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Size matters. small distributed biomass energy production
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Abstract: Current large scale biomass energy production systems including cellulosic ethanol, gasification, and
pyrolysis facilities face significant technica and economic hurdles. Compared with these large scale systems, small
distributed biomass energy production systems (DBEPS) are believed to offer advantages including lower capital costs,
lower feedstock costs, simplified transportation and logistics and higher returns for biomass producers. DBEPS
compliant technologies are expected to make utilization of regional biomass supplies practical and economically viable
in the near-term. This paper presents arguments on the need and importance of DBEPS, available DBEPS options, and an
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economic scenario of DBEPS implementation on an average size farm in the US.
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I ntroduction

Renewable energy is one of the most feasible
long-term strategic solutions to energy security and
sustainable development. Wind power, solar energy,
hydraulic power, geothermal energy, biomass power and
fuels, and ocean power are the popular forms of
renewable energy. In recent years, tremendous interest
and investment have been directed towards production of
energy from biomass, which accounts for 47% of all
renewable energy or 4% of the total energy in the US. A
2005 United States Department of Energy (DOE) and
United States Department of Agriculture (USDA) report
projected that 1.366 billion dry tons of forest and
agricultural biomass is available per year™™. The notable
rationale underlying this trend is the possibility of
providing renewable liquid fuels for transportation and
other uses where liquid fuels offer advantages,
particularly in emissions control. Liquid fuels, which
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account for more than 45% of the total energy use in the
US, have high energy densities, are easy to transport,
store and handle, and are distributed through established
infrastructure. Therefore liquid fuels made from biomass
have the potential to replace petroleum-based liquid fuels.
The same DOE and USDA report predicted significant
increase in transportation fuels from biomass from 0.5%
in 2001 to 4% in 2010, 10% in 2020, and 20% in 2030,
Biofuel boom competing with feed and food supply
Currently, ethanol from corn and biodiesel from
soybeans are the most successful biofuels in the U.S.
Increasing demand for biofuels is putting tremendous
pressure on corn and soybean production. There are
concerns about the corn ethanol and soybean biodiesd
industries competing with feed and food supplies. For
example, the price of corn rose by 70% between
September 2006 and January 2007 to reach its highest
level in a decadé?. The feed and food industries and
consumers are aready feeling the pinch of increased corn
prices due to the explosive growth in ethanol production
encouraged by high petroleum prices, government
support, and the promise of new technology!®.
Cellulosic biomass: A solution with many challenges
Increasing interest is being turned to the utilization of
lignocellulosic agricultural crop and forest residues for
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biofuels and bioproducts because these cellulosic
feedstocks are abundant and outside the human food
chain. The federal government has invested heavily in the
development of technologies for converting cellulosic
biomass to ethanol. Earlier this year, DOE awarded $23
million federal funding for research” and $385 million
federal funding for building six new cellulosic ethanol
plants™. However, the cellulosic ethanol alternative faces
difficult technical and economic barriers. The high capita
costs coupled with high costs of enzymes and feedstock
present very high risks to investors, blocking
commercialization of the technology. One challenging
issue is enzyme cost, so Federal agencies contracted with
two major enzyme companies to develop low cost
enzymes. In October 2004, Genencor was able to reduce
the enzyme cost by 30 fold to $0.10-0.20 per gallon of
ethanol, and Novozymes Biotech reduced enzyme cost
from $5 to $0.30 per gallon of ethanol . However, the
overall cost for cellulose ethanal is still much higher than
for corn ethanol. Nevertheless, the largest cost contributor
is feedstock. Although cellulosic residues in the field are
rather inexpensive”), getting the residues to the
processing plants and converting them to fermentable
sugars is very costly’®. A study funded by the DOE
shows that the delivered costs for corn stover range from
$43.1 per dry ton for a 500 dry ton/day facility (1,800
square miles collection area, 22 miles average one-way
hauling distance) to about $51.6 per dry ton for a 4000
dry ton/day facility (14,000 square miles collection area,
62 miles average oneway hauling distance)”. The
difference in delivered costs between facility sizes
reflects transport costs, which account for 33% of total
delivered costs for a 500 dry ton/day facility and 40% for
a 4000 dry ton/day facility. Research has found that the
financial advantage provided by large processing capacity
may be offset by high delivered costs of feedstock, and
suggests that biomass industry development should
include smaller-scale facilities to be economicaly
viable®. Furthermore, compared with corn ethanol
production, additional processing costs are needed to
convert cellulosic feedstock to fermentable sugars, which
would raise feedstock-associated costs to as high as
70%~80% of the final product cost!®®. Thus, cellulosic
ethanol faces challenges to reduce costs in feedstock
transport and processing.
Distributed biomass energy production systems. A
“smaller” solution

