PELLETS TO REPLACE COAL
IN LARGE POWER PLANTS

VASTHAMNSVERKET,
HELSINGBORG, SWEDEN
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1 INTRODICTION

The cacrgy and cnsironmend policy of §weden strongly Tavours rercwsble [k and e
Gevreany ke ol Tassil fuels, Duzing the SP-bies many cogeneralion plonts were luill
ce-fising woodd, pot aned cual i circolating Auidisad bead oilers. An extensive amount
JU e rperience has bacn collecwed frum thesse slants.

! PULVERISED COAL FIRING IN ORICINAL LBESHzN

1 EXISTING CO-CENERATION FLANT

Visthamnpaveszet iz the muajec eessnerarion fant of e Cuy ol Llelsingharg, locaed on
the Xorlheust shuodes of e strapht of Oresund belveeen Svrcden ol Desimark. The anet
msisg o 4 srcam boiler of 73,5 kot | 1) har ancd 5400 sopplying sleam 1 an axldl
tlowy . single-viestng. back-pressme tuebine geoceing 65 MW, and 128 5T,

Vit paisve ket was commmasinacd in [9RT. imminous cowis (rorm aound the worh)
ase pabvirtsed i b reller mills, wherzas 2 thicd imllis on siznd-ly . The engind
Lizpsnliad tiring system commriscd three levels of ceal narzlos, beao levels of ol puns
and ong Teve] of sepumad OF A-naez 25 A longuiudnal s2ctioe tuoagh the sotler is
proscrled o lgare §.
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Figure 1 Sectionad drawing of boier af Fashummsverket,

The boiler manulaciurer was Gotaverken Energy (now part of Kviemer Pulping). The
milling and firing cquipment was supplied by ICL, Derby, England. The steam turbine
and generator is of ABB make.

in 1986 a scmi-dry desulphurisation plant was imstalled by ABB Flakt.

In 1994 pas firing equipment was installed having a capacity of 25 MW [uel input. Each
coal nozzle is provided with four small gas nozzles,

Originally the plant stcamflow capacily was 70.9 kg/s. By means of a slep-wise
analysing and testing program, it was found possible 10 increase the boaler load up o B2
kg/s with only a minor modification of the second and third stage superheater. Some 5
% of the whe surface had o be modified.

Presently, Alstom Power is instulling its new industrial gas turbine GTX 1K) The steam
from the heat recovery steam generator (“HRSG™) will be fed to the existing sleam
turbine, which has been modified enabling it to take 82 kgfs from the pulvensed fuel
boiler and 15.5 kg/s from the HRSG. The extended plant will generate in tolal 126.7
MW, and 186.4 MW, with a power to heat factor of 0.68, a substantial improvement on
the present 0.48, Total plant efficiency - 90.6 %,



1.} NO,REDUCTEON MEARIRES

The Sweilish envirenenental authericy {Court ef Coregian”) requiccd from Lhe
heganning that the ¥NOx eroiusion whall med exceed 280 mpMI The yours lellowing the
coremissoming ol the plant in 1983, the annual aversge of NCx emssion was rocutdel
tr b Las - 175 gt ] depending on the sreslure of coal suppers, Mo stongent
requircments were prosenlud in (987« 248 migfl). o Spring of 1988 new standards
wils seb by he rewtanal envisonmental aulboriues ws ol PP2-01-00 0 <150 mpfM) wilh
the 1arget b achicee belpw FR meAT A muali-step propram was swnched 1iphe sy,
The tangential fring syseam was modified W invorperate LNCES "LowXNOx-
ConecenriclingS valem) wd vwo levels of CA COverTureAar™) nailes; soe figure 2.
A first e malilicatom was done in che Surnmer of 1988 and the NOX-smission was
realuged dowen o 125 - 130 wg/h) inng Folish expoct coals. Full seale LNUTS Systees
wiz ingtailed inthe Sammer of 1889 The N, cmisson was tecluced te 85 mgihdl
Lebeen a5 annual values for any combipution of mills i sevics and load levels fong
mainly Polizh ciport eoals, Other eoal quabties bod nocuad 1y some 10 mgfhiT hapher
BITLHAR IO

Noew, The svaronmcenial anthoety is asking loa Torlber redoctien of NOx conssien,
VHstaunnsverkel 5 mow investizatiog technical sllematives and e economics of these.

