetylene.

The boilers with fixed grates were fired with refined fud's and showed sTdll emissonsof
unburnt materid provided that the heet load was sufficiently high. At lower loads, the

emissons of CO and hydrocarbons increased. This was aso the case for the pellet burner,
where THC contents of up to 100 ppm and methane peaks of up to 113 ppm were measured a
lower loads. For the boiler with gagification oven, low emissons of unburnt materid were
recorded when firing with moist woodchips or amixture of bark and dry woodchips, while the
emissons were higher when firing amixture of bark and sawdust. Generaly, alow and/or
varying heat |oad was accompanied by higher emissons of unburnt hydrocarbons.

The NOx emissions were between 35 and 230 mg/MJ and in about haf of the teststhe
emissons were above 150 mg/MJ. These emissons ae high in comparison with the oft usd
emission limits of 50 mg/MJfor larger plants and modern il burners To alarge extent the
emisson from grate boilers depends on the nitrogen content of the fuel. Chips from lumbering
wadte with a high nitrogen content gave emissons of 150 mg/MJ or more, while the levels for
sawdust and refined fuels made from sawdust were between 50 and 100 mg/MJ. The
correlation between the nitrogen content in the fudl and the corresponding NOx emisson was
quite good over the ertireinterva of 0.1t0 0.6% N inthefud. Lower emissonsthan
expected from the nitrogen content can be explained by high contents of unburnt fuel
contributing to the reduction of NOx. The higher NOx emissons can probably be explained by
irregularitiesin the fud movement on the grate giving rise to spots where the fud bed isthin
and the fud burns & high excess-air ratios, aswdl as by other irregularities.

With the am of reduding the NOx-emissions, experiments were conducted in three plants.
With the fluidised bed, the emissions could be lowered by 35 to 45% by reducing the 02
content by about 2 percentage points, athough this was accompanied by an increasein the
content of unburnt fuel. With the moving grates, changing the combustion ar digtribution,
decreasing the excess-air ratio and recirculating the flue gas were investigeted. The reduction
in the NO« emission through changing the air distribution was 10 to 15%. Larger effectswere
not found, in part this can be attributed to the damper sysems and the other regulating
equipment in these rather smdl plants prohibiting radical changesin the arr ditribution.

When the O, content was decreased by 1 percentage point, the NOx emission did not decresse
sgnificantly, while the levels of unburrt fuel increased somewha. In the experiment with flue
gas recirculation, the NOx emisson decreased, but the unburnt fuel content became

unacceptably high.

Thefallowing condusions can be drawn from the measurements
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. The excess-ar raio in sndl biomass-fired hegting plantsis often high. The smdlest
plants have no system for Oz control. The introduction of regulation in smaler units and
the improvement of the existing regulation in larger ones would be desrable to increase
the boiler efficency whild retaining the combustion efficiency.

. Theemissons of CO and hydrocarbons are normaly low with CO leves of afew hundred
ppm and THC contents below 5 ppm. There are normdly no emissons of volatile organic
compounds (VOC), with the exception of afew ppm of methane. There are plants with
higher emissons of unburnt fud where higher levels of primarily methane are recorded.
Low and/or varigble heat loads lead to an increase in the emisson of unburnt fud. On/off
contral in its present form is not acceptable at low loads. Thereis aneed for the
development of designs which can handle low and variable hest |oads better whilst
retaining the combusgtion efficiency. The need is perhaps greater for plants using refined
fuds, ance they are often operated under more variable conditions. In this context, a
specid area hereisthe pelet burner, which is often used for converting oil-fired plantsto
biomass ones.

. Theemissons of nitrogen oxides are high compared to those from larger plants, often
above 150 mg/MJ. Theselevels are probably not acceptableif the use of smdl plants
becomes extensve. The emisson level depends to alarge extent on the nitrogen content
aswdl as on the behaviour of thefud on the grate. The Smplest way to subgtantialy
reduce a high NOx emisson is to subdtitute an unrefined fud with a high nitrogen content
with arefined fud with alow nitrogen content. Exigting plants cannot be tuned to give
gppreciably lower NOx emissonswithout retrafitting. The possibility of developing
technology for NOx reduction on asmaller scale should be studied.

. Itisnot possble to explain the combusgtion eventsin detall from the measurements
performed. Neverthe ess, these measurements do indicate critical factors from an emisson
point of view. Among other things, irregularitiesin the combustion chamber and on the
grate are shown to be important factors for the combustion efficiency and for the
emissons

. More extengve and systematic measurements are needed a individud plantsin order to
be able to propose measures by which to reduce emissons. The measurements conducted
here are from afidd sudy, which has primarily been performed under the existing
operaing conditions.

12
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SUMMARY

The purpose of the present project was to sudy the emissions from some of the best available
wood-fired centrd heeting bailers on the market. The am wasto identify the critica factors
which determine the emission levels by means of emisson measurements and by temperature
measurements in the combugtion chamber. Four boilers with different design characterigtics
have been induded in the project dl of which use reversed combudtion and fantassisted
combugtion ar supply and have been shown to have low tar emissonsin environmentd tests
performed earlier. Bailer A isaboiler with arather large mass of ceramicsand hasalarge
volume of water. Boiler B hasa amdl cad-iron grate and asmdl water volume. Bailer Cisa
boiler with atertiary ar supply and has an accumulator tank incorporated. Boiler D hasa
zirconia-cd| probe for continuous control of the excess arr ratio. The measurements have been
meade with the boilers in accumulator operation, i.e, a the maximum hegt output, Snce they
areintended for operation under these conditions. In addition to normal operating conditions
tests have been made with high moisture contents of the fud, alarge draught and alow boiler
temperature a the sart of the test. Measurements have been made of the excess-air ratios, the
CO content, the total hydrocarbons (THC), NOx and of anumber of volatile organic
compounds (VOC) in the flue gases as wdl as of the combustion temperatures below the
grate.

