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COMBINED BIOMASS AND BLACK LIQUOR GASIFIER/GAS TURBINE
COGENERATION AT PULP AND PAPER MILLS
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Center for Energy and Environmental Studies
School of Engineering and Applied Science
Princetan University, Princeton, NJ

. Stefano Consonni
Departimento di Energetica
Politecnico di Milana
Milan, italy : _ *

ABSTRACT
Kraft pulp ad paper mills generate large quantides of black liquor
and byproduct biomass suitable for gasification. These fucls are used
today for ousite cogeneration of heat and power in boiler/steam nucbine
systemt.  Gasification technologies under development would enable
thesa fuels w be used in gas turbines. This paper reports results of
detajled full-load perfermance modeling of pulp-nill cogeneration
' syswems based on gasifierfgas turbine technologies and, for compasison,
oq coaventional steam-tirbine cogencration technologics, Pressudized,
oxygea-blown black Bquor gasification, the mast advanced of proposed
commercial black Equor gasifier designs, is considered, togesher with
three altemative biomass gasifier designs under commercial development
(high-pressure air-blown, Jow-pressure aic-blown, sod low-pressurs
indireciy-heated). Heavy-duty industrial gas turbiocs of the 70-MW,
and 25-MW,, class ae included in the analysis. Resylts indicats that
gmification-based copeneration with biomass-desived fusls would
' m;mmmmammmaﬂmﬂ

m&m&rummmamw .

td:ivewpmpma ..

INTRODBUCTION
Mdumsddsewhm(Comnnl.ad_ 1998; Larson and

Raymoad, 1997a), the kxaft pulp apd paper industry in Nosth Amesica is -

faced with the need 1o retire mxich of its black Kquor and bioenass-fueled
steam turbine cogeneration capacity during the next 5 to 20 years. This
presents 2 unique economic opportunity to introduce gas aubine-based
cogeneration systems, The biomass and black liquor gasification
tchaologics necded 0 enable the use of gas wrkines are under active
development by companies around the world aod are likely o be

commercially available within the paper industry’s time frame for retising

existing systems (Larson and Rzymaond, 1997b). Long-tem economics
appmﬁmbhhrpdﬁdgsmrbmmhymguﬁﬁqw
(Larson et al,, 1998) or biomass (Weyeshaenser s al, 1999). -

. msmmmnsofpaﬁmm@ngefw
black liquor- and biomass.gasifier/gas urbme-ambmd cycle

Presanted auhe lneemauoﬁal GasTuﬂm&AmengineCmgms&MMon . |
Sweden=June 2-June 5,1858 .
forpubﬂahoniumeﬂanmonsofmme

This paper has been

cogencration systems for pulp and paper mills. Cogeneration systems ot
such mills are designed firstdly ©© meet process steam demands and
tecover pulping chemicals from black liquor, the lignin-sich byproduct
from the waad digestion stage in kraft pylping. Black liquor is bumed
today in Tomlinson recovery beilers to generate steam and an inorganic
smalt from which pulping chemmicals are reconstinned. A varicty of fuels,
including bark, other biomass residues, and fossil fuels, are used as

. supplemental fuels at keaft pulp mills taday, because the black fliquor by

itself is typically insufficicnt to provide sll process steam requirements.,
For simiplicity, bere we consider the usc of only black liquor and
byproduct biomass as cogeneration fucls a2 2 krafft mill.

. Consongi, e al (1998) modeled the performmance of three
alteraaive black liquor gasified/gas turbise cogeneration technologics
and coasidered the use of a biovmass boiler 19 gencrate sdditional steam
when seam derived from black Giquor was insufficicnt. The present work
mum«mamwmwmma.

considered. Sneﬁehanofinmmﬂmmoﬂ!ﬁe
black Gquer gasifier closest to commercial rediness (pressutized; - -
oxygen-blown) is considered. The black liquor gasifier is coupled with

a 70-MW, dass gas tusbine. The bicipass gasifiers are coupled with 25-
MW, or 70-MW, class turbines. Heat recovery steam gencrators
(HRSGs) uss exhaust heat from each turbine to mise Steam that is
defiversd 10 a common steam turbine (Fig. 1, lower). The black liquor
flow cats is sct to Meet the fucl-gas demands of the 70-MW, class
tbine, and is thus constant regardless of the design of the biogmss
portion of the plant. A minimum biomass fuel rate is established by the
fuel demands of the bicumss-coupled npbine. Higher biomass rates are
considered to allow for- supplementary fising of the biomass-coupled
turbine’s HRSG when greater amaunts of procsss steam are needed than

- can be provided by the gas tusbine exhamst alone (sea Fig. 1, lower).