LAY WOy CONCENTRIC FIRING SYSTEM
SECOND MODIFICATION
VASTHAMNSVYERKET
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3 STUDY ON FIRING OF PULVERISED BIOMASS

3.1 STUDES AND TESTS AT VASTHAMNSVERKET
The most feasible altemative seemed w be o modify the existing pul vensers in order Lo
secomplish co-firing of pulverised coal and pulvensed woad pellets on a 50/50 heat
input basis utilising one mill for coal and two mills for wood. Later on lests were
performed to verily the practical side of this allemative. As part of these testing
program, tests were also performed by ICL in Derby. The result was quite good and

promising.

4 CONVERTING TO CO-FIRING OF PULVERISED BIOFUEL AND COAL

4.1 FUEL SPECIFICATIONS
As said above, a great varicty of bituminous coals from around the world are fired at
Visthamnsverket, The following is the original design specification for the pulvensers.
The right column gives the main data for the biomass pellets, whercas these pellets
contain only a very small amount of bark.

Proximuie annlysis Uit __ Bitumingus eoal Binmass pellels
Met Calarific Value Mk, or. 24.0- 256 178 - 182

| Muisture %, ar. B 10 _44.5

"Ash Tt 10165 0204 5
Sulphur %, ot R 002
Nitrogen %, 80 1-14 0.2-03
 Vaolatile mattar AT | R T appros. 70
Cirindakiliny _ Hordgrove S0 - 80 =

Litimabe aanlysis _Typical - Molish Typical
Carban ey 73.2 50 52

| Hydrogen %, dirv 43 6.0-6.3
Sulphur By o7 ] 0,00 = 0,03
(Uaypen =~ . dry _ 68 o ot
Mitsngen B alry 1.2 02-403

Table {, Analysiz of fucls af Vasthamnsverkel

4.2 GENERAL MODIFICATIONS
The overall target of the co-firing is to achicve at least 50 %, preferably 67 %, heat

input from biofuel;

A slep-wise program of modifications of existing systems and addition of new
equipment took place between 1996 and 1998, Mainly duning the summer months when
the plant is down for annual everhaul. During the penod end of May to md Seplember
the heat demand is normally covered by utilising recovered wasle heat.



In short the conversion comprises

Modification of the existing pulverisers, sce next paragraph.
Sprinklennstallations and fire-fly detectors on all conveyor belts.
Covering ol conveyor belts to aviod biomass dust

Recireulation of flue gases from behind the electrostaic precipitator Lo the
primary air upstream of the mills. Thus reducing the oxygen content in the
pulverisers and the fuel lines Lo around 12 %.

Maodification of the fuel handling system including installation (1) ol a
vacuum cleaning system to remove biomass dust and (2} of explosion doors in
the space above the three fuelbunkers.

Erection of an A-frame storage 'barn’ 1o accommadate the wood pellets,
which are supplicd by ship from producers in Sweden and North-America.
This step also comprised new external conveyorbelt sysiem feeding and
reclaiming fuel in the barn.

The modified fuel handling system is now handling bath coal and pellets.

43 MOIMMFICATION OF PULVERISERS

‘The three mills are of the Loesche type LM 16D, each with two grinding rollers using
hydraulic cylinders to apply the correct crushing force on the fuel. A simplified view of
the mills are presented in fipure 3.

Az there is a very large difference in density of pulverised coal as compared to
pulverised biofuel, the volume Mow conditions inside the mills will be very much
different pulverising one or the other fucl. With the target as mentioned above, the
volume flow of pulverised biofuel will be substantially larger as compared to coal, and
50 will be the need for transporting primary air. In order o accomplish this change in
required performance of the pulverisers the lollowing modifications have been done

the design of the “LOUVRE RING™ has been changed making it possible 1o
adjust the opening depending on which fuel to pulverise; larger opening when
milling biotuel.

the design of the lower vertical eylindrical portion of the “INNER CONE” has
been chenged making it possible wo adjust the vertical position of that
cylindrical portion. When pulverising coal, that portion is in its onginal “top”
pusition. When pulverising biofuel the cylindrical ring is lowered, thus
enlarging the oullet area around the coal chute and thereby reducing the tlow
resistance and thus enabling larger velume flow for the same pressure drop
across the mill.



In addition (o these inper moedifications of the mill,

» arotary vane feeder has been installed on those mills, which are pulverising
biofuel, This feeder can be slided away on rails, when the mill will receive
coal.

ALEAL TN

Verically adjustable
cylindrical ring

Louvre ring

R

R e L e

Figure 3. Simplified cut-away view of roller mills “Loesche LM 16D,



5 OPERATING EXPERIENCE

Since the middle of October, 1997 the boiler is on commercial operation in co-linng
mode with one mill on coal and two mills on pellets, The operating record has been very

good.