Indl tetsthe emisson leveds varied srongly in the different phases of the combudtion cyde.
During the gart- up phase the excess-air ratio is high and the combustion temperature is low.
Thisleadsto high emisson levels of CO and of unburnt hydrocarbons. When the combusgtion
dabilises, the combustion temperature increases and the levels of unburnt materia decrease
rapidly. In thelast part of the combugtion cyde when only asmdl amount of fud remains, the
excess-ar ratio increases and the combustion temperature decreases, which leads to much
higher emissons of CO, but nat normaly of unburnt hydrocarbons snce the fud has been
amog devolatilized a this Sage. Perturbations dso occur during the continuous phase when
fud bridges are built up which then collgpse leading to irregular emission pesks of unburnt
materid.
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A clear corrdation could be established between the temperature below the grate and the
emissons of unburnt material. At temperatures below 800 °C the CO and hydrocarbon
content of the flue gases increased strongly. These conditions occur in the Sart-up phase and
inthelast part of the combugtion cycde. During the Start-up phase heet is consumed in
warming up the grate, the burn-out zone and the boiler water. In the last part of the cycle, the
cooling effect of the combustion ar introduced is larger than the heat rease from the
combustion S0 the temperature decreases. This phaseislonger for boilers A, B and C where
the air supply is congant, than for boiler D where the air flow is continuoudy adjusted to
maintain a congant oxygen content in the flue gases.

Mean va ues have been cdculated for the emissions for three periods. the sart-up phase, the
environmentd test period, i.e., the whole test excluding the start-up phase, and for a period
with a continuoudy high combustion efficiency. For the environmentd test period the CO
emissonsfor boilers A-C normdly layin theinterva 900 - 1,300 mg/MJand for boiler D

they fdl intheinterval 500 - 700 mg/MJ. For the same periods, the THC emissions for boilers
A and B were 60-150 mg CH4/MJ, for bailer C they were 25-80 mg/MJ and for boiler D 13-
40 mg/MJ. The NOx emissonsfor boilers A, B and D fdl in the interval 100-115 mg/MJ and
for bailer Cin theinterva 80-95 mg/MJ. The emissons of VOC componentsfor boilers A
and B were 20-60 mg/MJand for boilers C and D they were 10-25 mg/MJ. During the Sart-
up phase the emission levels of CO, THC and VOC components varied from test to test, but
they were condstently much higher than during the rest of the combudtion cyde Thusa
subgtantia part of the total emission from the boilers was attributable to the sart-up phase.
Thisisadso confirmed by ahigher flue gastar levd during periods induding the sart-up

phase than those exduding it.

When firing fud with a high moisture contertt, the levels of unburnt meteria emitted
increased many times compared to the norma case for boilers A and B. For boiler C the
increase was much smdler, and boiler D showed no increase a dl. Furthermore, the NOx
emissons from bailers B and D increased by about 20% when moist wood was used.

For boilers A and B the levels of unburnt meteriad during stable periods with good combustion
effidency were about haf of the mean vaues for the whole test period excluding the sart-up
phase. For bailers C and D, CO levds of below 50 mg/MJand THC leves of below 20
mg/MJwere measured indicating thet the burn-out efficiency in these bailersis very good
when combudtion is as intended. For these boilers the VOC emissons are ether not detectable
or detectable a leves of afew mg/MJ. For boiler C avery high efficiency was recorded when
the combustion was stable. However during the tests disturbances did occur, probably dueto
the fact thet the fud charges were only 50% of the maximum fudl volume, resulting in the
build-up of fud bridges and the subseguent blocking of primary air inlets as the fud bridges
collgpsed. An environmentd test conducted previoudy has confirmed the low emisson levels
of the boiler when combudtion is stable. The control of the excess-air retio for boiler D leads
to very stable combustion with low emisson levels. Disturbancesin the fud stacking did not
influence the emissons from thisboiler & dl.
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In condusion, it can be stated that the best technology available today for wood-fired centra
heating boilers enables wood firing to take place with sgnificantly lower leves of unburnt

fud being emitted than the modd s given environmenta gpprova previoudy. The behaviour
of thefud in the fud chamber givesriseto smdler or larger disturbances in the combustion
process. It istherefore important to develop and apply technology which minimisesthe
influence of these disturbances on the emissions. An example of such technology isthe
zirconia-cdl probe, which isincorporated in boiler D. Another important areaisto minimise
the emissions from the Sart-up phase when a condderable proportion of the emissons from
boilers usng advanced combustion technology is produced. Novel methods should be
developed for the rapid ignition of the fud. It can be concluded that the emissons of VOC are
condderably lower then in measurements on bailers given environmenta approva earlier. To
alarge extent the emissions occur during the start-up phase and fter fud charging.

Further gudiesin alaboratory test rig are needed to understand how the start-up procedure
and the disturbances during continuous operation can be influenced and to better comprehend
their consequences. Studies of different methods for supplying the combugtion air should dso
be made in such arig and the importance of the resdence time examined.
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SUMMARY

This project shows thét it is possble to use pellet-fud in an ordinary sl boiler without
usng a pele-burner.

Our method includes three seps. anew kit (pellet-adapter), an accumulator tank and a
mechanica door to providea stable draw. The pellet adapter operates best in boilerswhich
are made for firing wood or other biomass. We have built and tested Six different kinds of
adapters that are representative of many of our most generd boilers. Our adapters can be used
in more than 100,000 small housesin Sweden.

We can describe our method briefly as being amethod for the provison of the most gable
burning conditions possible and intended to make the process stable throughout the firing-
cyde The accumulator tank makes the energy requirement stable, the mechanica door
contralling the draught makes the airgpeed ingde the combustion chamber stable and the
pellet adapter ensures stable gasfication of the pelet-fud.

Our adapters are made of stone and stedl. They reduce the ordinary grate to onethird. Thisis
necessary because pdlets contain more energy per litre than wood and convection-section of
dl ordinary boilersis congructed for the efficient burning of wood. The adapter dso includes
an "after-burning-chamber” for a secondary gas burning process not in contact with water
cooled areas and with a"fdl-in-system" for the trangport of pdletsinto the firing zone

The results of this project show thet it is possble to fire pdletsin asmple manner inan
ordinary bailer. The adapter gives an improved environmenta performance and ismore
effident. Economicdly it is possible to reduce the cost of heeting to 40-50% that of ail.

We have shown that both sdlf-draughted and ventilator- operated boilers can be converted into
pellet firing boilers. These are only the amdlest of the S0 cdled "combination boilers’ and it
should be noted that some of the bailers using overflame technology are difficult to convert.
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SUMMARY

The purpose of this prdiminary sudy was to define the type of factors that should be
investigated in a proposed test rig for wood log firing and to propose adesign for such atest
rig. The bases of this preiminary study were provided by the experiences from the project
"Andysis of the best available technology for smdll-scale wood-fired boilers , experiences
from the sandard tests for the environmenta certification of boilers and aliterature survey.

