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ABSTRACT 
Kraft pulp and paper snOIs generate large quantities ef Mack liquor 

and byproduct biomass suitable for gasification. These fuels are used 
today for onsite cogeneration of heat and power in boiler/steam turbine 
systems. Gasification technologies under development would enable 
these fuels to be used in gas turbines. This paper reports remits of 
derailed full-load performance roodding of pulp-Ball cogeneration 
systems based on gasifier/gas turbine technologies and, for comparison. 
eoeooMntieaalsiBaiBrCwbiaecogeaeratioa technologies. Pressudaed, 
oxygen-blown blade liquor gasification, rhe most advanced of proposed 
conaneraal blade liquor gasifier designs, is considered, togaber with 
ffitnr alrrTrnifiTfr thTonii» II rjiTifirnli ^i£llt iinin*fomTTirttJtldCTTlffpns*nr 
(high-pressure sir-blown, tow-pressure air-blown, and low-pressure 
inolrecdy-oeated). Heavy-duty iodustiial gas hnbioes of dte70-MW( 
and 2S-MW;dass aie included in the analysis. Resabs indiejte that" 
gasification-based cogeeeraaoa wirh. biesnass-aerived ibeV would 
tfiaisnsnngtypicnliielpnatt 
alsoefler pBasftuTtJes for net rcrfciftions in daissions of carbon dioxide 
lelacnieiB present pmtirice, ' 

INTRODUCTION 
As discussed elsewhere (Consonni. a aL. 1998; Larson and 

Raymond. 1997a), the taft pulp and paper indus&y in Norm America is 
faced widi me need to retire much o f its black liquor and bioews-ludcd 
steam fiutinecogeiieiaaon capacity Q*uring the next 5 to 20 yeses. This 
presents a unique economic opportunity to introduce gas uuHne>based 
cogeaentioa systems. The biomass and blade liquor gasification 
technologies needed to enable the use of gas turbines are under active 
development by companies around die world and are Ekdy to be 
commercially available within the paper mdustr/s time *feiiK fern-tiring 
existing systems (Larson and Raymond. 1997b}. Long-term ornaomics 
appear favorable ibr gasifier/gas turbine technology using black liquor 
(Larson «re^ 1998) or l)iotnassC^everiiacusercr oil. 1995). 

This paperpreseats results of performance modeling of integrated 
black liquor- and biomass^gasifier/gas tarbiiie-conmuNd cycle 

cogeneration systems for pulp and paper mitts. Cogeneration systems at 
such mills are designed firstly to meet process steam demands and 
recover pulping chemicals from blade liquor, the llgnin-rich byproduct 
from the wood digestion stage in kraft pulping. Black liquor is bumed 
today in Tomlinson recovery boilers to generate steam and an inorganic 
smelt fiem which pulping chemicals are reconstituted. A variety of fuels, 
including bark, other biomass residues, and fossil fuels, are used as 
supplemental fuels at kraft pulp mills today, because the black liquor by 
itself is tr/picaDy insulEcicat to provide all process steam lequirements. 
For stapGchy, here we consider die use of only black Uquor and 

byproduct biomass as cogeneration fads at a baft anlL 
romonni. er aL (1998). modeled rhe performance of duce 

alternative blade liquor gasifier/gas turbine cogeneranon technologies 
and considered dw ase of a Uetnus boiler la generate aotftiotnU steam 
wtwrnsrain derived flem blade liquor w g i n s u n ^ Tbe present work 
euesds die analysis of Consonei, e ta l , by considerliig gasification of. 

conridrred. SbicedwfoensofnMrxesentwe^isoabie^n3ss,oaiyrlie 
blade liquor' gasffier closest to amuwrdal i od ines (pressurized; 
oxygen-blown) is considered. The black fiqoot gasifier is coupled wirh 
a 70-MWcdass gas turbine. The biomass gasifies are coupled with 25-
MW, or 70-MWe class turbines. Heat recovery steam generators 
(HRSGs) use exhaust beat from each turbine to raise steam that is 
delivered to a common steam turbine CRg. 1, lower). The black Equor 
flow rata is s a to meet the fud-gas demands of the 70-MW, dass 
turbine, and is thus constant regardless of the design of the biomass 
portion of the plant, A minimuni biomass fuel rate is established by the 
ruddeiBanasofthebioin>ss<c^plAdnBtmie. Higher biomass rates are 
considered u> allow for supplementary firing of the biomass-coupled 
turbine's KRSG when greater amounts of process steam are needed dun 
can be provided by the gas turbine exhaust alone (sea Hg. 1. lower). 
Results from a parallel analysis wuh a Tomlinson recovery boiler 
Suhnjmrerf tne the Maefc liqunf gwi f i f /pT ti^rir/mSC, tygem U al<a 

indudcd(Rg. 1, upper). 