The above analysis leads us to believe that future

economically viable aternative biomass processing
systems must significantly cut down feedstock-related
costs by reducing transport costs and developing more
efficient processing technologies. Biomass has a very low
bulk density (173 kg/m? 2.98< 10° kI/m® for baled hay))
as compared with bio-oils (1473 kg/m® and 2.09X 10’
kJm® (Figure 1). This 7.5-fold improvement in BTU
density is a key benefit of producing bio-oils from
biomass. If biomass feedstock can be processed into
bio-oils on the farm and the bio-oils can be used directly
as a boiler fuel or transported to a central biorefinery for
further processing, significant cost savings can be
realized (Figure 2). To achieve this, aternative biomass
energy production systems must be devel oped.
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Figure2 Distributed biomass processing scheme

The Distributed Biomass Energy Production System
(DBEPS) concept relies on scalable technologies that can
be implemented on average-size farms where crop
residues are converted to bio-oils with minimal
transportation. The bio-oils produced can be used as
home heating oil or transported to a central biorefinery
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where upgrading and manufacture of other products can
be carried out. Any DBEPS must meet the following
criteria: (1) affordable capital cost, (2) low transport costs,
(3) easy to operate (turn-key) technology, and (4)
economic and social benefits for the rural community.
A 40~50 million gallon cellulosic ethanol plant costs
about $300 million to build while the cost for building an
on-farm DBEPS facility would be lower than $200,000.
Feedstock may be collected from one farm or neighboring
farms with minimal transport costs. Operating a DBEPS
facility should not require special experience or expertise.
Farms can use the bio-oils or sell for profit.

|s DBEPS technology available?

Generally, thermochemical processing facilities are
less expensive than biochemical processing facilities,
such as the predominant dry-mill ethanol plants using
corn grain, making the thermochemical approach is a
good candidate for DBEPS. Gasification and pyrolysis
are two popular thermochemical processes. Large scale
gasification and pyrolysis facilities face the same
problems associated with large scale cellulosic ethanol
plants. Small scale on-farm gasification is not redlistic
because the farm cannot use all the produced syngas gas,
and it is impractical to have an expensive syngas
reforming or fermentation system onsite. We conclude
that pyrolysis can be a very promising thermochemical
process for production of liquid fuels. Pyrolysis of
biomass is normally carried out in the absence of oxygen
a a temperature about 400-500 C . All biomass
components including lignin can be completely converted
while cellulosic ethanol technology can only convert
cellulose and hemicelluloses. Pyrolytic products include
bio-oils, pyrolytic gas, and charcoal. Commercia
pyrolysis facilities are very limited with just three North
American companies using pyrolysis to produce bio-oil
and other products™. They are Ensyn Technologyes, Inc.,
DynaMotive Energy Systems Corp., and Renewable Oil
International. Ensyn and DynaMotive have plants up and
running while Renewable Oil International is a small
startup company with experience in demo systems.
Current plant sizes are in the range of 45 to 100 tons per
day, which will require a huge supply of feedstock. A 100
ton per day plant costs about $5.6 million to build. A big
challenge for the Ensyn and DynaMotive systems is the
cleanup of the bio-oils and pyrolytic gas.