The combustion of logs of wood is a complex process because of the characteristics of the
fuel and because the boiler is batch-wise. The temperature leves required and the supply of
ar for combudtion vary during the combustion cyde.

Theinteraction between the boiler design, the characterigtics of the fud and the behavior in
the combudtion chamber completely determine whether one obtains agood and stable quality
of combustion. Modem bailers with down-draught firing periodicdly function very well, with
low levels of emissons and a high combustion efficiency. Further development requires a
lengthening of these pariods of gable combudion. To achieve thisit isimportant to find
generd modd s providing an increased understanding of the combustion processesin batch-

wise wood log combugtion.

The combustion process in aboiler can be sparated in two parts 1) the fud bed, the grate
and the combusgtion air supply; 2) the combustion of the gases generated. Exigting knowledge
of the latter part, gas phase combustion, isrdaively good. In contradt, thereis much less
known about the behavior of the fud bed in interactions with the primary air inlet, the grate
and the secondary arr inlet, whence the test rig will focus on these phenomena
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Thus the purpose of test rig is the following: It is designed to make it possble to investigate
the behavior of the fud bed under the influence of anumber of congruction parameters and
different types of fudl. Of gpedid interest is the study of the interaction between the fud bed
and the supply of primary ar between the fuel bed and the grate and between the fuel bed and
combustion chamber. In addition, the test rig will be so desgned thet subjectsinvolving the
burn-out chamber can be sudied.

A proposd for the design is proposed. In the test rig one can vary the position and design of
the primary and secondary air inlets, the grate type, the amount and ratio of primary and
secondary air, the blowing or suction combugtion ar fan aswell asthe temperature profile of
the burn-out chamber. A proposed test schemeis presented aswell asalist of parametersto
be measured.
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SUMMARY

A qudity marking sysem for pdlet burners with anomina heet output of maximum 25 kW
has been developed. The system is a P marking system, which meansthat SP, the Swvedish
Nationd Testing and Research Indlitute, is respongble for the certification of the sysem. The
cetification rules and the test method have been developed in cooperation with the
manufacturers of pellet burners and the authorities concerned. A project group has managed
the work which has been conducted with funding from the Swedish Nationd Energy
Adminidration.

Nowadays smd| scde pelet burning is an economicdly interesting option for domestic
heating. The number of burners sold is rgpidly increasing, as are the number of manufacturers,
As acomprehengve sysem for the quaity marking or goprova of pelet burners has not been
edablished, it was congdered important to develop such asystem.

Certification rules defining the technica requirements with regard to the safety functions,
effidency, emissons and operationd rdiability are presented. The requirementsin terms of
the technical documentation, the ingtalation and the maintenance indructions and quity
assurance in the manufacturing process are dso formulated. P-marking dso indudes
requirements for nonitoring the production process.

Thetechnicd requirements have been discussed with the manufacturers at a number of
mestings and the certification rules and the test method have been circulated twice for
condderation. The rdevant authorities and other parties have aso expressed their viewsin the
course of the project. The test method has been vdidated on four different burners.

The sysem has been very postively recaived by both manufacturers and authorities, and the
firg P-marked burners should have gppeared on the market during the autumn of 1997.
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SUMMARY

A dudy has been made of the prospects for using catdytic techniques for the abatement of
emissons from the smdl- scde combusgtion of biomass. The results show thet there is greet
potentid for cataytic techniques and that the emissons of CO and unburnt hydrocarbons can
be reduced, and that indirectly the emissons of NOx can be reduced.

The am of the project was to methodicdly indicate the requirements thet the catdyst and the
boiler must meet to enable low emisson combusgtion utilisng this technique. Furthermore, it
wasintended to develop new catalyst that meet these requirements in the project and to gpply
the catdys on smdll-scde soves. Through experimenta work, these gppliances have been
evauated and conclusions drawn concerning the optimisation of the technique.

TPS Termiska Processer AB, the Department of Chemicad Technology & KTH, Persorp AB
and CTC-PARCA AB have collaborated closdy inthis project. The development of new
catdystshas been conducted by KTH in collaboration with Perstorp, while the work
performed by TPS has been directed towards the integration of the monalithic catdygsin two
different sovesthat CTC supplied. In addition, a net based catayst developed by KATATOR
has been tested.

Within the project it has been verified experimentaly that a 60% reduction of the CO-
emissons can be achieved for the monalithic catayssin awood-fired sove. Further, this can
be achieved without even optimising the design. Experiments on asmdler scae and under
well controlled conditions have shown that areduction of CO of amaost 100% can be
achieved. The parametersthat limit the converdon in the catdy<t, and thereby prevent low
emissons leves being reeched, have been idattified as

- Thedhort resdencetime

- Masstrangport limitations caused by the large channd width
- The uneven temperature profile across the catdys

- Inaufficent mixing before the catdyst
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Within the project it was shown that the emissions during the start-up phase could be reduced
by prehedting the catdyst and, Snce the emissions during this phase arelarge, thisimplies

thet the totd emissions can be greetly reduced by solving the practica problems with the
prehedting. Minor dterations of the Sove design have resulted in lower emisson levels. Of
course it is advantageous if the concentrations can be reduced through the introduction of
smple modifications, eg., changes to the combugtion zone and the flow through it and after
the grate. The resullts dso show the need for the integration of the catdys in the Soveto be
optimisad. A moderate reduction in the emissons can be achieved by gpplying the catdy in
the chimney dfter the ove, however, to obtain a high converson in the catdyser and redly
low emissions, the catalyser ought to be integrated in the Sove a the design phase.
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SUMMARY

This project concerned the use of catdytic methods for the purification of gases resulting
from the smdll - scle combustion of biofud. The main goa wasto develop an active, durable
and inexpensve catalyst based on catdyticaly active wire-mesh structures.

Thefirg task was to develop atechnique for manufacturing the wire mesh catayst. Thework
congsted primarily of finding away to make a ceramic layer dick to ametal subdtrate. It was
important thet the layer was thermaly stable and would not come off easily. The next sage
was to invedtigate different techniques for enlarging the spedific surface of the ceramic layer.
Findly research concentrated on finding different catdyticdly active materids for the
combustion reactions desired.

The wire mesh catdyst used was manufactured by atherma- spray technique, whereby a
polymer/auminalayer is sprayed onto ametal substrate, comprised of awire mesh. The
goecific surface of the porous layer could then be enlarged by deposting duminainto the
meacro-pore system. Findly the active materia (Pd/Pt or Pd/PY/V/Cu) was incorporated into
the pore system.

