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WSU Agricultural Research Center: 
Feed the World, Power the Planet

For generations, America’s agricultural industry has been challenged to increase production 
“to feed the world.” Today, agriculture is being called upon not only to continue feeding 
the world, but also to help power the planet with new petroleum-replacing products 
and sources of energy. Scientists in the Washington State University (WSU) Agricultural 
Research Center (ARC), focused on both agriculture and forestry, are actively working to 
bring the benefits of the emerging bioeconomy to Washington with world-class research 
and innovation. 

The principles are simple. Plants capture the abundant energy of the sun and store it in 
their seeds, stalks, branches, and roots. Animals consume plants, partially use the energy 
they contain, but leave a lot behind. Add humans to the mix, and you end up with large 
quantities of what scientists see as energetically valuable materials but most people call 
waste products, from lawns, gardens, paper, and cardboard. The issue? How to extract and 
use that stored energy in ways that preserve the environment, pump the economy, and 
decrease dependence on foreign oil.

WSU scientists are exploring ways to address the issue by converting plant components 
and waste from animals, food, and wood-processing operations into fuels, electricity, and 
other useful bioproducts. The new, environmentally beneficial and sustainable bioproducts, 
biofuels, and bioenergy industries that result are becoming important sources of jobs and 
economic development for Washington State, the nation, and the world.

Here are just a few highlights of the research internationally recognized faculty scientists 
in WSU’s ARC are conducting. In partnership with faculty members from across the 
university and federal scientists from the USDA Agricultural Research Service (ARS) and the 
Department of Energy’s national laboratories, they are working to meet the research needs 
of the emerging biofuel and bioproducts industries. The national Biomass Research and 
Development Initiative’s Roadmap for Bioenergy and Biobased Products in the United 
States is the guide for this journey; energy independence is the destination.

http://www.brdisolutions.com/Site%20Docs/Roadmap/OBP_roadmapv2_web.pdf
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Laying the Foundation for Change 

In response to a February 2007 executive order by Gov. Christine Gregoire to drastically 
reduce state fossil fuel emissions and move toward energy independence, WSU scientists 
and Washington State Departments of Agriculture; Ecology; and Community, Trade, and 
Economic Development are conducting research leading to new plants that can be used for 
fuels and bioproducts. These researchers are exploring fundamental plant characteristics 
at the genetic level as well as alternative plants from across the globe to identify those 
most economically and environmentally suited for Washington. They also are examining 
agronomic best management practices and ways to protect plants from disease, insects, 
weeds, and weather.

Economically speaking 

Jonathan Yoder, a natural resource economist in the WSU School of Economic 
Sciences, and 16 others in the ARC, the College of Agricultural, Human, and 

Natural Resource Sciences and WSU Extension are assessing Washington biofuel 
markets and their potential development and will make recommendations to 
state lawmakers about which policies will best promote in-state production 
of biofuels. “We are looking at how to increase both public and private 
investment in biofuels and how to assist in the development of feedstocks, 
the raw materials for biofuels,” Yoder said. 

The costs to produce feedstocks and biofuel in Washington are still high 
compared to other regions and traditional fuel types, according to Yoder. 

“The reason is twofold,” he said. “First, the regional climate and high 
production costs restrict the production of corn for ethanol in Washington, 

and farmers understand they can be more successful growing something 
else. Second, technology is improving but is not yet able to support the type 
of biofuel production that Washington has a comparative advantage at.”

The research team is considering policies that will provide incentives for technology 
to develop toward the most environmentally friendly fuel types. After the team makes 
recommendations to lawmakers, the policies they choose to implement will affect people 
across Washington, including fuel consumers and agricultural producers. 

“Hopefully, policies that promote production of feedstocks will encourage a larger set of 
crop types grown in the state and create a more diverse agriculture industry and help 
reduce the long-term environmental impacts of energy use,” he continued. 

The work of Kate Painter, sustainable systems analyst for WSU’s Center for Sustaining 
Agriculture and Natural Resources, provides foundational information for Yoder’s study. 
She analyzed the economics of a variety of oilseed crops in multiple regions of the state, 
outlining the pros and cons of producing potential biofuel crops such as corn, canola, 
soybeans, camelina, and mustard. Her study showed that:

Jonathan Yoder



3

•	 The	cool	maritime	climate	of	western	Washington	is	promising	for	canola	growth,	
but production costs are higher there, land is less available, and there is a risk of 
cross-pollination issues with other local crops.