The microwave-assisted pyrolysis (MAP) under
development at the University of Minnesota™® is a
potential candidate for DBEPS. The key advantage of the

MAP process is that thermochemical reactions can take
place rapidly in large-sized biomass materials such as
woody biomass or cornstalks thanks to the nature of fast
internal heating by microwave energy. Therefore, very
fine feedstock grinding required by conventional
pyrolysis is not necessary for MAP, resulting in
substantial energy savings. Because there is no rigorous
agitation and fluidization during the process, the presence
of particlesin the vapor stream is minimal and, therefore,
the collected bio-oils and gas are very clean. Furthermore,
microwave is a mature technology and relatively
inexpensive and highly scalable. Researchers at the
University of Minnesota have developed a continuous
MAP pilot system (Figure 3 schematic). The pyrolytic
gas produced is used to generate the electricity to power
the MAP process. The condensation and distillation
devices are designed with recycling water or coolant to
minimize water usage in the process. A 0.5 ton/hour
system can be easily mounted on a trailer and moved to
different farms.

Non-condensable gas

Condenser

Feedstock

Microwave
generator

Power Char Bio-oil

generator

Figure3 Microwave Assisted Pyrolysis (MAP) System

A MAP scenario

We assume that a farm with 1,000 acres of corn crop
yields 3,000 tons of corn stover, with 50% collected as
feedstock. The farm purchases a small scale pyrolysis
facility with 0.75 ton/h capacity at $200,000, similar to
the cost of a combine harvester used for the corn crop.
The facility is expected to have at-least 10-year life time.
The facility will be run 8 hours/day and process 6
tons/day. Facility operation time is 250 days per year.
Pyrolysis of the feedstock yields 50% bio-oil, 20% char,
and 30% pyrolytic gas. The compositions and properties
of these products™ are similar to those produced by
other commercial pyrolytic processes™®. The bio-oil
price is estimated at $1/gallon based on the published #2
heating oil price in March 2007 4. The pyrolytic gas is
used to generate electricity and heat, which could provide
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al the éectricity needed for the pyrolysis process.
Additional €electricity is purchased to power periphera
equipment, such as the stover chopping system. The char,
which is believed to be an excellent low-release fertilizer
and soil conditioner™, may be sold at $50/ton. Table 1
shows an estimate of income and costs. The feedstock
cost is significantly lower than that for large ethanol or
pyrolysis plants, chiefly because of savings in
transportation. The $42,545 additional net income, based
on the conservative estimates, should certainly be
attractive number to many farmers seeking an enterprise
that utilizes their biomass and employs their labor.

Compared with current large-scale biomass energy
systems, DBEPS is more technologically feasible,
economically viable, and sustainable. The DBEPS offers
a valid near-term solution to the realistic utilization of
bulky biomass, and presents substantial opportunities for
greater economic benefits with the biomass energy
industry, and smaller-scaled distributed processing
facilities. The DBEPS should aso be particularly
attractive in developing countries where funds for
large-scale plants are scarce, technical management skills
are lacking, and the income generated is attractive in the
rural community.

Tablel Estimation of income and costs*

Items Quantity \;lil]lijte Amount
Revenue
Sale of Bio-ail (gal) 168,000 $1.00 $168,000
Sale of Char asfertilizer & liming (dry tons) 300 $50  $15,000
Total Sales $183,000
Costs
Feedstock (Dry Tons) 1500 $32.91 $49,365
Processing Labor (Hours) 1000 $12  $12,000
Pyrolysis Machinery Depreciation $30,000
Electricity Purchased $8,640
Consumables $9,150
Maintenance $10,000
Other Expenses $18,300
Transportation of Bio-oil to Market (ton) 750 $4.00 $3,000
Total Costs $140,455
Net Income $42,545

* Calculations are based on data from references " 114 16,

Conclusions

There is a tremendous interest in utilization of
cellulosic biomass feedstock for production of renewable
energy owing to the sharp food price increase.

Cellulosic ethanol has been the center of attention of
research and government investment. Our analysis shows
that current large scale cellulosic based energy systems
are facing technical and economic barriers, among which
is feedstock transportation. Development and
implementation of small scale conversion systems will
help overcome several magjor obstacles including high
capital costs, high technicality, and high feedstock related
costs. The microwave assisted pyrolysis is a highly
scalable conversion process that can be easly
implemented and operated on farms. Such distributed
biomass energy production system will provide extra
income of farmers and truly involve biomass feedstock
producers in the bio-economy, an important factor in
sustainable devel opment of renewable energy.