Preswited atthe International Gas Turbine & Aeroengine Congress & Exhibition 
_ ^ Stockholm, Sweden—June 2-June 5, 1998 
D S S S I ^t^laeeepte^Sr p^fiS f i ,*n *• the.Transaetions of the ASUS 
DISCUSSion Of it will ha a e e w M at ASM? Haarfotmrtprn imHI b n h m U <tn iae* 
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Rg. 1. Block representation ef cogeneration systems modeled. 

CALCULATING PERFORMANCE 
The approach used to calculate cogeneration performance follows 

that described by Coosonni. et aL (1998). who also describe derails of die 
mode&ng of the two black liquor conversion systems considered here 
(oxygen gasifier and Tomlinson furnace). The discussien of 
methodology nera is restricted ta key issues relating specifically to 
modeling the use of biomass ia gasifier/gas turbine systems. 

Biomass Gasification 
A variety of relatively large scale biomass gasification technologies 

ane as various advanced stages of development (Weyerhaeuser <r e t , 
1995; Wgfianw and I jirtoa. 1996; Larson and *faytnoadU997b). Ihree 
ganfierifrascleanup«lfqgnc«T»<-^.£^»ft^^i»»f.J a»<n,WpJr.ih^rpi;r—. 

aavfclowa fiaidixed-bed gatificarion wirh wet scrobbing, t g , the 
mchaotogy under development by TPS (Waldncim and CwpT-flrtirf̂  
1998). OO pressurized air-btown fluidized-bed gasification with bofrgas 
saeanm^c^-teiwfirwlno 
|99fXazid^arxnosptieo>presjureuid^ 
wet scrubbing, srxcifiany the feamrfla CotapW liberaosry 0CL) 
artiriologyBeeBSedterWQahAm 
and Anson, 1997). 

The assumed biomass ganger B-eriqw^ fr rtv- mnA-ifa fî r* :t a 

mixiure of pulpwood harvesting and *»•««•«£ residuals and sawmill 
waste, wirh an initial rxrisancoareuoOO*. The waste badeaad hog 
fiid geaeratsd at atypical baft pulp mBl converting logs hue pulp 
amounts to some 025 dry bones c€bteoass per air-dry tonne of pulp 
product (TX25 to> Ap). Many nulls may have access to much mens 
biomass. One detailed sady around a Weyerruwmer palp nail mrfatii 
Carolina identified a sustainable supply of up to 3 t*A*at reasonable cost 
in the form of harvest residues and self- and externallv-generaied null 
residuals (Weyerhaeuser er at , 1995). 

Table 1 gives the detailed biomass composition Gn tne table 
aptionX as weU as modeled performance of alternative gasiiies. (The 
sveoH model odndes drying; of the biomass tea 50% to 20% l 

com^ntbefijregasificationO 
Fmnirinl gasifier 

petfiit imnce estimates given 
by Weyerhaeuser, ef aL 
(1995) have been used as a 
guide for the expected 
performance of the tir> 
bkjwn gasifier designs, 
supplemented by discussions 
widt developers of these 
designs (specifically TPS 
and CarbooaX. BCL-
technology developers have 
been consulted in arriving at 
the performance results for 
rhe third design. The 
gasifier hear/mass balances 
in Table 1 reflect reasonable 
values of gasification 
temperatures. carbon 

conversions, cold-gas 
efflcitndes. heat losses, and 
product gas heating values. 
Gas compositions have 
been allowed in vary 
somewhat from published 

values in order to close die hear/mass balances, because smaU changes in 
gas composition alone have relatively Hole impact on calculated overall 
cydc yeifonnanee (Hughes and Larson. I998X For adefinooal dfocumoo 
of the three biomass gasifier designs considered here, see Weyerhaeuser. 