The combustion experiments were performed in alab-reactor where the temperature, flow rate

and compodtion of the flue-gas could be varied across a greet range. The catdyticdly active
wire-mesh nets hed a diameter of 90 mm.

The invedtigation included the combustion of carbon monoxide (CO) and the mast common
VOCs from wood burning (ethene, propane, butadine, methane, ethyl acohol, benzene and
terpenes), in addition to which, the catal ytic combustion of carbon, soot particles and tar was
sudied. Studies were dso made of the influence of the mesh number, the number of wire-
meshesin series, the flow rate, the specific surface area and the load of active materid in the
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cadys.

Thermd deactivation tests were performed a three different temperatures and with two
different compogtions of active materid. The resstance againg chemica deectivation was
studied by impregnating the catalyst with solutions containing deactivating Species, eg.,
dkdine and rare dkaine earth metas

Prdiminary long time trids were carried out in awood-fired sove over aperiod of 160 hours.
A scan of different regenerating methods showed that the cataytic activity could be
completely regained.

The tests in the commercid wood-fired furnace induded experiments as well as theoreticd
caculations of the converson of cabon monoxide. The results from the modd tallied well
with the experimentd results,
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SUMMARY

This sudy investigated whether it istechnically and economicdly possble for smal pelet
burnersto use a control system that regulates combustion.

Measurements have been made on three different burners with the result thet it is possible to
control al of them. With the right selection of components, this can be achieved & an
economically acceptable price.

The concdusion isthat there are both technica and economic advantagesto the incdluson of
control. The concdluson is basad primarily on the ahility to guarantee a high combustion
efficiency, which is necessary to achieve an economic ingalation for the end customer. On
top of this control of this type gives much better options for the minimisation of
environmentally detrimenta effects. It should be noted that the mechanica congruction itsdf
iswhat provides the ultimate limit on the performance.
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SUMMARY

This report evauates the suitability of the program CFX asatool for desgning future

furnaces and soves with alower environmenta impact than is presently possble.

Cdculations have been carried out with CFX4.2 for awood stove with a cylindrica secondary
combugtion chamber. The gases from the primary zone pass through a"neck” into the
secondary chamber. The secondary combustion air is provided through a number of holes
positioned on ether Sde of the neck. Two different configurations have been modeled for the
secondary air supply and tested experimentaly, one with 20 holes on each Sde of the neck
and the other with 10. The results of the cd culations have been compared with the
experimenta results

Thefirg calculation took no combustion chemistry into account. The purpose of this
cdculaion was to enable a quditative comparison to be made of the mixing between the
gases and the secondary combustion air for the two configurations of secondary air supply.
The resullts show thet the second configuration gives significantly better mixing of the gases
and the secondary arr. Thiswas substantiated by the experimenta results which showed thet
the emisson of unoxidised combudtible gases (CO) islower for this configuration due to
better mixing.

Two modds have been tested that incorporate the combustion process. Oneisthe "Mixed is
burnt" combustion modd, which assumes that fuel and oxidant cannot coexis at the same
place and time. Thismodd does not take the temperature and time dependence of the
reactions into consderation, whence the results of the caculaions show that dl the

combudtible gases are completely oxidised before leaving the secondary combustion chamber.
The other modd that has been usad indudes the chemicd kineticsin asmplified way. This
modd takes the time and temperature dependence into congderation when cdculaing the
reection rate. For the cdculations, the combustible aases have been assumed to consid of
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carbon monoxide which reacts with the oxygen in the combugtion ar to form carbon dioxide.
Theresults of these calculations show that the emission of carbon monoxide is 13 ppm, which
isof the same order as the experimentaly measured emissons despite the fact that only one
reaction has been included in the modd.

Thereaults of the calculations show thet CFX isan excdlent tool for smulating combusting
flowsin complex geometry’s like furnaces and Soves. In just ashort timeit is possbleto
evduate how different configurations will affect the combustion process. In the search for
improved designs, the use of thistool, even in the present primitive form, could save a
condderable amount of time and money that would otherwise need to be spent on trid and
error experiments. By using the chemicd modd it is possble to estimate the emissons of
different gpecies, dthough one should am to indude the complete list of combudtible gases
and their reaction paths for product formation to get more precise predictions.
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SUMMARY

Many housesin Sweden are heated by direct eectrica heating. The decison to transform
Sweden into asustainable ecologicd society (and to cose down the nudear power plantsin
the long term) has resulted in the need to trangform the Swedish hegting system. At presant,
indalations thet reduce the ectrica power requirement in houses heated by direct eectricity
are ubsdised. Such inddlations indude woad soves and centrd heating. Thisfact, in
combination with the increesing production of wood pellets— Sweden currently hasthe
largest ingdled production cgpacity in the world— makes pdllet soves an atractive
dternaive for houses without a central hesting sysem.

Since pdlet goves are new on the Swedish market, there is limited experience of the function,
operation and safety of such soves and of the emissons from them. The objective of this
project was to study the importance of the ingdlation in terms of these features and to
produce a basis for P-marking rulesfor pellet Soves.

Two pdlet doves were indaled, each of which was tested with three different chimney
diameters (80, 100 and 153 mm). In order to evauate the combustion efficiency, safety
agpects, condensation and corrosion in the chimneys, the stoves were tested under different
operating conditions with continuous measurements being made of the emissons and flue ges
temperature.

The combustion performance was satisfactory for dl three chimney diameters and dthough
the chimney temperatures were rather low in some cases, there was no visble sgn of
condensation. As expected, the draught was found to depend on the chimney diameter so an
appropriate diameter should be stated in the ingdlation indructions. With the amallest
chimney, a backflow of flue gases was observed through the convection fan during the start
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up phase when the chimney was cold. Thus chimney Szes of 80 mm or lessare not
recommended.

Theinsulaion for chimney diameters of 80 and 100 mm condsted of a10 mm air gap. The
connections between the chimney parts conducted heat, resulting in heat losses.

The ingdlation indructions should contain guidance about how to inddl and postion the
stoveto facilitate deaning and the remova of ash. Indructionsfor carrying out chimney
sweeping and deaning should aso be induded.