Results from a parallel analysis with 'a Tomlinson recovery boiler
muuhmblﬂmmﬁdwmmﬁwmudso
mdudda-':z-l upper).

Discussion of it will ha ancsntad ot ARMPE Haadwrmrtors il Rantambas an 1008
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Tomlinson black liguor boiler with bsomass-gasrﬁerlgas turbine combined cycle mgwﬁ,m, M::g
Tomiinson Stean msm performance estimates given
——= Recovery 1oant by Weyerbacuser, e al.
o L__Boter o pide’ ot cxpuned
ic Po bar] expected
aectnz wer <™ 'nm:m’ o czfotm of the sir
- wa msifier designs,
Blomass Gas Turbine WASGwW™h  |Swam] . . & by discussions

Gasifierand 7™
Bi ) suwor  [T"] Swplemencry Blectric Power with developers of these
omasS]  GascCeanw i 7omwclass | | ﬁ'@ﬁm designs (specifically TPS
_ ‘ = and Cauboss)  BCL-
Oxygen black liquor gasifier with biomass gasifier/gas turbine combined cvela b e
o B e R fim Sk e
HRSG m-c the thind design. = The
Dok | _smcemnw 7o Cars % B Tl s el remscnante
3 - in 1 reflect reasanabl
) _» Electric Pawer 520°C Twhne values of g.uiacaﬁo:
Biomass Gas Turine HRSGwWth - | oo t wmperanires, catbon
o Gasifier and 25 MW or supplementary ) coaversions, cold-gas
Gas Clean up 70-MW Class fring capabifity Electric Power effciencies, hext losses. and
. . product. gas heating values.

Fg. 1. Block representation of cogeneration systems modeled.

CALCULATING PERFORMANCE

The approach used 0 calculate cogenerazion performance follows
thar described by Consonni, et al. (1998), who also describe deeails of the
modeling of the two black liquor conversion systems considered here
(oxygen gasifier and Tonlinson fumnace). The discussion of
methodology bere is restricted to key issues celating specifically ©
modeling the usc of blomass in gasific/gas tudine systoayps.

Biomass Gasifieation .
Avﬁayddﬁﬁyhpsakhmmﬁmuﬁmbps
am= ¢ vatious advanced stages of development (Weyethseuser of of.,
1995; Wilkiams and Larssa, 1996; Larson and Raymond, 1997b). Three
mﬁdzsdmhmmwwcmmm
sicblown Gnidized-bed gasification with wet scrubbing, eg, the
mchaology uader development by TPS (Waldhieim aod Carpentied,
xm(wmumqmmm

bot-gas
uwmumwcd.
| aspheric-pressice

indizectty-heated gasification wich
wee seribbing, specifically the Bartells Cotumbes Labozratory (BCL)
Mmhmmmmmmm
and Anson, 19597).

The assumed biomass gasifier feedstock in the modeling bere is a
mgfwmm thinning residuals snd sawmill
waste, with an initial moisture: of 50%. The wasts bark and hog
fucl groeruad at a typical knk mmenaverungbpimm
amounts to some 0.25 dry toanes of biomass per ir-dry toane of pulp
product (025 ty X&). Many mills may have access o auch more

biomass, One detailed study sround 3 Weyerhaeuser pulp mill in Norths

Carolina identified 2 sustainable supply of up to 3 ey at ceasomable cost
in the foon of harvest residues and self- and ill
residuals (Weyerhaegser ez al., 1995).

Table 1 gives the detiiled biomass composition Ga te table
apdon), 25 well as modeled paformance of aliemative gasifiers. (The

;mnmmmorummm..m,m .

‘ value is 20.47 ki
Lew-Precure
todirect-Heat

Gas compositions bave
been allowed w vary
somewhat from published
mmodammmwmmmwwm
s composition aloas have relazively liale impect oo caleulated overall

" eyele performance (Hughes and Larscn. 1998). For additional discussioa
of the thres biomass gasifier designs considered here, see Weyerhasuser, .