Table 1. Modeled performance ef alternative biomass gastfiers. The 
feedstock h aU eases is biomass with 20% moisture content with the 
renewing composition (dry mass basis): 50L2% carbon, SAX 
hydrogen, 94A% oxygen, 02% nitrogen, and 4% ash. hs higher 
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ittaOw'tU' Ttae î&seatMltanBedurliBPt 

wjtcKrfwe<uutoo«e»wioefltwcareBi»ni»,uj ImieliirMar 
W«wcMei^MSi«Wlilrn;i«ilftiii|n»jltia.ltoturtgi!Wfirtrl«>a) 

3 



P.5 

07/26/99 11:10 ©202 463 2423 AF&PA @ 0 0 4 / 0 ^ 9 

f?g. 2. Heatftnass balance for Tomunson black liquor boiler widi supplemental biomass boiler, 
(chaded area) when oetrveringiu GJAp rjreee» steam. Adapted from C o n s o r t e ta^ (1398). 

er aL 0995); Craig and Mann (1996); Consonni and Larson (1996); 
Larson and Raymond (1997b).. 

Turbomachinerv Assumptions 
The accurate modeling ef actual commercial gas turbines is an 

important feature of the process modeling software used. Turbines widi 
the characteristics of rhe Siemens KWU 6*Ja andtheABBCT-IOare 
simulated here to represemstate-or?^be-4n*70-MWa class and 25-MW, 
dass industrial turbines. These two power outputdasses were selected 
because the requisite fuel delivery falls within the range gf Wag* is^mr 
or biomass fiid that Is. or conld be made, available at insny pulp nulls in 
Nonh America. A 70-MW, dass machine is integrated with the black 
liquor gasifier (Pig. 1. Iowa). A comparable black liquor flow is 
specifier! fix the eases involving the Tomlinson boiler. Because it is 
expected that acnospheric-pressure biomass gasification systems, 
particularly air-blown designs, will be more competitive at 
smaller scale dun pressurized systems (Larson and Paynwyf 
1997a), the affliusphetfc-pressure gasifters are ̂ wiptrrl widi rhe 
smaller ufrherwonnfeines. Tee aroiusphaic-pressnrc incfinxdy 
heated gasifier is also modeled widi die larger Urbine, as is the 
pjcssuriied air-blown gasifies, 

gnirnrcdnOm heat sources u\tmdfiEm bo . 
i (Rg. I'L A s a g e of total process steam demand is 

r turbine ts used rlrpmrling on tnclevd of. • 
1* Clbeback^tessun nsrbte b dm paper> 

industry standard today-)' Process smaanfcdefivewrfatlQfray^ 
4 bar m a mass ratio of 1^. 

E^r>tlmeqra1iOil 
To tedace die eomplesity of rhe rermJred rffrfrilfrfl: heat 

mtegraDmwidu^uwbiornasssab-secticflofafiia 
done independently of titat wirhm die blade liquor processing 
subjection. Figures 2 and 3 (adapted from Consonni er a t , 
(1998)1 show flhisaative heat and man hatano^ (fi^ ̂  prrimlir 

tOJ~ Process *wsim demand) Cardie two blackBqcor 
processing systems considered. Asupplemental 
biomass boiler included in the mass balances is 
shown in die shaded areas of these figures. For 
ihe sunolan'ons reported in this paper, these 
shaded sections were, in ^ T * . replaced by 
alternative biomass-gasifier/gas anbine-HRSC 
systems. For eacb of the ttueebtomass gasifies 
considered bete, figs. 4 ^ show fflustradvc heat 
and mass balances fix rhe biomass sub-secrioas 
for a particular level of process steam demand. 
Steam delivered fiom die black liquor sub­

section hiKficatedm these figures. This steam 
is combined wirh the steam generated in the 
biomass sub-section and rhe combined flow is 
delivered O the steam turbine. 

Within each sub-section, efforts have been 
made to optimize rhe heat integration among 

components to maximize effidency within practical cost (and """-rial) 
constraints. Heatexclungernetwodo have been dedgtieduDowmgtwo 
guidelines. Fust lugb-tenmerature gas streams transfer heat only to 
water or stcanvwater mixtures (evaporators): the high heat transfer 
coefficients guarantee acceptable heat exchanger metal temperatures. 
Second, to the extent possible in practice, heat is transferred across 
relatively small temperature clfferences and between Sows having similar 
ihermal capacities, which reduces irreversibilities. 