Therisk of corrosion in the chimney has been deemed to be quite small in most cases
Corrosve conditions may, however, arise if incomplete combugtion occurs or if the pdlet is
produced from bad (contaminated) raw materids. As a consegquence, the demands imposad
upon the choice of materid for chimneys used in combination with pellet Soves need to be a
least asrigorous as those impaosed on chimney materid for oil combuding soves.
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SUMMARY

Thisreport evauates the program CFX asatoal for designing future furnaces and soves with
lessimpact on the environment then is passible with the present technique. Caculations with
CFX4.2 have been carried out for a cylindricad secondary combigtion chamber for awood
gove. The gases from the primary zone pass through a'"neck” into the secondary chamber.
Secondary combustion air is provided through a number of holes placed at each sde of the
"neck”. Two different configurations for the secondary ar supply have been modeled and aso
tested experimentaly, one with 20 holes on each Side of the "neck” -and the other with 10
holes The results of the cdculaionsis verified by the experimentd results

Thefirg cdculation induded no combustion chemigtry. The purpose of this calculation was
to get aquditative comparison of the mixing between the gases and the secondary
combustion air for the two configurations of secondary ar supply. The results shows thet the
|ater configuration gives better mixing between the gases and the secondary air. Thisisaso
verified from experimenta results which shows thet the emisson of unoxidised combustible
gases (CO) islessfor the later configuration. Thisisaresult of the better mixing.

Two modds that include the combustion process has been tested. Oneisthe"Mixed isburnt”
combustion modd which assumes that fuel and oxidant cannot coexigt at the same place and
time. Thismode does not take the temperature and time dependence of the reactionsinto
congderation. Therefore the results of the calculations shows thet dl the combudtible gasesis
completdy oxidized before leaving the secondary combustion chamber. The other modd thet
has been used indude the chemica kingticsin asmplified way. Thismodd takestime and
temperature dependency into congderation when caculating the reaction rate. For the
cdculations the combustible gases has been assumed to congs of carbonmonoxide which
reects with the oxygen in the combustion air to form carbondioxide. The results of these
caculations show that the emission of carbonmonoxide is 13 ppm which isin the same order
as the experimentally measured emissions despite the fact thet only one reection for the
carbonmonoxide to form carbondioxide isincluded.

The reaults of the cdculations show that CFX isan excdlent tool for smulating combugting
flowsin complex geometry'slike furnaces and soves. In short timeit is possble to evduae
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how different configurations will affect the combugtion process In practica research for
development of improved designs, the use of thistool, even in the present primitive form, can
save consderable time and money that would otherwise be spent on trid and error
experiments. By using the chemica modd it is possble to estimate the emissons of different
gpecies. Although the complete list of combustible gases and their reaction pathsto form
products should be included to get more exact predictions.
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SUMMARY

A literature sudy has been carried out to find mechanisms for control of nitrogen oxide
emissons from amdl- scale biomass fired combustion devices The underlying nitrogen
chemistry has been sudied. Three paths of nitrogen oxide formation has been identified:

Therma NO
Prompt NOx
Fud NO«

Out of these three mechanisms only fud NCOx is of interest, and the others are neglected &t the
temperature level concerned.

The results from this study have been used to identify limitations and possibilities for NO«
and CO abatement. A beacon has been to find efficient methods for NOx abatement at the
same time as complete burn-out of the fud is of greatest importance.

The NO abatement work of many of the Svedish manufacturers of sml-scae combustion
devicesis destribed. Thisgives vdugble ingght in the practica possibilities and limitationsin
grivefor low NOk emissons.

From the literature and the contacts with manufacturers some factors of greet importance for
NOx emisson control have been identified. These are:

Thefud (nitrogen content, shepe, Sze, the height of the fud layer and the tendency of the
fud to dick).

The stoichiometry in the volume above the fud bed (should be 0.6- 0.8). The mixing of
the gases above the fuel bed.

Themixing of tertiary ar into the main gas flow.

The thermd load of the combustion chamber (resdence time).
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All the secondary measures studied but selective cataytic reduction have been regected.
Sdective catdytic reduction could be a possible solution to the NOx emisson problemiif it is

necessary to further lower the emissons from these amall - scale biomass combustion devices
despite the codt.
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SUMMARY

Eight different pdlet qudities with the diameters 6, 8 and 10 mm, from eght different
producers has been tested in three pellet burners and two pellet Soves. The objective wasto
investigate how different diameter affect the emissons of CO, OGC and NO, Previous
experience hasindicated that could have significant importance for the combugtion. Thiswas
not verified in the Sudy. It showed contradictory thet the diameter has aminor effect on the
combugtion result.

The sudy shoves that different combustion equipment give different emisson. For eg
hydrocarbon emissons the difference is afactor 2,2 between the "best” and the "worst”
equipment fired on full load. The difference increases to 2,7 with lower load. The choice of
fud has abig importance for the qudlity of the combustion. For hydrocarbons the emissons
could in an extreme Stugion differ with afactor 25 between "best” and "wors™" fud. More
normaly the difference is about afactor five.

Nitrogen oxide emissons are to amgor part related to the nitrogen contentsin the fuel. The
difference between the "bet”" and "word” fue isin the range of afactor two. Testswith the
same fud in different equipment gives avaiation of 20-30%.

The combustion result depends on both the pellet quality and the equipment and thereisno
fud that isgood in a equipment. The big variation in combustion results shows that thereisa
big indifference between fuds used for smdl scae hedting.
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SUMMARY

A qudity marking system for pellet soveswith anomind hest output of max. 15 kW has
been developed. The system is a P-marking system, which meansthat SP, Swedish Nationd
Testing and Research Indtitute, is respongible for the certification system. Certification rules
and test method have been daborated in cooperation with manufacturers of pellet sovesand
with the authorities concerned. A project group has managed the work, which has been
conducted with funding from Swedish Nationd Energy Adminigiration.

To replace dectrica heating of smdl housesistoday a high priority task. Aninteresting
dterndiveisto inddl apelet gove, provided with an autometic fud feed sysem and which
can cover acongderable part of the hesting demand. This techniqueis today established in
USA. In Swveden the interest isincreasing rapidly, partly because of a greater access of pellet
fud and partly because of recent palitical proposas. Today there is no established, complete
system for qudity marking or gpprova of pellet soves. It has therefore been consdered
important to develop such asysem.The ceartification rules defines technica requirements with
regard to safety functions, efficiency, emissons and operationd rdiability. Requirements
concerning technical documentation and the contents of indtallation and operating instructions
aswell as concerning qudity assurance in the manufacturing process are dso formulated. The
system a'so indudes requirements on surveillance ingpection.