Tabile 1. Modeled perfarmance of atemative blomais gasifiers. The -

feedstock in afl cases Is biomass with 20% moisture content with the
fallowing compasition (dry mass basisk 502% carven, 54%
344% oxygen, 0.2% nlwogen, and 4% ash. luhigher

LawPreasrc,  High-Fracare
Alnblown Alndlgwn

Gatifer T,°C 3 920 7 50
Gasificr P, bar 190 134 ° 93
Gasificr inpurs

Alr, R &y blomars a0 143 10

A expawer, C - 266 30
MJ':{ tnh. ::8 @

M | ! » R 'h,-,t Py k KT N WIS
" Helou® B ». A0 nglﬂ o iwfrt’i‘_

. M-mnys? -m N e
eﬂweﬁﬁaq..smw m . . a8 .
Cleas g2 w antiee

Mass, th &y blommss” o5 144 309
HHY, Mikg et a 548
Volmm S Ar ao oes8 043
GH, 13048 3375 [T 3
co 226 253 WI
(=Y 12,00 12480 3248
W 248 T 16599 15504
"o o ~ s 15504
Cle : s 1238 a2
(=1 02y o126 [Y)
. Ny 0182 39248 33365
NH. 4.0 0307 . 0.0
@) Seam us 269 bc.«l'c.

Olmuﬁdpiﬂdbyminnpiﬁ: mwummm
psificr appears sbaoraally low bozmse, glike the ir-blows desigm., i axidized o &
mmﬂ&mhﬁmhuﬂ Thus, the axrboa from the char is oot
reflecad in e carbon coavarsion Sgure for the indirectpheated gasifier,
Nﬁmmwﬁww&lhmw
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Fg.zuawmshhmefwfmbhckﬂqwbanemﬂpplm biomass bailer.
(dnded:ea)nhudeﬁve&gﬁ.:l%mm Adapted from Consonni, et aL, (1998).

e al. (1995); Craig and Mana (1996); Coasonni and Larson (1996);
Larson and Raymeand (1997b).

Jucbomachinery Assumptions

The accurate mwdcling of actual commercial gas turbines is an
imporant feature of the process modeling software used. Turbines with
the characteristics of the Sicmens KWU 64.33 and the ABB GT-10 ace
simulazed bere 1o represent state-of-the-act 70-MW, class and 25-MW,
class induseial turbines. These two power output classes were selectad
beam&etaqﬁit,ﬁulddimﬁlkﬁdﬂuhmofbh:kﬁqw.
oc biomass fael that Is, or conld be made, available at many pulp wills in
Nonh Amcica. A 70-MW, class machine is integrared with the black
Giquor gasifier (Fig. 1. lows). A comparable black liquoc flow is
specified for the cases involving the Tomlinson boiler. Because it is
expecied that atmospheric-pressure biomass gasification systems.
pardcularly air-blown designs, will be more competitive at.
smaller sale than pressurizad systems (Larsoa and Raymood,
1997a), the atmospheric-pressure gasifiers are coupled with the

process sizam demand) for the two black Gquor
processing systems considered, A supplemental
biomass boiler included in the mass balances is
shown ia the sheded areas of these figures. For
the sinwlatioas reported in this paper, these
shaded sections were, in essence, replaced by
altemative bi ifie/gas aubine-HRSG

== -0

systems. Forcch of the three biomass gasifiers
considered here, Figs. 4-6 show illustrative heat

-1 ]

and mass balances for the bioaiass sab-sections
for a panicular level of process steam demand.
Steam delivered from the black Bquor sub-
section is indicarad in these figures. This steam

©
Pros., bar
Flow,

biomass sub-section and the combined flow is
delivered to the steam nyrbine.

Within each sub-scction, efforts have beeny

.mdcgoopﬁm_' the heat integration amoag

guidelines, Fmﬁgb-mpmgsmnnsfahmcn!ym
Water o steamewater mixtures (evaporators); the high heat transfer
coefficients guarantee acceptable bear exchanger metal temperatures,
Sccond, to the extent possible in practice, heat is ransfened 3eross
relatively scall temperatues differences and between flows having similar
thermal capacities, which reduces imeversibilities.