RESULTS AND DISCUSSION 
Overall Performance 

Overall calculated performance is lurnmarized in Figure 7. which 
shows power output per metric tonne of pulp product (kWhA,) for 
different levels of process Ream production (GJ/tp) for each of the 
technology configurations simulated (upper set of curves) and the 

I The 
fa 

turbine by 

estimates ia tttts paper am for osw 
it may be frwitMn ta 

minor nviififiriBoni to k ( eg . to use i 
ijsums. 

performance would be aHJereatciom 
syses&ssta 
ia this paper 

fig. 3. Hear/mass balance for oxygen-blown black liquor gasifier/gas turbine 
with supplemental biomass boiler (shaded anta) wtien deliyeiinglSJ GJrtp 
process steam. AdarrtedframCensenrd, etal, (I99B)> 

f 
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Fig. 4. NestAnasa balance for bioinass^asifler/gaa turbine pe<non of 
a tufl ©©generation system that includes a Tomlinson black Rquor 
boiler (see ng.1). The biomass gasifier b a low-pTesaurt air-blown 
design and Is fuoGng a 2S-«iw. class turbine. The complete system 
ddivars 1&3 GJAp of process steam. 

Hn'r^Tu1*' 

fun F|g. 6. Heatftnass balanee fer bfomass-gasaler/gas turbine portion ot a 
cogeneration system that includes a blaek liquor gastfier ('see fig. 2). The biomass 
gasifier bra few-pressure irtfirectly-heated design and is fueling a 2S4IW, class 
turbine. *The complete system defnwslUGJ/bse^proeesaslearn. 

Fig. S. HeatrVnass balance for bbrnasa>-oasfficrtgas tunji^ portion ot 
a fun cogeneration system that Includes a bfaek liquor gasifier/gas 
turbine (set Rg. 2). *nSebioiiuuBejaslfiertaahia>pre3sureair-blawn 
design and Is fueling a 70-MW. class turbine. The complete system 
delivers 16 J &t/tp of process steam. 

corresponding biomass fad requirements per tonne of pulp 
(<eA> (lower set of curves). 

For reference. Fig. 7 indudes results from Consonni tf 
d. (1998) for die two cases when biomass b bumed in a 
boiler rating than bring gasified, batese cases, process steam 
is delivered through a back-pressure nirbuie, so power output 
i n w g l C T t m ' A t n ^ » M h < ^ p i f » M U M n . / fc i iu iy t S W l t n » 0SKMK 

involving gasifirarion of bmenass. die minimum power, output 
point marrsfwfs the maximum process steam defivoy uuwnln 

^^wirhnirt oifwInTS'i'rtal firing ofn^gasttnjB^ffiSG^jFar^yy 
' one of these systems, process steam demand levels m u x right 
of die mitiinirrm 'power point require greater,,'biomass 
ronmmprion to enable supplemental firing of the HRSC 
Process steam is ddivered through abaefcpnasute turbine in 
tiiese cases, the right end point represents the situation in 
which there is just sufSdeat oxygen in the exhaust of the 
biomass-coupled rarbine to enable complete combustion of 
the amount of supplemental fiid required to generate rhe 
particular process steam demand. (This curve could extend 
further to die right, eg . by introducing additional fresh 
orobusticv air. but ihisb note To ihe left of 
the ntinimum power point, no supplemental firug b tequiitd. 
Biomass consumption remains constant (to meet rhe fuel 
•*—rw** of the gas nsrbine), and lower process steam 
ccnajulseMl^aconocnsingrurbincwr^usedogauaatc 
additional power. The left end-point represents tic ctsc when 
all of "ar sterol g T W ' * •" * » H " « pardon of rhe plant 

. r 
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V* 

4000 

^ . ... 20' : -JW^. 
Process Steam, GJ/tp . . 

T^7.0rd.rr\Hm. pjaneiafjon god foornagg fadcorMiDopflailorafl 
ciUpiM.i'ifiiwi lyiff.iiu consirleawd Induspaper. In afleases,die black 
uquor eensumptioo Is 25° GJ/t^Tha two "reference-( 
Consonni e tat , (1998). 

is condensed. (The carve could ouemi further to the left by condensing 
additional steam, but this b not considered here) 