[References|

[1] USDOE/USDA. Biomass as Feedstock for a Bioenergy and
Bioproducts Industry: The Technical Feasibility of a Billion-
Ton Annual Supply. 2005 April 2005 [cited 04/07/ 2007];
Available from:  http://feedstockreview.ornl.  gov/pdf/
billion_ton_vision.pdf.

[2] Anon., Woodstock revisited, in Economist. 2007; p. 16-17.

[3] Anon., Lifeafter subsidies, in Economist. 2006; p. 60-61.

[4] USDOE. DOE Selects Five Ethanol Conversion Projects for
$23 Million in Federa Funding 2007 [cited 04/05/2007];
Available from: http://www.energy.gov/news/4896.htm.

[5] USDOE. DOE Selects Six Cellulosic Ethanol Plants for Up
to $385 Million in Federa Funding 2007 [cited 04/05/
2007]; Available from: http://www.energy.gov/ news/ 4827.
htm.

[6] Greer D. Creating cellulosic ethanol: Spinning straw to fuel.
Bio Cycle. 2005; 46 (4): 61-67.

[71 Perlack R D, Turhollow A F. Feedstock cost analysis of corn
stover residues for further processing. Energy. 2003; 28:
1395-1403.

[8] Wyman CE. What is (and isnot) vital to advancing cellulosic
ethanol. Trends in Biotechnology. 2007; 25 (4): 153-157.

[9] English B. The importance of user facility size and biomass
feedstock distribution in determining economic viability.
2003[cited 04/05/2007]; Available from: http://beag.ag.utk.
edu/summary/facility%20si ze%20economi c%20viability.pdf.

[10] Wooley R, Ruth M, Glassner D, Sheehan J. Process design
and costing of bioethanol technology: a tool for determining
the status and direction of research and development.
Biotechnol. Prog. 1999; 15: 794-803.

[11] Cole-Hill-Associates. Bio-o0il commerciaization plan.
Prepared for the New Hamshire Office of Energy and
Planning 2004 [cited 04/05/2007]; Available from:
http://www.bioenergypartners.com/NH-bio-oilcommercializat
ionplan.pdf.

[12] YuF, DengS, ChenP, LiuY, Wang Y, Olsen A, Kittelson D,
Ruan R, Physica and chemica properties of bio-oils from



68

August, 2008 Int JAgric & Biol Eng

Open Access at http://www.ijabe.org

Vol.1No.1

(13]

(14]

microwave pyrolysis of corn stovers. Applied Biochemistry
and Biotechnology. In Press, 2007. 1.

Tiffany D G Jordan B, Dietrich E, Vargo-Daggett B. Energy
and Chemicals from Native Grasses. Production,
Transportation and Processing Technologies Considered in
the Northern Great Plains. Department of Applied Economics,
University of Minnesota. 2006 [cited 04/05/2007]; Available
from: http://ageconsearch.umn.edu/  bitstream/  13838/1/
p06-11.pdf.

National-Energy-Information. Weekly Petroleum Status
Report: Data for Week Ended: March 30, 2007. 2007 [cited

(19]

(16]

04/05/2007]; Available from: http://www.eia.doe.gov/ pub/
oil_gas/petroleum/data_publications/weekly petroleum_statu
s _report/current/pdf/wpsrall.pdf.

Day D, Lee JW, Reicosky D C. Development of sustainable
fertilizer with positive local and global impacts. in American
Chemical Society. 2004.

PetroliaD R. The Economics of Harvesting and Transporting
Corn Stover for Conversion to Fuel Ethanol: A Case Study
for Minnesota. Department of Applied Economics, University
of Minnesota. 2006 [cited 04/05/2007]; Available from:
http://ageconsearch.umn.edu/bitstream/ 14213/1/p06-12.pdf.