RESULTS AND DISCUSSION | .
erform :

Overall calculated performance is summarized in Figure 7, which
shows pawer output per metic loane of pulp product &kWIR,) for
different levels of process seam: producdon (GJ/xy) for cach of the
technology configurations simulated (upper ser of curves) and the

smaller of the two trbines. The atmospheric-pressure indirecdy

heated gasifier is also modeled with the larger tarbine, gs is the

A single stzam turbine is used in all cases, with steam being
. biomass (Fig. 1). A range of weal process steam demind s
cousidered. Either a single-extraction, back-pressuns or a double- -
' peocesy steam required.’ (The back-pressars zbing is the paper-
industry standard tod3y.) Process stexm is defivered a2 10 bar and
4 bar in 3 mass ratio of 1:2, '

t .

To veduce e complexity of the required moadeling, heat
integration within the bicmass sub-section of a fiull plant hurs bees
done independently of that within the black Jiquor processing
sub-secrion.  Figures 2 and 3 (adapeed from Consoani ef al.,
(1998)] show illustrative heat and mass balances (for a particalar.

| The parfonmance essmates in this paper are for ocw copeaeation sysisms.
hm@sﬁmﬁo&kmhhs&hnmonum
stemn Wibine by making minor modifications w i (e.g., increasing stearn
admission arex) while eeplaciag oaly the stexm sysiems g2a mill
Ia such &z, pesformance would be different from resuks ja chis paper

Pieser gl o
s T~ X B
e V18 2 o |

=
us
[T
"
[ Ny i
L
208 “lm™
o s
-
Fr
Pres., bar Smon o o
. Mm 3 Rty Yem -
3 , gv—-u z
o3 »ns

Fig- 3. Heatimacs balance for axygen-blown black iquor gasifier/gas trbine
with suppiemental blarmass boilér (shaded area) when delivering163Gdtp
process staam. Adapted fram Consénnl, et al, (1998). -

[@oo4/099

is combined with the steam generatsd in the -

<
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Flg. 4. Next/mass balance for biomass-gasifier/gas turbine portion of
a tull cogeneration system that includes a Tomlinson biack Rquor
boiler (ses Fig. 1). The biomass gasifier is a lowpressure airblown
design and s fualing 3 25-MW, class turtine. meeampleesysam
delivers 16.3 GJRp of process steam.

J
41
g
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GOMBVOTON

AF&PA @o005/009

H@&Mmmwucohfbbmagummmmmrunot
3 tull cogeneration system that includes a black lquor gasifisr/ges
wrbine (see Fig. 2). The biomass gasifier ia a high-pressure alr-tlown
design and ks fuefing a 70-MW, class turbine. The complete system
delivers 16.3 GJp of process steam. )

comresponding biomass foel requirements per tonae of pulp
(tarty) (fower set of curves).
F«dmﬁ;?hdﬁstmhﬁvm&nmniu
al (1998) foc the two cascy when bioinass ks burned in a
boiler cather than being gasified, In thicse caves, process steam
is delivered uough a back-pressure tarbitue, s0 power output
increases with increasing process steam deaand, Foc the éases
molvmggaaﬁmoﬂmmﬁeﬁmmwwww
i hmmmmm
_ M&mwmﬂmwmw& .
.mwhmmm A rlgh:
of the miniowm ‘power point vequire gxm::bums

mm«mmwmm:mamm

Process st=am is delivered through s back-peessure turbine in
these cases. The right end poiat represeats the simarion in
which there is just sufficient oxygen in the exhaust of the
“biomass-coupled turbing to enable complete combastion of
the amount of supplemental fuel required to gencrate the
particular process sieam demand. (This curve could extend
fanther to the right, e.g. by introducing additiosal fresh
combustion air, but this is not considered here) To the left of
the minimum power point, no supplemental firing is required.
Biomass consumption femsins constant (o mest the fuel
demands of the gas ambine), and lower process stam

Fig. 6 Heat/mass balance for bbnmgasﬂerlgas turbine pordon of 3 full gemands enablc a condensing nurbine to be used o generate
:ogmﬁensystemwmcludeahhekﬁquergasﬂlu(seeﬁg.a The biomass _4::, power. mﬂg ing represents the when
mu-mwwmumaﬂ:& nal The e fihe

aﬂcfﬁemmdmhbowmnormeplm

tq
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Fig. 7. Elecric power generation snd blomass fuel consumption for ail
cogeneration systems considered ki'this paper. in afl sases, the black
iquoe consumgtion s 25 GIA, The two “reference”™ cases are from
Consanni et al, (1998).