Among dm cases involving the Tomlinson bofter (solid lines in Rg. 
7), the case when biomass b bumed in a boiler pnrvides die lowest power 
wirpwfixagivenimxxsssteajnaemand. ta tbe orha hand, btomass 
Aid aaniiterngntg are also lowest, h e c n w a t»«iW«»o«« n ,* ;» OMMIK 
a larger fraction of Input fiud ra n a m thaw /fr-« a t A m H W . r r i f i » / p t 
nntino-HRSG arrangement. However, the two gasifier systems using die 
25-MW, dass turbine (which have roughly comparable pertbrmance) 
consume tdativdy modest additional amounts of biomass (especially at 
Lwjer proems steam drrrrfmd levels). whQe defiveringcansiderabiy more 

electrical power. Widi the 70-MW. dass imtaiie.nwdimme power b 
grnrnfed than in foe reference (biomass boiler) case. Tne additional 
biomass required lo accomplish thb vario considerably with tjjelevd of 
process steam demand. 

The results fertile cases invoWing the black Honor gasifier fVMThrt 
lines in Fig. 7) paraOd those for tne set of TomGnson cases. Power 
production b considerably higher, however, due m die more effiaent 
conversicoofblacklkmoroekaricity. Biomass consumption b also 
higher in bote part because in tiiese esses steam ddKemlfroinrhgtiiart. 
uquor processing section of die plant b tower than witiiTomfinsoo black 
liquor processing. The performance for otieaamooti^ 
b also induced: Ae high-pressure air-blown deagn with a 7IJ-MWe class 
tnrbine. This case produces a comparable amount of power as the 
indirectly-heated gasifier coupled to a 70-MW, class turbine, but 
consumes less biomass for a given process steam demand, reflecting the 
higher efficiency of tne pressurized gasification system. 

Mni«SDeeifie Performance Comparisons 
Comparisons amonp alternative Diani eonfignndon* m fllinwfa^fpri 

by a mill-spedfic examination. For conenseness, process steam and 
power demands representative of a typical present-day ILS, nail are 
considered-! 6 3 GJAp and 656 kWhft, (net of die cogeneration plant). 
[Consonni. et aL (1998) give process energy demand data that hdpsput 
rhese figures in international perspective.] Detailed beat and °»TT 
balances for plant configurations defivering 16J CJft, of process steam 
are shown in Fig, 2 and 3 for the reference ca^'mvolving biomass use 
inboikrs. figures 4-6 show heat and mass balances for the biomass sub­
section for three of the configurations involving biomass gasification. 

Table 2, which summarizes die performance of aU systems, 
highlights the much greater power generation levels achievable with 
gasification. Biomass-gasifier/gas turbine systems coupled widi a 
Tomlinson boiler (left half of Table 2) would produce 50% to 180% 
more power than die reference Tomlinson plus biomass boiler. When 
coupled with black liquor gasification bight half ofTabte 2). then power 
production b 230* to 320% more tiian die case usmg dm Tomlinson and 
biomass boucr. 

With one exception, the cratribntion of the steam cycle to total 
power production b appraximatdy the same for aU systems using a 
Tomlinson boiler (left half ofTabte 2) and fee aA systems using the black 
liquor gasifier (right half of Table 2), because process stram demand is 
fixed.*1 bi dm oimeass where dnsbnm a m (Tarn 
.heated gasifier with 70-MW, dass tmbineXtbesteameyctemvolvesa 

•.+*mA^i^*£w^m wmiUp f M J J f ^ a fraH^fw*mgtmMag. A&OSAa , 

ThelastrnwmTabklbem'onasimatiw 
' ba considering r£ptacing an existing Tcmfinson-based cogeneration 

system. A baseline ahexnative in das dtuarioo might be dus installation 
of a new Tomlinson recovery boiler wich a biomass boiler to augment 
steam delivery ro a bac*-rmssuTc steam turbine. If the mfll has an 
opportunity to export power, then one of die other plant configurations 
in Table 2 might be adopted. Each generates more power than the 
baseline configurarion, but each requites more biomass fuel as weU. 
Dividing toe incremental power genentedbyn^lnaemenrabieniass 
consumed gives a measure of the marginal fuel raw associated with rhe 
increased power production. The high incremental eflMendes in Table 
2 indicate that marginal fud costs would be raw. Investment and 
nperaringfriMMwany costs would obviously, also be considered in any 
full evaluation of alternative cogeneration options (Larson, er aL 1998). 

