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Glass Aggregates

Glass aggregates are unstructured solids formed when the minerals found in various 
sludge effl uents are subjected to heat and subsequently melt. So how is this a product 
of biomass? A common effl uent used in this process is paper mill residue, and the 
minerals found in paper mill residue originate in the wood fi ber used in the pulping 
process. Once the aggregates are formed, they are ground into various sizes depend-
ing on their ultimate use: ceramic tile, roof shingle granules, asphalt paving, material 
for cement, and sandblasting media.

Anaerobic Digestion Effl uent

Anaerobic digestion effl uent is a mixture of solids and liquids expelled from the an-
aerobic digestion process. Much of it comes from livestock and poultry operations 
where animals are managed in relatively confi ned areas and animal waste is concen-
trated. While not as abundant, effl uent is also produced from the anaerobic digestion 
of woody biomass, which is 20 to 30 percent biosolids and comprised of nitrogen, 
potassium, and phosphorous. Effl uent can be used for composting, fertilizer, and 
bedding. 

Bedding Wood Shavings and Pellets

Bedding refers to any tangible material that goes into covering 
fl oors in animal husbandry structures such as horse stalls and 
poultry houses. It consists of anything from sand to wood chips 
and even plastics. People have used straw, wood shavings, and 
sawdust for ages and continue to do so in industries like eques-
trian sports, livestock shows, and traditional animal husbandry. 
These biomass products provide insulation and protection for 
animals as well as needs.

Another type of biomass bedding in production today is wood 
pellets. Wood pellets specially designed for bedding are a healthy 
and long-lasting alternative to shavings and straw. Using pellet 
bedding in horse stalls has the potential to reduce yearly labor 
costs and is quicker and easier to remove when cleaning the stalls 
compared to more traditional materials. The use of wood pellets 

for bedding also reduces stall waste and the breakdown of the used pellets is faster, 
making it more valuable as a soil amendment. 

Bioplastics

Renewable biomass resources such as starches, fatty acids, and vegetable oils can 
serve as sources for bioplastics. Biodegradable plastics—such as starch esters, cel-
lulose acetate blends, polylactide, and thermoplastic proteins are all derived from 
cellulose. Rayon, for example, is a fabric woven from fi bers of spun wood cellulose 
(Monroe, 2007). Cellulose is also processed and purifi ed into cellulose gum to thicken 
low-fat dressings, paint, and shampoo (Monroe, 2007). 

Ash

Ash is a byproduct produced when woody biomass s combusted. It comes from the 
minerals present in the wood and soil contamination. Properties of wood ash depend 

Figure 5: Pellets made from woody biomass. Photo by 

Sarah Ashton, Southern Regional Extension Forestry.
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on a variety of factors including the type of plant; part of the plant 
(bark, wood, or leaves); type of feedstock (wood, pulp, or paper 
residue); combination with other fuels; type of soil and climate; 
and conditions of conversion (e.g., combustion, gasifi cation, py-
rolysis). 

There are a number of uses for ash generated from wood. Wood 
ash stimulates microbial activities and mineralization in soil by im-
proving the soil’s physical and chemical properties. It is highly al-
kaline, so it is often used to raise the pH of acidic soils. In the U.S., 
wood ash applications are used as a source for potash production, 
as a liming agent, a source of nutrients, and as a tannin-neutraliz-
ing agent. It also neutralizes soil acidifi cation caused by acid depo-
sition and nutrient export caused when whole trees are harvested. 
Wood ash, because it is a direct source of phosphorous, calcium, 
magnesium, and potassium, is also used to correct nutrient defi ciencies. Wood ash is 
sometimes used to reduce the total carbon and nitrogen in a soil. When wood is co-
fi red with other fuels, however, the resulting ash cannot be used as wood ash.

3.5 BIOCHEMICALS

Steady advances in the production technology have made biobased chemicals a com-
petitive commodity. The use of biobased chemicals derived from biomass can allevi-
ate our dependency on high-cost, crude oil-based chemicals by providing a renewable 
alternative. 

Acids

Acids are a vital component of many industrial products and processes including 
the production of food preservatives and plastics. Increasing the feedstock for the 
production of acids is necessary for the U.S. to stay economically competitive in the 
global market. Acetic acid, fatty acid, itaconic acid, lactic acid, and succinic acid can 
all be recovered from forest residues.

Specialty Chemicals

Specialty chemicals also play an important role in the U.S. econo-
my. Currently, organic chemicals are made primarily from petro-
leum and used for the production of paints, solvents, fi bers, phar-
maceuticals, and plastics. There is a growing market for specialty 
chemicals made from woody biomass, including ethylene, enzymes, 
PDO, 3-HP, biobased fuel gas, syngas, butanol, and glycerin.