is condensed. (The cxrve could extend further o the left by condensing
additional steam., buz this is aot considered here)

Among the cases involving the Tomlinson boiler (solid lines in Fig.
7, the case when biomass is bumned in a boiler provides the lowest power
oucput for 3 given process steam demand. On the other hand, biomass
fie] requirements are also lowest, because a boiler/steam nxbine converts
a Laxgex fraction of input fuel (o steam than docs 2 bicmass-gasifier/gas
nobine-HRSG ammangement. However, the two gasifier systems uting the
25-MW, class urbine (which have roughly comparable performance)
consume relatively modest additional amounts of biomass (especiaily &

3Q.

-

AF&PA

electzical power. With the 70-MW, class turbine, twch mare power is
geacrated than in the reference (biomass boiler) case. The additiona]
biomass required to accomplish this varies considersbly with the leve] of
process steam demand. :

The results for the cases involving the black Rquor gasifier (dashed
lines in Fig. 7) parallel those for the set of Tomfinson cases. Power
production i3 considerably higher, however, due o the more efficient
conversioa of black liquor to elecuicity. Biomass coasumption is also
higherin lacge part because in these cases steam delivered from the black
liquor processing section of the plant is lower than with Tombnson black
liquor processing. The performance for one addidonal biomass gasifier
is also included: the high-pressure air-blown design with a 70-MW, class
tnrbme. Mmmammmummormsme

consumes less biomass for a given process steam demand, reflecting the
bigher efficiency of the pressurized gasification system.

Mili-Specifie Performance Comparisons

Comparisons among alternative plant configurations are fluminaged
by a millspecific examination. For concreteness, process steam and
power demands representative of a typical preseat-day U.S. mill are
considered—16.3 GJA, and 656 kWh, (act of the cogeneration plaav).
{Consonni, ez al (1998) give process enargy demand data that helps put
these figures in intemational perspective)) Detailed heat and mass
balances for plant configurations delivesing 163 GIA, of process steam
are shown in Fig. 2 and 3 for the reference cases involving biomass use
in boilers. Figures 4-6 show heat and mass balances (or the biomass sub-
sectioa for three of the configurations involviag bioatass gasification.

Table 2, which symmarizes the performance of all systems,
highlights the much greater power generation Tevels achicvable with
gasification. Biomass-gasifier/gas turbine systems coupled with a
Tomlinson boiler (lefk half of Table 2) would produce 50% to 130%
mace powee than the reference Tomliassa plus biomass boiler. When
coupled with black liquor gasification (right half of Table 2), then power
production is 230% to 320% more than the case using the Tomlinson and
biomass boiler, 3

 With onc exception, the contribmtion of the steam cycle to towl
power production is approximately the same for all systems using 2
Tomlinson boiler (lef half of Table 2) and focall syst=ms using the black
liquor gasifier (right half of Table 2), because process sieam demand is
fixed? In the one case where this is not true (Tomlinson pius indirectiy-
[heated gasifier with 70-MW, class arbine), the steam cycle involves a

The.last row i Table.2 bears on a situation in which the mill might

b T ciplacing 20 & Tomfinson basod

Q.M
* system. A baseline altemative in this sitcation might be the installation

of a new Tomlinson recovery boiler with 8 biomass boiler to augment
stcam delivery o a back-pressure steam umbine. [If the mill has an
oppottunity to export power, then oae of the other plaat configurations
in Table 2 might be adopted. Each generates more power than the
baseline configuration, but each requires more biomass foel as well.
Dividing the incremental power generated by the incremental biomass
consumed gives a measure of the marginal fuel cost associated with the
increased power production. The high incremental efficicacies in Table
2'indicate that marginal fuel costs would be low. Investment and
operating/maintenance costs would ebviously also be ecusidered in any
full evaluation of alternative cogeneration options (Larson, er al., 1998).

?s‘mmumkmmue‘éamm‘ p black liquor gasification
because of the higher steam gencrating pressire Uat oo be used.