* 5tcsn oatine power b higher for die 
bemuse of the higher 

krwtvtag Hack Bqeor gadncado 
c o be used. 

lo 
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Tabte2.Sununaryceeyarisenefan«niativeblaek 
ma wtti a fixed rxoeess steam detnaiid Ona 
roaselmsls,fuuTa1enrBeesss F*&2stoma detailed 
flow sheet for one of the eases m this table. 
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prom ting The last two sets of 
bars are for cases with gasification 
of black liquor. 

The first set of bars assumes 
fossa rad (natural gas or coal) is 
used in a boiler; co augment steam 
production from the Tomlinson 
furnace. All steam expands through 
a back-pressure nutine before being 
delivered to the process. The 
positive carbon emissions are due to 
the use of fossil fiid aidm-nalL 
The second set of bars assumes a 
biomass boiler is used m place of 
die fossil rud boiler. Power 
production is the same as die first 
case, but carbon emissions are 
slightly negative now because 
carton-neutral biomass has replaced 
rhe fossil fuels, and sale of some 
power co dm grid eliminates a small 
amount of fossil-derived utility 
power. The third set of bars 
assumes a bteoass gasifier/gas 
turbine (wirh supplementary firing 
oftheHRSG)isusedtoplaceofrhe 
biomass boiler. The greater amount 
of power generated enables larger 
amounts of fossa-derived utility 
dectridty to be eliminated. leading 
to larger negative carbon emissions. 
This Bend is maintained in moving 
to the last two bars—greater and 
greater- amounts of power are 
generated from cadion-neutral rods, 
leading to moreand more negative 
carbon emissionŝ  

Greenhouse Gas Emissions Reductions 
Assuming mcblark firmer and solid biomass energy resources at a 

pulp mill ate derived item reacwablyrjrecluKed wood, the use efttese 
energy is^ownataeants^ 
of carbon dioxide, tiK most mrpoo 
tcleasedtae-mMan'mgtlK ' 
lyarwplatffwowrh, Tothctstent*iuga**uscoftJre 
icsources can reduce the use of fossa fuels, net redactions in COj 
rrahsfoot would result. The potential reductions ie OOj emissions can 
he quantified rang die ahewg perfhrmafK* Pffirmi^ Consider 2 pulp 
mul with a production tare of 1300 tjriday and process steam and power 
iemandsof I6JGI/tpandW6kwVt-. (These are, approxinutdy. the 
chafarrrtioirT of the saffl cwsidered m Table X) For five powerhouse 
leehnology coofigonrioiis, Rg. 8 uowsriio»oirMwcrgcncnuedattne 
powerhouse while meeting rmxesssteaaderoand. Abo shown for each 
ase are two estimates of ret annual carbon emissions from the iraTL 
Ibcsc rmitsions are calculated """""'"g that any power generated m 
=xeess o f process neede is egponed ta a utility grirf TA,^ fr HiTlf»"'T 
he need to generate aa equivalent amount of power fi^mnamnd gas or 
!rom cad (bo* oses are shown in Rg. 8). The first three sets of bars, 
ne tor confignxarjons involving a Tomlinson nitnace for black liquor 

CONCLUSIONS 
The gas turbine-based cogeneration systems modeled here would 

. permit kraft pulp and paper nails to produce tar more power firom sdf-
genomted renewable fads dust is the case today. In 19K the ULS. palp 
and paper Industry produced.soma 48 rfBrmjohves of baft pulp 
(AFPA. 199S) and m tim process c o n s u l M5EJcrf*btackIiqtiorsnd 
QA EF of riocaass (AFPA. 1990! AfammgCogrrirrarir^ today 
generate 900 kWM, fina these fuels, as modeled hem (table Z left-
hand columnX total bionsBS-derived power generation hi die baft 
industry is sonie 43 UIBonk*wVycar. The total paper industry (kraft and 
other products) bums fossil fuels to generate additional power and also 
purchases power. 