Oils

Raw liquefaction oil is a free-fl owing dark liquid produced by a 
thermochemical conversion process called liquefaction. It is easily 
stored and transported. Some light liquefaction oils are even used 
as refi ned biodiesel. Some chemical components of liquefaction 
oil are used as solvents, which can then be found in paint remover 
and nylon, used as additives to rubber and waxes, and used in the 
manufacturing of explosives and jet fuel to increase octane (the 
quality of fuel). 

Figure 6: Ash remnants from burning woody biomass. 
Photo courtesy of D. E. Wieprecht, USGS.

Figure 7: Bio-oil liquid can be used in fuel applications in ad-
dition to extracting useful chemical compounds. Photo courtesy 

of Warren Gretz, National Renewable Energy Laboratory.
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Pyrolytic bio-oil is a complex, combustible mixture produced by pyrolysis, the break-
down of biomass at high temperatures in the absence of oxygen. Pyrolytic bio-oil 
or biocrude is marketed as a free-fl owing, dark brown liquid that can be stored and 
transported easily. It has been used commercially for industrial heat since the early 
1930s and is currently being tested as a fuel for diesel transportation and stationary 
turbine and diesel power. Extracted additives from pyrolyticbio-oil produced in a fast 
pyrolysis process are used to infuse ”smoked”, “roasted”, or “grilled” fl avors in food. 

3.6 CARBON

In addition to the tangible goods derived from woody biomass, there are also impor-
tant ecological services. One such service is carbon sequestration. 

Carbon cycles continuously through all plants and animals, soils, oceans, and the at-
mosphere (Diagram 1). This cycle results in a natural balance of carbon dioxide levels. 
Carbon is a major component of all living organisms. Humans and animals get carbon 
from food. Green plants absorb carbon from the atmosphere during photosynthesis. 
As plants and animals grow, they store and release carbon. As they decompose, they 
also release carbon. Tree growth and wood decomposition represents a short-term 
carbon cycle, where growing trees convert carbon dioxide to cellulose and decom-
position releases the carbon back into the atmosphere. Whether trees naturally de-
compose or are burned, carbon combines with oxygen and is emitted back into the 
atmosphere, replacing the carbon dioxide that was recently sequestered. When fossil 
fuels are burned, on the other hand, they release carbon that has been stored for mil-
lions of years back into the atmosphere.

Internationally, some governments, in an effort to reduce carbon emissions, have set 
carbon emission cap-and-trade policies, which set a total allowable carbon dioxide 
emission or “cap,” and thereby establish a market value or price for carbon. If an in-
dustry or utility emits more carbon than allowed, it has a choice: reduce carbon emis-
sions or purchase carbon credits from a seller. A seller is a person or entity that, by 
some action, is producing fewer carbon emissions than allowed by the cap or else is 
sequestering carbon. Adoption of some form of carbon trading or regulation within 
the U.S. has been an increasing discussion by Congress and the President and his ad-
ministration.

Working forests sequester a signifi cant amount of carbon. Young stands absorb 2 to 9 
tons of carbon dioxide a year as they grow; although older stands store more carbon 
overall, they sequester less because of reduced growth rates and higher respiratory 
losses (Birdsey, 1996). In all, U.S. forests sequester between 200 and 280 million met-
ric tons (a metric ton is 2,200 lbs) of carbon each year, offsetting approximately 12 
percent of U.S. greenhouse gas emissions (Birdsey and Health, 1995 and Murray et 
al., 1995). By owning and managing forests, landowners may qualify as carbon credit 
holders. Carbon credit programs and a carbon market are still in their infancy, but at 
some point, there may be a signifi cant value landowners can capture.

Carbon sequestration refers to the condition of long-term storage of carbon in 
the terrestrial biosphere, underground, or the oceans to help slow or reduce 

the buildup of carbon dioxide.
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3.7 SUMMARY AND CONCLUSION

Research and development have created technologies to replace many petrochemi-
cally derived products with products derived from biomass. Scientists and engineers 
also continue to make progress in the development of processes that reduce the real 
cost of converting plant matter into value-added products. At the same time, environ-
mental concerns and legislation are intensifying the interest in agricultural and for-
estry resources as renewable feedstocks. Sustained growth of this developing industry 
will depend on new market development and the cost competiveness of bioenergy and 
biobased industrial products.

This chapter was adapted from the following sources and used with permission.

Oxarart, A. and M. C. Monroe. 2007. Climate change and carbon. In Wood to energy 
outreach program: Biomass ambassador guide, eds. M. C. Monroe, L. W. McDonell, and A. 
Oxarart. Gainesville, FL: Florida Cooperative Extension Service, Circa 1526, Univer-
sity of Florida.

Badger, P. and M. C. Monroe. 2007. Heat and power applications. In Wood to energy 
outreach program: Biomass ambassador guide, eds. M. C. Monroe, L. W. McDonell, and A. 
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Diagram 1: Carbon cycle. Illustration adapted by Camilla Geniatulina.
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