1997 16,000 tons of bio-peilels and 99,000 tons of coal were fired.
10UE: 64,000 tons of bio-pellets and 66,000 1ons of coal were fired.
1999: 100,000 tons of bio-pellets and 46,000 tons of coal were fired.
2000: 101,000 tons of bio-pellets and 35,000 tons of coal were fired.

The following comments and conclusions can be made to the experience of three years
ol commercial operation co-firing pulverised coal with pulverised biofuel pellets:

-
2.
3.

fi.

The overall operating expericnce is very good.
External biofuel handling and storage must be added

Existing fuel handling to the boiler house bunkers: Dust removal system and
explosion doors must be added.

The modifications 1o the existing pulverisers have been very madest.
S0 far no changes 1o the boiler itself was maude.

After anc [ull operating year with high portion of biofucl, manual cleaming
had o be done in order 1o remove ash deposits on primarily the radiant
supcrheaters.

. The heat balance of the boiler is affected. Increasing portion of bioluel means

less heal pick-up in the farnace and the superheaters close (o the furmace.
Thus, the temperature of the flue gas leaving the regenerative air heater
(“RAH") is higher. Part of this lcmperatire increase is due 1o the flue gas
recirculation 1o the primary air for the mills, The feasibility of exlending the
boiler heating surface by a district heating ccenomiser is now being studied.

The emission of NOx is reduced by some 25 %. In 1998 the annual emission

wis 66 mg/MJ, totalling 193 tons. Comespondingly, before starting the co-
firing of voul and biofuel the emission was normally for coal only: 85 mg/MI
and 230 va. With the Swedish NOx-fee of SEKA0 per kg of NO, this means
an annual reduction of 2.25 MSEK or USD 240,000. (1 USD = 9.35 SEK)

The amoeunt of carbon in fly ash and bottom ash is somewhal higher when co-
firing. However, the Swedish NO-fee means that the operation is oplimised to
reduce NO, and accept some mederate increase in unbumned carbon and CO.

100 The amount of sulphur emission have also been reduced. From the level of 435-

50 mg 504MIJ o below 20 mg SO»/MIJ corresponding to from around 60 Ufa
of sulphur down to below 30 ta. With the Swedish sulphur tax of SEK30 per
kg of sulphur (S) this means an annual cost reduction of SER 900,040
{(=USD93,(KHI).



6 ENERGY TAXATION IN SWEDEN

The main parameter for the overall economics of shifting to co-linng is of course the
fuel cost. In Sweden all fossil fuels are heavily taxed; see table 3.

Fuel Unit Energy ) | Solphar | TOTAL | SEK/

Year 2001 ! SEK = SEK SEK | SEK ]'lr["l:‘l-fh_

Coal (0.5 % 5} | ton 293 1329 | 150 i 1772 222

(Ol (HFO,08% 5) |1m' i34 1451 216 2381 220

| Matural gas 1000 m* 223 1144 i B _'J_E!ﬁ'i!__i_!._?ﬁ_

Woodpellets  lwn | 0 0 Oisi e s e 0
Table 3: Swedink energy tavatlon, - Manufacturing industry poys

fexs: mo “emergy fac”, ol "COy pax ™ amd full *Sulpher fox ™

Biomuss fuels like wood waste and pellets do not pay any energy Lax. For peat, the tax
i5 limited to the sulphur tax.
For generation of electricity there iz no tax on the fucl. The tax is on the produced
electricity, or ruther on the consumption, and depends on the catcgory of user. Thus, for
co-generation of electricity and distrct heating one can use fossil fuels with no tax up 1o
the amount comresponding (o the portion of the total fuel input, which is used lor the

electricity generation,






The wese of ¢i [Terent fuels are vory tepivul Tor many Swedish municipaliles.
starime wath el onl Ty the e TO-ss Lurge scale onifzation of mdustrial wiste beal
started to be iniooduced. Tn ke beginnimg of the $0-ies coul stated to play & pagor mle.
P Lhe miidille of the BU-ies the sl tuxes un gse oF Ffosiil fuzls were inroduced. T hesce
Izacs hove been increasad slepuase ap tathe level presented ontable 3.

Thie e e asing s upet LR the market Tor ulalisatien of bamiss fuels. Cheap
clentngity, especially during 1he Sumecr half of the veat madz iarge heat purmps 3 cost
eflective mean of gencrauny Uisirce heating. In Helsengbory the heat pump plant hes a
capacity ef 29 MW withdrawing the haul feoam the waste waier leawing, the sowago
Leufraent plat.

§  CONCLUSION

The ronversitey of ¥isthamms verket 1o vo-Tering of puivensed coul and pulverized
ipticd pellets has bren 2 suecess: echowally, counomically and erovirmmenLally.
Three yems of commicreial operatien is & ooe veAticubon.