•		 Camelina	is	a	consistent	performer	for	eastern	Washington,	and	although	current	
prices are relatively low, the market is expected to grow as the plant gains approval 
for use in human and animal consumption.

•		 Mustard	is	a	more	consistent	crop	than	canola,	but	yields	and	prices	are	typically	
lower.

Breaking down biological barriers

A primary barrier to using any woody plant in the development of cellulosic ethanol 
and other bioproducts is their fundamental chemical construction. WSU Regents 

Professor Norman G. Lewis, director of 
the Institute of Biological Chemistry 
and an ARC scientist, is focusing 
on how to break down those 
biological barriers to make ethanol 
production easier and more cost-
effective.

A major emphasis of Lewis’ 
research involves determining how 
plants form the structural lignins 
in their vascular apparatus (akin to 
the human skeleton). While lignins 
help give plants and trees structural 
rigidity, they must be broken down 
or eliminated in order for lignocelluloses to be 
used for production of papers, fuel, and other 
bioproducts.

The Lewis group reported a breakthrough 
technology in early 2007 that was featured on 
the cover of the June 2007 American Journal of 
Botany. They designed experiments to reduce the 
lignin content in plants by nearly two-thirds but 
still maintain the requisite structural properties 
for growth, development, and harvesting. “We 

Norman Lewis

Lewis and graduate students reviewing their work
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envision that manipulating structural properties of plants in ways such as this will aid in 
the production of biofuels such as ethanol,” Lewis said.

Lewis is providing his expertise to one of the three new bioenergy centers recently funded 
by the U.S. Department of Energy for $25 million each for the next five years.

Feedstock System Development

Biomass beginning

Knowing where you are is the best place to begin any journey. To determine that starting 
point, WSU Professor Shulin Chen and research associate Craig Frear, both based in 
the Department of Biological Systems Engineering, worked with the Washington State 
Department of Ecology to develop a comprehensive inventory of biomass produced in the 
state and analyze the conversion technologies necessary to use it for energy production. 
The project includes four parts: 1) characterizing 42 feedstocks according to their chemical 
properties such as carbon, protein, and fiber; 2) identifying and grouping the feedstocks; 
3) simulating the potential conversion processes such as thermal-chemical conversion, 
anaerobic digestion, and ethanol production on individual feedstock or their combinations; 
and 4) economic analysis of the processes from feedstock collection and distribution to 

LEFT: Shulin Chen and his team with the anaerobic digester

BELOW: John Browse and a student examining plants used for 
lipid research
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energy production. The inventory, published in June 2007, can be found at http://www.ecy.
wa.gov/biblio/0707025.html.

Lovely lipids

Understanding the fundamentals of how plants grow is enabling Regents Professor John 
Browse, a researcher in the WSU Institute for Biological Chemistry, to double the yield of 
derivative lipids (fats) in plant oils. Browse and his team’s identification and cloning of 
the related desaturase gene in Arabidopsis, an easy-to-grow plant with a fully-sequenced 
genome, led to the bioengineering of other plants to produce more sustainable alternatives 
to fossil fuels and petrochemicals—i.e., biodiesel and precursors to biodegradable plastics 
and resins.

Bulking up yields

Crops on steroids could be a source of biofuels and other bioproducts in the future.

Michael	Neff,	assistant	professor	of	crop	biotechnology	in	the	Department	of	Crop	and	
Soil Sciences, is studying how plants regulate their own steroid hormone levels. His work 
has the potential to dramatically increase yields in a variety of crop plants, including those 
used for biofuels and bioproducts.

“One of our long-term goals is to understand the biology of how particular enzymes 
inactivate growth-promoting hormones in crop plants to manipulate their size and stature 
and increase yields,” said Neff.

Neff is using Arabidopsis to better understand how plants, in general, use light as a source 
of information, and how the signaling pathways activated by light interact with plant 
hormone pathways to influence plant height and heft.