@o006/039

N
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Tabte 2. Sunmary comparison of alternative black liquor plus blomass
mmammmmmummwmmm«mm Ona  bars are for cases with gasification

mass basis, half the process steam s deliverad at 10-bar pressure and half at &-bar, Fig. 2 shows a detalled

AF&PA

technologies forsputp  processing.  The hast two sets of

of black liquor.
flow sheet (or one of the cases in this table. m“g;,go{mm
. Rlack Boyor sysrem > e Q- B13c¥ Liguor Gagifier, MW | fassil fuel (oacural
Low? Infirectys low? | HgrP indcaly &s or coal) is
tir-blown beand airbiown | airblows beaed used in a beiler:to augment geam
Biomens symen> | 3oy | pusier psifer Boler* | gusifer | pifir gsificr production from the Tomlinson
o 'J&r e> I - s zul 2% 1 x — —3¢ 0 = ) furnace. All steam expands through
outpet, 1 - 7 back-pressure murbine
Process s, \GIA, 163 163 ;divuud o the m%
Back Squor, wish, 1% L A process.
Gllnk‘:‘!"l _tg::_ ;g:; positive carboa emissions are dus to
s NEA R A AR 1217 | 1% | D5 -?;::,::dl ':1 ?&:‘“m
Gl HHV 20000 24 24 | 20 | 200 - 200 | 2a} ag | M 9 assumes 3
G, HHV 636 9.60 535 | 204 | 156 - 5.14 o7 | 292 | biomass boiler is used in place of
% itz 103 213 159 | oo 100 [0)) E2 Y] 65 | 280 | the fossil fuel boiller. Power
Mlqn-p:z’;s - - - ~ | mrs - s | wos | was | Producton is the same a5 the firt
Blownss pg axbise - 2435 20 | 7080 - - e z21 | 780 [ case, but cartbon emissions are
Sexn cyele «@<s 4% as N | W - 688 6Ly | sy | slightly vegativa aow becguse
A A 154 300 | 423 ] 1050 ) 1977 = 2B L2848 1 cubon-neutral biomass has replzced
MW, wix | o7 |7 | 2 | ms| - w62 | 1563 | 1900 | the fossil fuels, and sale of somn
m—mm 904 i3 1356 | 2537 | 26ae — 30y | 23 ! 3363 | powertothe grid eliminates a small
Fractien nal = amount of fossil-derived ntility
Eleomicity .10 vl 016 { o2 | oxis - o2se | a2is | axs
Process z=am o0 047 ae | oass | ool - o318 | o346 | am3 | powe. The thid set of bas
Elcxariclty o sicas a4 0811 sl | s | asté " osa asél | 059 | assumes a biomass gasificdgas
| Pewerfrymnto_______ L 020 _.&1°___L___°-3° 036 1 054 = QR 4 06 1 O | wrbine (with supplementasy firing
i —Talee of the KRSG) is i in lace of 8¢
A 123 38 62 | 3 | w3 - 1eas | uss |2 | o is place
AL ) - 29 un % biomass boiler. The greater amount
seremeneut Eflce = = ] 4 | of power gencrated enables larger
NNMHM“nhMed C1998), whem biamass.wich stghdy & i amounts of fossil-dézived utlity
() Process stexen s comnted af 2.915 Gloune for [0-bar somsn and 2.276 GlAcese for 6-5a8 DEam. P . -
) This s the perecange of the bioanss fnput that is et direerly to raise steans for defivery I the sxcarm wrbioe. Nis 100 for te two electricity t be eliminated, leading
Siomass boller casen humm&mxmummdudmmmma&mm o larger negative carboan emissions.

supplepennry fiiag of be KRSG. -

() bn s casc, the amox of oxypen bo e a3 exbiss exkaust flow is iesufficicnt for compicie combustios of the amamm of Spleemary-

Ertong fae] that woald be required fo deliver 3 process sacam demand of 163 Gin,

€c) This & powar availbic tn cacess of e &ilf'3 ssumed process wequircments of 656 kWA,

Q'lhmnﬂh—mldamysﬁawdmmmUJle(wduhﬂlm
Iateubl) ia cxcras of Sut contiucd by de: Tamkissos + biomass botker system (colurm J). The desomisator is d HHY of the fucd
corragped by e gasifexionbucd sysxxn o cxoess of thae coasuencd by the Tomfioeog + bicomss boder Systen