Oo average, the present leva) of setf-gerierarad black Uquor and 
biomass feds would testu^dentto generate about I33QkWhfVor450 
kWW, in excen of present systems if used in cogenerafico systtmu that 
include a Tomlinson boiler and a coupled biomass gasifier (cg~ see 
Table 2, secoodcotamn, for which die ratio of blade Uquar-to-bioraass 
energy is approximatdy 1.1SA7.4). At a production level of 48 nnlSon 
tyyear. kraft mills could produce an additional 22 billion kWhryear or 
nearly balf of die 51 billion kWb dut die total industry piirchased in 
1994 (AFPA. 1996). > 

Electridiy generation at kraft miDs would be fnemased even more 

7 



P.9 

07 /26 /99 11:13 © 2 0 2 463 2423 AF&PA "2 008/0^9 
\ i 

FasafltXial 

QPowr Generated 
0 Net Carbon Bnissiers. Natural Gas 
•Net Carbon Emiaaiona, Coal 

IBtl m » h f F'ltu iidB" 
Praeaa ctatro daaunt IBS CJlti 

SStkWftax 
tJiawpaMrnbMta: 

crda f/MJMMh, e.D9S kaCfWVh) 
CaaMGCC (S uvkWh, 0.182 tajOKWht 

200 

150 

ICO 

SO 

I • 
I -» 
5 
% - in 
£ 

-150 

-200 

•sso 

-300 
f ^ a. r7^w>r generation and net careen emissions for m^ 
m n produdng 1200 t/aay. The carbon emission astimatas assume tnat power generated at trie mill In 

i of mat needed for pulp production would be sold ard would efiminate an equivatemarnc^jm of power 
lbyautStynvmfos^fiiel5(riatural9asorcoariL 

Black Uquor Gasifier, 704IW GT, i 

0batfH*r,70-UWaT 

REFERENCES 
AFPA. Paper. Papaboard A Wood Pulp, 
1995 Stmt*, data Areas* 1994. American 
FonMftPaoarA«oc.Wasa,I)C 1995. 

AFPA. Foa Sheet an 1994 Energ Use at 
ike US Pulp Ji Paptrbtd. American Forest 
*PaperAswc,WpduDCMar.27.1996. 

S. and Larson. E D . "Oas 
Teniae Cnmbinrd Cycles, tat A: 
Techootogiei and Perfornuace ModeCog. 
and Part B: Peubtnama Cairnbriooa and 
Esrwnmte AnessnMnr.'* X Eitgng-forGas 
Tritina A Pernor. 118:507-525.1996. 

Cnmcinnf. &. Larson, ED. Kress T.CL 
and Baffin. N^^UcklJquorCasineryCas 
Turbine Cofgicntkn.** J. Engng-for Gat 
Tvi-ra A. Power. tbrAcaagng. 1998. 

Craig. KJL and Maan. MX. Cost and 
Petfommce Arafpv ef 8fomgts.8aud 
Integrated Gairfieerww Comtintd-Cytle 
IBIGCQ Pfmr Syams. NREÎ TrMJO 
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by the introduction of black liquor gasification. Because less process 
steam would be gencrawrrf from die black liCjuor(corjy3redttTornlinsoo 
processing of rhe liquor), additional biomass residues would need m be 
used to meet Steam demand. If the cneraycontnTjution of residues wera 
raised to approximately that of the blade liquor and both fuels were used 
in gasifieergas turbine systems, total power generation might reach 3600 
kWVadrar. ( e g . Table 2, dnxd column from right), coo^sponding to 173 
bOfion kWh at the 1994 baft pulp preduction levd (or over 20,000 MW 
4uTinstaDedcapadcy)L Ibis would be some 130 biQioo kWh above rhe 
estiteated present baft industry dectrickyproc'uerica from blade liquor 
and biomass. and more than triple the amount of decrriticy purchased by 
the entire O i pulp and paper industry today. With the extra power 
coming from caiboo-oeurxal biomass and rfiwrfwyfrg fiKSfl-derived 
ehenicity, total net emissions of canbooworddM by 13 mfilioo tonnes 
per year (displacing namral gas combined cyde power) m 25 muThm 
tonnes, per year (rfisplaring rsal«gtafien'gas turbina combined cyde 

.power), ratmmpmbun, cartoncuiLiauua from fixtsfl'fiielromhimton 
tnan*LLS.industrYml990wBs275nsllMtrm 

The econonaes of adc^ting gasffier-based cogcxKrerjoo s ^ 
have net ban dhnrwrd here, but dsey will be driven largdy by die 
relative cost trf purchased fbds and value of electtidty salas and by 
relative capital mvestment raquuaxnents for competing systems. 
Preliminary cost studies, e g . see Laxsc«.*ral(199s0 and Weyerhaeuser, 
«s a t . (1995). suggest that once gasification-based powerhouse 
irrhnolngici reach crimmerdally-4iiamre cost levels, they will compete 
wdl against boiler-based technologies. 
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