Thetechnica requirements have been discussed with the manufactures during a number of
medtings. The certification rules and the test method have aso been circulated for
condderation at two stages. The authorities concerned and other parties have aso expressed
ther views under way. The test method has been vaidated on seven different Sovesduring
the course of the project.
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Fax Summary (pages)
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SUMMARY

This report treats mathematica modelling of combustion related processes occurring in smdl-
scae, log-fired boilers A modd of the drying and pyrolyss of asingle log of wood, amodd
of gas phase combustion reactions and amodel of the e ementary composition of fuel released
from alog-fire have been devel oped and used
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SUMMERY

Operationd problems are often encountered in smal scde pellet burners because combugtion
leads to ash collecting where the pdllets are burned. This ash can then sinter gently or disturb
the ar supply through the pdlets bed in some other way. Modern domestic pellet burners
usudly use the primary arr to trangport the ash away from the combustion zone. Lower
efficency is associated with areduced airflow, and thus with the gbility of the burner to keep
the combugtion zone free. Digturbances to the airflow have become an issue. In addition to
these operationd problems, technica problems associated with combustion can arise that
affect bath the efficdency leve and the environmentd performance.

When problems do arise, they often occur in combinetion with changesin theload. That isto
say, in connection with sarting and stopping the burner, or when the required output for the
building israpidly changed. To meet this change in demand, the producerstry different
solutions based on rgpid starts and stops and/or trying to run the burner in amodified manner.
Inlarger burnersit is not uncommon for the exhaust to be recyded to regulae the

combusdtion.

In many of the pellet burners used today thereis a congderable surplus of ar when ore tries
to reduce a burner’ s power output, and dmost dl burners have problems with the collection of

ah.

Theaim of the sudy

By recyding flue gasesand mixing them into the air being usad for combustion, one ought to
be able to control and regulate the results of the combustion process and, through this,
influence the efficiency and the environmenta performance. The am of this prdiminary
investigation wasto study the influence of recycling on the output from the combustion,
particularly with regard to the air surplus, turbulence and ahility. Of additiond interest were
the influence recycdling had on the excess air and environmenta performance (CO and OGC).

Furthermore, the am has been to ascertain the possibility of being able to govern the
admixture of recyded flue gas in the combugtion process automaticaly usng a lambdasond
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and Op-reguldion. This could be the opening for awhole new generdtion of smdl pelet
burners with an improved and more stable production, with agood environmental
performance and that can automatically correct for disturbancesto the air flow from different
sources, from uneven pdlet quality or from a changed output.

Results

Our test results show that recyding of flue gas has a positive influence on the combustion
results Thetechniqueis very interesting for the regulaion of combugtion in smdl pellet
burners and to achieve good combusgtion performance, even when avariable and/or low load
Isrequired. Recyding the flue gas back into the combustion results in anumber of technicd
advantages:

Higher temperature of the air being combusted gives a more rgpid combustion process.

The more stable gas flow through the burner gives smilar turbulence for different loads
and improved removd of the ash.

Better use of fud in the combustion zone
Lower ar surplus and lower emissions of CO and THC.
Reduced sensitivity to unevenness in the pdllet qudlity.

However, our investigations do dso show that there are difficulties associated with

contralling the regulation by only regulating the O,. Recyding influences the flow of flue

gases and therefore the draught conditions in the burner, which in its turn strongly influences
the combustion results In certain cases, these rdaionships disturb and counteract each other
to such an extent that the desired regulatory effect completely disgppears. We have attempted
to ingdl asmple flgp againgt counter draughts in the exhaugt pipe, but dthough this has
improved the Stuation consderably, it is probably not enough to conpletely compensate for
the changes in under-pressure . Thus, on the downsde, one must note:

Itislikdy that automatic compensation for under-pressure would be absolutely necessary.

Regulation puts a higher demand on the competence of the inddler.
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Optimerad ved/pdletspanna med Flue gas condensation in adomegtic boiler
rokgaskondensering: Fordudie burning wood logs or pdletised wood - a
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Forfattare/ author Organisation
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Address Telephone E-mail
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Fax Summary (pages)
2.1 +46 155 26 30 52| 1 (1)
SUMMARY

Theam of thisongoing prestudy isto investigate the feasbility of usng flue gas

condensation in adomestic boiler burning wood logs or pelletised wood. Hue gas condenser
has been used for some period in natura gas or oil-fired smal-scale boilers but has been
avoided in wood burning systems due to high ash and tar content in flue gas. With
pele-firing or catdytic flue gas deaning the tar en-fisson isin generd so0 low thet thisisno
obgtruction.

Cdculations prove that with norma moist wood there isasgnificant gain in boiler efficiency
when reducing theflue gas temperature from today's 150-250°C. In particular when part of

the steam in the flue gases is condensad the efficiency gain can be of the order of 10% or
more.

One possible advantage with aflue gas condenser is the particle collection on the water film
on the cooling surfaces but aso other combustion products can be collected such as heavy
hydrocarbons, organic acids etc. As dry wood is usad in thiskind of applications the amount
of condensed water & norma condenser temperatures are low.

Inthe project an exigting boiler a TPS |aboratory has been equipped with a condenser and the
experimental work isjust to be started.
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Fax Summary (pages)
2.2 +468108579 [1(1)
SUMMARY

The god of the project isto develop catdysts for abatement of the emissons from
gmdl-scae combustion of wood. The idealis to convert the harmful compounds (mostly
organic compounds and carbon monoxide) in the flue gasesinto harmless products such as
carbon dioxide and water. Using cataysts the converson may be redised & moderate
temperatures thus avoiding the risk for formation of nitrogen oxides.