“These brassinosteroids have the potential to increase yield in crop plants because they 
have the same structure in all plants,” Neff said. “If we identify an enzyme that inactivates 
the steroid, we can target that enzyme, remove it, and allow the increased steroid levels to 
help the plant bulk up in size.”

Neff noted the groundbreaking work of the late WSU and USDA-ARS wheat researcher 
Orville A. Vogel, who was acknowledged as a leader in the Green Revolution of the 1960s. 
“One reason Dr. Vogel’s semi-dwarf variety was so important was that it minimized lodging 
(plants tipping over in response to heavy wind or rain), which increased yields… Our work 
may increase yield per acre or yield per individual plant by manipulating levels of the 
plant’s natural growth hormone.”

What about wheat?

Like most wheat breeders, Kulvinder Gill, WSU’s O.A. Vogel Endowed Chair in Wheat 
Breeding and Genetics, is interested in increasing crop yields. But another one of his goals 
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is to increase the yield of ethanol from wheat straw. The maximum proportion of 
straw that can now be converted into ethanol is half. “Fifty percent still goes 
to waste,” Gill said. “We think we can improve recovery by changing gene 
composition.”

It took Gill about four years to collect samples of the wheat lines from every 
major wheat breeding program in the world, some 800 in all, going back to 
varieties released in the 1950s. To test his hypothesis that lines vary in ethanol 
yield according to their straw composition, Gill is analyzing the lignin and 
cellulose content of each line so he can group them by high cellulose, low 
cellulose, high lignin, and low lignin content. From each of those classes, he will 
take representative samples and produce ethanol to identify any differences. 

Gill says that once he identifies a wheat line with the right composition of 
cellulose and lignins, those genes can be transferred to the best Northwest 
varieties—a process that would take just two years. 

Feeding biofuels production

More	 than	 30	 WSU	 and	 USDA	 scientists	 across	
Washington State also are evaluating a number of 
other crops that could feed biofuels production 
here and fit within the traditional rotation. The 
project, lead by Bill Pan, chair of the Department 
of Crop and Soil Sciences, and Chad Kruger, Center 
for Sustaining Agriculture and Natural Resources, 
focuses on crop adaptation and productivity in 
four major growing regions of Washington to 
improve their economic and environmental 
sustainability. 

In eastern Washington, researchers are studying 
canola, mustard, and camelina oilseeds for their 
ability to germinate, establish, and flourish in dry 
soils, during harsh winters, and among diseases, 
insects, and weeds, as well as integrate into the 
wheat-barley-legume and wheat-fallow rotations 
of the region. Other candidates include sunflower, 
flax, linola, safflower, and lupine.  

Kulvinder Gill

Steve Fransen
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Irrigation water in the basins of central Washington reduces problems with oilseed crop 
establishment, but significant adoption is dependent on their economic competitiveness 
with local high-value crops. Scientists here are defining the management requirements 
and productivity of canola, camelina, sunflower, flax, safflower, and soybean oilseeds 
under irrigation. Growing peanuts is another possibility for this region.  

In western Washington, organic canola production is under investigation for its potential 
demand from organic dairy producers and potential threat to the integrity of brassica seed 
production.

Columbia Basin scientists are testing switchgrass and giant reed for converting cellulose to 
ethanol. In addition, crop straw residues from perennial and annual wheats will potentially 
provide cellulosic biomass sources, but a harvest method is needed that won’t degrade soil 
quality.

Once the bottom-line farm economics of these alternatives are assessed, the research 
findings will be conveyed to growers, the biofuel industry, and government agencies. Field 
tours and WSU Extension materials are also forthcoming.  

The beet goes on?

Sugar beet production in Washington State has a varied history. Currently, little occurs in 
the state, but given their high sugar content, researchers are expressing renewed interest 
in using sugar beets as a feedstock to support the ethanol industry in Washington State. 
Jonathan Yoder is leading a team of WSU ARC researchers to examine the potential of ethanol 
production from sugar beets in the state in terms of regional and agronomic adaptability, 
economic viability, and the opportunities and constraints of market development under 
current and potential market conditions.