Greenhouse Gas Emissione Heductions

muuﬂmumﬁmwmna
mnnmmmwmmmuam
CRECEY TEIOUITES mm«upm e a2
xmmumwﬁumpego,
feleased in copverting the ferdstocks into power and hext is reabsorbed
by sew plat growds. To the extent thag the uss of thess carbon-asutnal
resouress can reduce the use of fossd fuels, net reductions in €O,
emissions would result, The potengial reductions ia. OO, emissions ean
be quantified using the above performance estimates. Consider a pulp
mill with 2 production rate of 1300 4/day and process steam and power
damdsoﬂﬁﬁ:ﬁ,andﬁﬂwmr (These are, gHproximately, the
shacactedistics of the mill coasidered in Table 2) For five powerhouss
ichnology confignrations, Fig. & shows the total power gederaied at the
powethouse while meaing process steam demand. Also shown for cach
case are two estimates of set sanual carbon emissiona from the mill
These cmissions are caleulited assuming that any power generated in

sxeess of process needs is exported o 2 ytility grid where it eliminstes -

he need to genenate a0 equivalent amount of power from natural gas oc
from coal (both cases are shown in Fig. 8).  The first thees sets of bars.
we for configusations involving 2 Tomlinson fumiace for black liquor

6

to the last two tars—gregter and
greater- amwouats of power are
geucrated from carboa-acutral fuels,
leading to more:and more aegative
arbonmon:.

CONCLUSIONS , )
The gas tubine-based cogeneration systerns muodeled here wonld

. parmit kraft pulp and paper mills @ produce far more power from self-

Mwmm:umwmmmu pulp
sows 43 millicn .wanes of knaft pulp

paper Industry produced. .
(AFPA. lMNhth!JSHMﬁmud .
Q.4 EJ of biomass (AFPA, 1996). Assuming cogenerasion ficilides today

generate 900 KWhit, from these fels, as modeled hire (Tablé 2, left-
hand column), total biomass-derived power geserstion fn the kaft
industry is some 43 billion KWivyesr. nempapehdxm(haﬁmd
other products) buras fossl fuels to geasrate additdopal power and also
pusrchases power,

On averige, the present level of self-generamd dlack liquor and
biomass fuels would be sufficient v genecats sbout 1350 kWhi,, ar 450
kWitt, in exceny of present systems if used in cogeneration systems that
include 3 Tomlinson boiler md 2 coupled biomass gasifier (e.g. sec
Table 2, second cobumn, for which the ratio of black liquar-to-biomass
energy is approximately 1.15/0.4). At a production level of 48 million

kraft mills could produce an additioaal 22 biltica kWh/year ot
mﬂyhalfefﬁeilbmmakwndmuwalmmpnmmsdin

1994.(AFPA, 1996).
) Elm,aqmuahﬂnﬂlswddhhqqndmmn
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" excess of that needed for pulp production would be sold and weuld efiminate an equivalent amount of power 21657, Nx'L Retsewable Enepy Lab.

produced by 3 utility from fassil fuels (natural gas or coall

by the introduction of black liquor gasification. Because less process
steara would be generated from the black liquor (coampared t Tomiinson
processing of the liquor), additional biomass residues would need o be
used W meet stcam demand. If the energy contributien of residues wers
riscd to approximately that of the black liquor and both fusls wers used
in gasified/gas turbine systerns, total power gencration might reach 3600
kWh/adme (¢.g. Table 2, third columa from right), coarspending to 173.
billion kWh st the 1994 kraft pulp production level (ar aver 20,000 MW
af installed capacity). This would be same 130 billica XWh above the
wmkﬂkmdmydmaqm&ombh&hqm
and biomass, and more than triple the amount of electricity purchased by
unmus.purpmmmmw With the extra power
coming from carbou-ncutral biomass and eliminating fossil-derived
wwwmdaxbmmuﬁnbylimm
pex year (displacing natural gas combined cycle power) to 25 million
mapum(dsphngmd—mﬁdpsmmq&
power). Fee Sarbon emissions from fossil fuel combuston
hﬂ“&mhlm“mﬂﬁamqu.lm
The economics of adopting: gasifier-based cogeneration systems
Save oot been discussed here, but they will be driven largely by the
dﬁnmdmwﬂwudwquwby
relative apial investment requiraments foc' competing
hﬂhntymﬂﬁ&czum«dumuwm
a al., (1995), suggest that once gasification-based powerhouse
technologies reach commerdially-mature cost levels, they will compete
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