The catdyds, which have been studied so far are sdected among the wdl known catdysts for
total oxidation of organic compounds. They contain noble metas, metd oxides or
combinations of both of them. The latter arein the focus of our interest. These catdyds are
much chegper than the catayss based only on noble metds, such as platinum and pdladium.
Moreover these catdyds have aufficent activity and mogt of them have high therma sability
and resgtance to chemica deactivation, which is of importance for their practica application.
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SUMMARY

Theam of the project isto develop the technology for catalytic abatement of emissonsfrom
gmdl-scae combugtion of biofues. Both commercidly avalable catadyss and cadyds
developed by the other partners within the project group (KTH and KATATOR) have been
usad to optimise the integration of different catalystsin adomestic boiler. Together with
primary measures, which reduced the concentrations upstream of the catdyd, very low
emissons of unburned could be achieved. The converson over the catdys was over 80% and
the mean vaue of CO over the sandard testing period was below 200 ppm. The risk of
plugging dueto fly ash in the flue gas as well asthe long-term deactivetion were aso
evauated. In the continuation of the project the lifetime of the catays will be further
evauaed. As part of thisinvestigation field tests are planned in collaboration with boiler

manufacturer.
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Fax Summary (pages)
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SUMMARY

Activity messurements show that mogt detrimental emissions from smal-scale combustion of
bio-fud are easily combusted at temperatures between 200, and 500 °C on suitable cataysts.
The main problem by usng catdy4 in this goplication are different deactivation processes.
Deactivation ismainly caused by fouling mechaniam, where dkaline-aerosol-particles are
deposited onto the catalyst's surface, thus causing increased resistance to mass trandfer.
Alkaline deactivation increase linearly with time and drametically with the temperature,
Studies have shown that the catalyst temperature should be limited to 500 °C operation
temperature to avoid rapid dkaine deectivation. It is however possble to regenerate the
cadys completely by means of asmple washing procedure with acidified water. With the
present knowledge it is necessary to regenerate the catdyst 5 times every season.
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Fax Summary (pages)
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SUMMARY

Thegod of this project isto develop catdys thet fulfil the requirements of activity and
pressure drop thet is needed with specid attention to the agening phenomena. Specidly
metdlic carrier and ceramic cordierite will be used. Of the emisson mog attention will be
paid to the CO, PAH and arepresentative akene. Ageing phenomena are therma ageing,
pore plugging by coke, poisoning by S, ash and other poisoning compounds present. The red
life time of acatdys will be determined. The catdyst will be prepared as metdlic monaoliths
with washcoa and active phase. The catdys will be tested by combustion of Smulated and

red emissons from wood-stoves.
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Fax Summary (pages)
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SUMMARY

Air-borne particles occur naturdly but are dso aresult of anthropogenic activities such as
combugtion. Partides of 10 gm or less can be inhaed and the particle Sze isimportant for
possible hedth effects. This study discuss the knowledge concerning particle emissions from
combustion with specid emphass on amdl scale biomass combudgtion. Particle measurements

from some prdiminary tests are o reported.
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Fax Summary (pages)
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SUMMARY

Methods for gpproximate determination of emissons from wood-fired domestic boilers and
goves have been evduated. The purposeisfirdly to goproximatdy quantify emisson levels
from boilers/stoves which has not been laboratory tested and secondly to indicate if there are
shortcomingsin inddlation or use in a case where the gppliance have been proven to fulfil
emisson requirements in laboratory tedts.

Three possible measurands and equipment's have been evauated: soot number, totd hydro
carbon content (THC) and carbon monoxide content (CO). Of these, CO was deemed to be
most gppropriate. Equipment which is used by chimney sweepersin Germany for
measurements on smdl solid fud gppliances have been eva uated. The equipment has been
deemedas

adapted to fidd conditions and this method is therefore recommended for use aso in Sweden.
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Fax Summary (pages)
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SUMMARY

The objective with this project isto perform well defined |aboratory experimentsin order to
invedtigate the behaviour of arefined fud particle during drying, pyrolyss/devolatilisation

and smultaneous combustion under various combustion conditions. For this purpose, an
experimental equipment has been developed and taken into operation. Experimental methods
have been developed, for instance for the determination of the time resolved tar evolution.
The converson of fud nitrogen to nitrogen oxides (NOx) passes over intermediates such as
ammonia () and hydrogen cyanide (HCN). The nitrogen chemidry will be sudied in detail by
means of a high parformance FTIR- spectrometer. Prdiminary measurements indicate that
both NHs, and HCN form during the pyrolyss/devalailisation. The find NOx emissonsare
probably governed by both the concentrations and ratio of NHs, and HCN.
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SUMMARY

Theam of the project isto develop the understanding of the combustion processin abiomass
fud bed. The report gives a short description of performed and planned activities. Themain
focus of the project is on experimenta studies. A test rig has been congtructed and taken into
operation. Measurement techniques have been developed, for ingance a oil-cooled dilution
probe for gas andyss. Tests are performed as parameter sudies where the influence of
primary ar flow and sze of thefud particlesis sudied. The results show how theloca
goichiometry affects the gas compaosition after the bed and the temperaturesin and after the
bed for agiven partide sze. The results form agenera description of the combustion process

inafud bed
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SUMMARY

This project is on its fourth yer and dhdl result in a PhD for Rasmus Friberg, doctora
dudent. The project conggts of five dages 1) Develop a new system theory for conventiona
lid-fud combudion sysems, 2) Mahemaicd moddling of a messurement method to
quantify a target varidble defined in dage 1, 3) Condruct the experimenta system and verify
the measurement method, 4) Experimentd serie, and 5) Write the PhD-thess. Stage one and
two are reported and the third stage is more than hdf-way through. Stage three should be
reported in the end of Augus-99, according to time plan. Lot of problems have arised in dage
three. It is messuring devices which have not function according to Spedification, which haes
implied that the measurement method needed to be modified with ddlays around one year as a
conseguence.

A new system theary cdled the three-step mode was developed in stage one. Some
interegting dimengonless variables have been defined, which are measurable quantities,
whose ami isto give information about the environmenta performance and thermd
efficdency. Thelong term godl isthat thistheory should result in improved knowledge in the
desgn of more efficient smdl scae biofud fired systems.
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SUMMARY

