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ABSTRACT

This paper is the second part of a literature review describing the current status of biomass energy
use in the USA. The bioenergy technologies that convert biomass resources to a form of energy were
presented, in particular focused on existing coal fired hoiler, high efficiency gasification combined cycle.
We presented latest biomass power energy supply, economic issues such as its production and plant
investment cost in the Part 1 In the Part II, our review summarized policy and market issues for
electricity consumers, benefits from biomass power which could offer an alternative to conventional
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energy sources in the form of environmental, rural economic growth, and national energy security in

the USA.
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Fig. 1. Life cycle air emissions (Mann & Spath,
2003).
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GHG Benefit from California Biomass Production
(vanous projections for fature ievels of industry aciivity)
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No Incentive: No incentives for biomass energy pro-
duction, leaving a residual level of biomass energy
production that its approximately 25% of the 1999
level.

Moderate Incentive: This scenario assumes that
some form of support is provided for biomass energy
production in the long term that is roughly epuival-
ent to Tax Credit for green energy that was avail-
able is in California (1.5 cent/kWh), with biomass
energy production holding at current levels (1999)
into the future.

Strong Incentive: This scenario assumes that enough
incentives will be available to allow most of the
facilities that currently are idle but operable to re-
start, increasing the biomass energy production by
45% above the 1999 level.

Fig. 3. GHG benefit from california biomass
production (Morris, 2000).
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Fig. 4. Example of front range ponderosa pine
stand before and after thinning to im-
prove fire resilience (Graham et al,
1998).
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Table 1. Technology characterizations used for EPA modeling

Industrial Turbine

Advanced Turbine Systems

Component Biomass Coal Biomass Coal Natural gas
“Low” Technology Specifications

Heat rate (Btu/kWh) 8,660 8,700 7579 7,614 6,202

Efficiency (%, HHV) 394 392 450 44.8 550

Fixed Operating+ 51.25 5125 3966 3906 2880

Maintenance ($/kW)

Var. Operating+ 315 315 246 246 0712

Maintenance (mils/kWh)

Total Capital ($/kW) 1,230 1,254 1,023 1,047 52250

“High” Technology Specifications

Heat rate (Btu/kWh) 9,400 8,700 8227 70614 6,202

Efficiency (%, HHV) 363 392 415 448 550

Fixed Operating+ 4471 30.44 3460 2820 2880

Maintenance ($/kW)

Var. Operating+ 365 260 285 203 0712

Maintenance (mils/kWh)

Total Capital (3/kW) 1,488 1,254 1,243 1,047 52250
* Ref: Bain et al, 1996
Table 2. Average cost of biomass fuel production in california ($/ton)
Commodity Cost Wood Rrocgssmg In-Forest Residues Agricultural Residues Urbax} Wq)d

Residues Residues

Harvesting/Collection 109 211 1111 555
Processing 555 833 722 667
Transportation 667 1056 801 1083
Total Rang 1333 4000 2639 2300

otal Range 820 2850 1842 14-31
Market Price (1999) 2510 3580 2496 2242

* ton : hased on the dried condition
* Ref: Morris, 2000
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3.1.1. Green Pricing Programs

FZ vlare] 3370 Foll A 35001 W) M7 34} A
d A71HLA 2 F9A7)3 A7 Green Pricing
Programs& 83} Utl. Green Pricing Pro-
grams< A7 AH[A7E A7) 3] Abo A Tl A7)
T AANEARE et A71E dAne(10,
25, 50% H= 100%)2 BE9 Z‘”]i‘:} o7 =2
ZFAC telE = lEE S ZRagolt) G
Pricing Programsolli= AAAMIAE ]’\1 A%k ]f‘
A7) F vpoloujaE vES 8 HUd, A4g,
ALY £ o g WAsteE o) nE cHALo] 2]
o A7IEFAAE ©o]lEF 9 ofE Flolg AMeo]

]--*o]—tq 8] z}2] ]Ul—oﬂ u_],g]_ ;-1:_7_1._.,]_%__9_ 2627

o
o 7K 0.7 17.6 AE/kWhe] He ]‘ﬂ Ji*@'%h%
2.87 AE/kWholHEnergy Efficiency and Renew-
able Energe, 2003b). Green Pricing Programs& &
stol Tl A AR 9% W) wEEg 2
A ARE F018-S Table 39 4, Fig. 59 1t
ERATHBIrd & Swezey. 2003, Etra. 2003). Table 3
R Fig. 5ol vFeRdl whe}b 7bo] 2000~2003 el 2
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Table 3. Annual sales of green energy through
utility green pricing programs
Unit: millions of kWh

2000 2001 2002

Residential customers n/a* 3273 06013
Nonresidential customers n/a* 1644 2337
All customers 437 5080 8950

* Ref: Bird & Swezey, 2003

Green Pricing Programs& £3to] %+ A7)
2 s Frlsta 9lom 20029 %ol A58
o) FE e A7) 661.39 kWh= HA ] 74%E
A Bk} Auk Al e] AT ozl e o=
epwtth, =3 Creen Pricing Programsol & 8%+
A7) 89 F7+ Table 4904 & 4 & vieh 2
o] MAAAAR FolA FHo] T8 5%E 7T WY
5. ulol A= 15.1% 5 o] F /b sl £5S
Fo}, 53] ko o] maudle] mqlS o 4s)
o

1= 7)ol AR TR 50% A5 S

Ageta gof o] mrae HatE Frhd Aol o
Z%h(Bird and Swezey, 2003).

3.1.2. Competitive Green Power Markets

A Ane] 5457) wpAR L v gt
7h okt Mul g Al F el AN A A
& wofehs dFolth YAl EelAsr @_7 A
F g %i%"il Aol A Alg s A o el 8l
ok A NIRRT BE 5ol AR e
AN dAE HAA7|R gatolel vtk At
crEe] Algnks A7) Ps chR A AR
2 Ak slEe] Egbof vk slelth BT
oA e H A EEE Ao 0.5~2.5 A
E/kWhe] 7HAEZo) glvk. 7HA S-S Aol A A

A AR Aol A A

Sh QLlE Bol i, 4]
X gol ) o) §7V5 8 A WA 5417 HAT e
ofe] 74X 7ol wet gebart YA A

w7 e e ngsle] olu A el 72 W

of Qare W 9 At BRR el YRR A
o4 wiel Al e gtz Ao Ahu At A

- Thomas Gorman

Table 4. New renewables capacity supplying
green pricing programs

EWin Place % AWPanned %
Wind 225595 785 111,290 803
Biomass 43520 151 23892 172
Solar 413 14 1359 10
Geothermal 5,500 19 0 00
Small Hydro 85% 30 1975 14
Total 287321 1000 138,516 1000

- Ref: Bird & Swezey, 2003

kwh, miltion 350

300
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100

50

2000 2001 2002 2003

Year

Fig. 5. Estimated annual kilowatt hours (kVWWh)
green power sold by pacific northwest
green power pricing programs’ (Ref.:
Etra, 2003).

("RNP does not have access to month-by-month data for
utility green power sales. The data reported here is a snap-
shot of utility sales for the calendar year. The estimates in
this graph for 2003 were calculated by multiplying each
utility’s reported monthly sales for May/June 2003 by
twelve and summing the results. Estimates for Previoux
years were taken from last year's report. Total for 2003
includes PacifiCorp’s Pregon and Washington sales only.)

Ay e Y FEOR A g Bek vl
v 1/39] d71Ae] AgdElar, 2002+ =

A7 ol Ak of 159 e g
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1
ol WA nmYdEdE California®l %%, 199833
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