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Role of Woody Biomass

A Wood is the
second largest
source of
renewable 3
energy inthe |2**
U.S. after hydro w
A Wood supplies 2_4

about 2% of
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U.S. energy i

U.S. renewable energy sources from 1950

needs 2009 (EIA 2010)



Woody Biomass Resources

A Variety of sources ranging from forest biomass to _
harvesting and manufacturing residues to short rotation
woody crops (SRWC)

A Multiple sources can be harvested at different times of the
year and mixed
I Limits need for long term storage of feedstocks
I Consistent year round supply can be maintained
I Handling and transportation systems developed and in place
I Justin-time harvest and delivery
A SRWC and forests are perennial systems with low annual

iInputs and high potential to generate a broad range of
ecosystem services



Sources of \Woqdy Blomass
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A Spectrumof systemshat can be used tproducewoody
biomass for biofuels, bioproducts and bioenergy and
associated gradients soil manipulation and silvicultural
iInputs (After Burger2002).



Timberland in the U.S.
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A Over 25 billion tons of
standing biomass

s A Variation in ownership

patterns, policies and
attitudes determine
access to forest
resources

Figure 2¢.2. Public and private forest ownership in the conterminous (Sm|th et al. 2009)
United States.



U.S. Forest Biomass

A Across the U.S. annual forest

30 growth is 1.7 times greater
| ot than annual removals
I A Varies from 1.2 in the south
s central to 3.3 in the pacific
§ 15 northwest and across forest
g - type and species
05— A Various social, biophysical, and
. regulatory constraints result in
' 1952 | 1962 | 1976 | 1986 | 1996 | 2006 an estimated 369 million odt
- of woody biomass being
Figure 6a.4. Growth-removal ratios by softwoods and hardwoods, 1952-2006. available eaCh year fr()m
(Smith et al. 2009) forests (Perlack et al. 2005)

A Social constraints limit
biomass availability in the
northern forest by ~60%
(Butler et al in press)
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Loblolly PineRinus taeda

A Main species on over 12
million ha

A Makes up over ondalf
of the standing pine
volume

w Yields (odt/ha)
w Current: 9- 11
w Near future: 13 18

w Distant future: 20+



Productivity___,

Research Technology Ladder To Improved Producti\

Past Current Future

Genetically Engineered Trees

Optinpization df Silvicultural Improvements

Entire Rotatioh Nutrient Management

l—CIonaI Forestry |

Mass Control Pollinati
Low Impact Logging/Harvest Scheduli

Soil Mapping Unit Land Based Prescriptio

In-Woods Chipping
Mid-Rotation Fertilization —|

Herbaceous Weed Control : ~ .
Family Bloc + Genetlcs u 35%_ nutrltlon
High Production Loggin U 35%- Vege'tathn
—Orchard Mix management
hosphorus Fertilization | U 20%- tree improvement
Nursery/Seedling Improvement | U 10%- match silvicultural
Seed Production Areas SyStemS and SGﬂite
Hardwood Release Application CIaSSiﬁcation (Vance et al
~Bedding
Drainage ‘ 2010)

Stocking Control
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Eucalyptus

A More than 700 species of
Eucalyptusvorld wide

I 20 species widely planted in
over 100 countries

A Some of the fastest growing
trees in the world

A Advantages
I rapid growth rate

I resistance to disease and
insects

I desirable wood properties
I coppicing ability

A Limitation
I Cold hardiness




Eucalyptus

A Eucalyptus benthamii
(Eben) andeucalyptus
macarthurii(Emac) are
fast growing with
sufficient frost
tolerance for most of
the Gulf and Atlantic
Coastal Plains in the
southern U.S.

A Species being |
developed by ArborGern -

Eucalyptus macarthurii and benthamii planting zones

A Planted for both pulp Recommended planting range (ArborGen)
and bioenergy



Eucalyptus Management

A Plant containerized stock in the__.
fall following mechanical and g
chemical site preparation

A Pulpwood at 1,485 trees/ha
and 8 year rotation

A Bioenergy plantation ~3,000
plants/ha and 23 year rotation

A Fertilize with P at planting and &
after crown closure at age-2
years with N

: : Young eucalyptus plantation
A Biomass yields (ArborGen)

I E. benthamiB year rotation, MAI
32-40 tons/halyear

I E. macarthurig year rotation,
MAI 2232 tons/acre/year



What i1s HybridPoplar?

A GenusPopulus i 7

I ﬁQS ecles from the northern
emisphere

I Aspens, cottonwoodgoplars

A Habitat

I Warm to cold temperate climates | = o
i Adapted to wetlands andplands | p geltoides

A Fastest rowing tree In the
temperate zon

I Accelleration phase of stanﬂ.
evelopment can occyr within
three ;Pears of establishment

§ Arctic Ocegn
7

i Mean annual increment of up to »
LT odthaNT P e

A Distinctdomestication strategy [
I Bred as species hybrids 1T oo | TPy
I Managed as clonal varieties ’“

(Brian Stanton 2010)




Plantation Acreage in Minnesota

-Approximately 30,000 acres of hybpoplar
-Approachind25,000 acres by Verso Paper

- Began in 1996
- Most acreagelanted &
In two clones
(DN34,NM6

- Hand planted with
dormant hardwood
cuttings or juvenile
plants from cuttings

(Bill Berguson 2010)



Hybrid Poplar Production

A Current acreage planted
at about 750c 1,500 !
plants ha

A Weed control for first 2
3 years

A Fertilizer applications in
early and mid rotation

A Harvested using forestry &= s + =
equipment on 1612 Hybrid poplar several weeks afte

year rotations planting

(Bill Berguson 2010)
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Pacific Northwestt.ower and mid
ColumbiaRiver Basin

11,500 ha in established systems
14 - 17odt/hal/yr in mid Columbia

11-15 odt/halyr in lower
Columbia

Originally 622rees per acre for 6
8 yearrotations for pulp wood.

Recently 14%rees per acre on 12
15 yeargotation for saw logs RS | 1 )
One farm was FSC certified in IS e £
2001 and renewed in 2006 v LA S

Two additional farms were FSC
certified in 2007 and 2008

Harvestlng hybrld polarlnthe
(Brian Stanton 2010) Pacific North West



SoutheastlowerMississippi River
Valley

A P. deltoides
select varieties

A Nursery
operations
underway

A 9-12 odt/halyr

(Brian Stanton 2010)