Thiswork dedswith modeling of drying, devolatilazion and combustion of snglefud
patidesfor usein smdl-scae combustors «10 MW:ih). The fud modds treat spheres,
cylinders ard dabs of Szes varying from peletsto wood logs. Initidly modds of different
complexities have been compared with measurements showing good agreement. Seemingly
ample quantities, such as therma conductivity and specific het, are not sufficiently wl
specified in literature, which, together with some other factors, causes aminor uncertainly in

the results.
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SUMMARY

The objective of the present investigation isto gain knowledge about the parameters affecting
the processes in the gas phase in asmadl- scae biomass fired boiler. CFD modelling is used to
gudy the influence of the boiler design and the addition of ar on the temperature distribution,
the flow pattern, the mixing processes, and the combustion teking place in the gas phase. The
knowledge gained will condtitute a foundation for decreasing emissons of nitrogen oxides

and other substances injurious to hedth or harmful to the environment from small

biomass fired boilers. Especidly the influence of the variaion in boundary conditions a the
grateis sudied. So far, particularly the temperature distribution and the flow pattern have

been studied.
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SUMMARY

This report summarises our recent work on biomass combustion moddling. Firgt a brief
review of different processes of biomass combusgtion in furnecesis provided. These basic
processesinclude: (1) devolatilization, pyrolyss and gasfication of biomass fuds (wood
chips) in the bed; (2) mixing of the gas phase fud and secondary ar aswel as heet trandfer in
the furnaces; (3) combustion of gas phase fudswith secondary ar in the furnace; and (4)

solid phase particdle emisson and combusgtion in the furnace, etc. We report here the modd
development in our group on the gas phase mixing, combustion and heet trandfer in the
furnace combudtion chambe and the particle tracking and combustion. These modds are
goplied to a smdl-scale biomass furnace and a larger’ scae biomass furnace (40 MW) where
the experimentd datais avalable
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SUMMARY

The commercid computer code CFX has been evduated as atool for desgning future
furnaces and soves. Optimisation of a cylindrical secondary combustion chamber for awood
gove has been used as anilludrative example. The results of the caculaions show thet CFX
isan excdlent tool for smulating combusting flowsin complex geometry's like those found
in furnaces and soves. In short time it is possible to evauate how different configurations
will affect the combustion process. In practica research for development of improved
designs, the use of thistool, even in the present fairly primitive form, can save consderable
time and money that would otherwise be spent on trid and error experiments. By using a
chemicd modd it is possible to estimate the emissions of different pecies. For better
modelling acomplete list of combudtible gases and ther reaction paths to form products
should be included.
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SUMMARY

Theinfluence of the furnace on the emisson from two pellet burners have beenteted ina
and| e bailer for house hegting. The boiler is representetive for the Swedish households
and the burners, upwards and forward burning, are commercidly available on the Swedish

market. Theforward burning burner is shown to be lessinfluenced by the furnace desgn
compared to the upward burning burner. The upward burning burner showed comparatively

high emissons of unburnt. However, it was possble to reduce the emissons from the burner

usng ceramic insulaion of the furnace.
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Fax Summary (pages)
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SUMMARY

Eight different pellet qudities with diameters of 6, 8 and 10 mm where sudied by firing tests
in three pellet burners and two pellet 4toves. In total 78 tests were carried out. The objective
was to sudy how the pdlet sze influences the combustion and the emissons of
hydrocarbons, carbon monoxide and nitrogen oxides.

The sudy shows that the size does not have any generd influence on the emissons. The
emisson vaiations are big between the "bet” and the "wors™ burners and soves The
differencesin hydro carbon emissons are afactor 2,2 between "best” and "wordt” firing
technologies. Looking & pellet fue the difference between the "best” and "word” fue iseven
more dradtic. A factor 25 differ the "bet” from the "wordt” pellet fud.
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SUMMARY

Theam of the Pyrolyss Mode project isto develop ardiable pyrolyss kinetics modd for
large biomass particles for gpplication in combustion. An additiondl am isto determine the
limitsfor the utilisation of thermobaance data with respect to sudying pyrolyss kinetics The
moded should account for the impact of particle Sze and surface temperature. It should aso
account for the char residue and the gas composition over time. Focus until now has been on
surveying the literature and on the moddling of large partide pyrolysis Thisimpliesthe
development of apreiminary one dimensond modd based on the work by Gronli (1996).
Experiments have been conducted in a thermobdance and in the Sngle particle pyrolyss
reactor developed by Physica Chemidiry a Gothenburg University. In this latter reactor the
weight loss and the gas compasition can be monitored Smultaneoudy and continuoudy




ongoing studies
Konsekvenser av foredagen CEN- Standard
for braskamminer i frajaom utd&pp

Englisntitle

Comparative tests of wood stoves according
to a proposed CEN-standard and Swedish
regulaions

Forfattare/ author Organisation

Lennart Gustavsson SP Swedish Nationd Testing and research
Mattias Viktorsson Indlitute

Address Telephone E-mail

Box 857, SE-501 15 BORAS

+46 33-16 55 23 | lennart.gustavsson@sp.se

218

Fax Summary (pages)
+46 33-131979 |1 (1)

SUMMARY

The project concerns comparative tests of wood stoves according to a proposed CEN-standard
and Swedish regulations now in force. The comparison goecidly deds with emisson of CO
and unburnt hydrocarbons. The project has been postponed due to an ongoing revison of the

standard proposal
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SUMMARY

Theam of the project isto determine the emissons of organic bound carbon (OGC) from
typicd traditiond tiled goves Through defining the combustion related design, tests of afew
types of tiled oves with different exterios design. Test results from two tiled soves, one
crcular and one rectangular, show that these well fulfil the emission requirements now in

force.
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SUMMARY
SUMMARY

Methods for measuring smdl flue gas flows (velocity 05 - 1 m/s) are studied. Possible dter-
natives are ultrasonic methods and trace gas methods. Conventiond pressure difference
methods are not possible because of the smdl pressure drops which can be achieved.
Comparative tests with the ultrasonic method, the trace gas method and theoreticd caculaion
of the flue gas flow have been made with anumber of pellet burners a continuous and
Intermittent operation. The ultrasonic method requires rdaively expendve equipment but is
easy to use and fadilitate continuous measurement. The correspondence with caculated
vauesis acceptable in most cases. The feaghility of the trace gas method has not yet been

fully evauated.
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SUMMARY

A qudity marking sysem, P-marking, for smal wood chip combustion equipment is
developed. The marking system should guarantees the sefety of the equipment aswel as
minimum levds concerning emissons, effidency and operationd rdiability. The P-marking
system is developed with the corresponding system for pellet burners as aguidance. The
sysem is developed in co-operation with manufacturers, users, insurance companies, the
chimney sweepers aswel as the authorities concerned.
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SUMMARY

On behdf of the Swedish Nationd Energy Adminigration, SP participatesin IEA Task 19-
Biomass Combudion. The objectiveisto simulate the utilisation of biomass by compiling
and dissaminate information regarding ongoing activitiesin the member countries. A work
program has been initiated within Task 19 with the following projects. ash related problems
during combustion, ash handling, dassfication of biomass fuels, compilation of ongoing
mathematica moddlling activities, combined heat and power production and Sate of-the-art
technology for biomass combugtion. A nationd network is being formed and the information

IS communicated viainternet.
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