Making poplars popular

Another feedstock possibility is poplar 
wood, which WSU researcher Jon 
Johnson, in collaboration with private 
industry partners, is assessing for 
the production of ethanol. Johnson, 
based at the WSU Puyallup Research 
and Extension Center, is partnering 
with GreenWood Resources, a hybrid 
poplar company headquartered in 
Portland, Ore., and ZeaChem, a 

Giant reed as a  
cellulosic biomass source
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biorefinery technology company based in San Francisco, Calif., for plantings throughout 
the western U.S., Chile, and China. GreenWood has developed and patented a conversion 
process for ethanol production, while ZeaChem specializes in using such innovative 
processes to make renewable cellulosic ethanol economically viable. 

The challenge Johnson and his collaborators face is in evaluating the quality of the 
feedstock from an ethanol producer’s perspective. “The problem with most studies is that 
they investigate either the production side or the conversion side of the process. What 
we’re doing is bringing those two aspects together,” Johnson said. 

The following are some of the most encouraging economic, environmental, and agricultural 
advantages of poplars that Johnson has identified:

•	 Since	poplars	are	a	perennial	tree,	their	feedstock	can	be	“stored	on	the	stump.”

•	 Poplars	are	cheap	to	grow,	having	low	input	costs,	few	tillage	requirements,	and	
little to no need for fertilization.

•	 Poplar	productivity	can	be	maximized	for	a	particular	region	and	climate	through	
breeding.

•	 Poplars	are	the	fastest	growing	temperate-region	tree	in	the	world	and	are	widely	
adapted to grow in many soils and 
climates.

•	 Since	 poplars	 grow	 well	 on	 marginal	
land, they don’t take up valuable food-
producing agricultural land.

•	 Poplars	 sequester	 carbon	 in	 soil,	
remove excess nutrients from soil and 
water, and provide food and shelter for 
animals. 

Johnson figures that a 950-acre poplar farm 
could yield enough biomass to produce a 
million gallons of ethanol every year. 

Processing and Conversion

Other teams at the WSU ARC are developing 
new microbiological and thermochemical 
processing technologies for converting plant 
material and animal wastes into valuable 
bioproducts. One vision guiding their work is 
that of an integrated biorefinery that combines 
existing technology with biochemical and 
thermochemical conversion technologies. 
With the biochemical platform producing 

Poplar trees as an environmentally-friendly 
and economical source of ethanol
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mixed sugars, lignins, and residue from biomass and thermochemical processes producing 
conditioned gas, and oils, the end results could include new fuels, chemicals, materials, 
heat, and power.

A cellulosic solution

The western United States has one of the most diverse cellulosic feedstocks in the country. 
An important impediment to a successful ethanol biorefinery is the availability of the 
technologies that will allow use of those feedstocks. WSU’s Bioprocessing and Bioproducts 
Group (BBG) is the leading research program in the state focused on advancing the science 
and technologies for converting biomass into bioproducts and bioenergy. Using a systems 
approach, BBG scientist Shulin Chen conducts research in the areas of anaerobic digestion, 
cellulosic ethanol, biochemicals, and nutraceuticals. The group consists of 13 research 
scientists and eight doctoral students working in a variety of world-class laboratories 
equipped with cutting-edge tools.

Innovation and uniqueness are key to the BBG research program. Their core technical 
competencies include:

•	 Cell	factory	design	and	optimization

•	 Innovative	 reactor	 and	 process-maximizing	 biocatalyst	 biomass,	 design,	 and	
optimization

•	 Process	modeling	and	system	integration

Partnering with biofuel producers, Chen and his BBG are targeting research to develop a 
distributed cellulosic ethanol system as well as ethanol wastewater and residue treatments 
through anaerobic digestion using the resulting biogas as an energy source for operating 
ethanol plants.

Anaerobic digestion

Methane	 is	 another	 byproduct	 of	 anaerobic	 digestion	 of	 wastes	 that	 can	 be	 burned	 to	
generate	electricity,	heat,	or	even	used	as	a	fuel.	Methane	produced	by	anaerobic	digestion	
is a renewable energy resource, and anaerobic digestion removes methane from the 
atmosphere as greenhouse gas emission.
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Chen is teaming up with another group of WSU researchers and industrial and 
governmental partners to overcome some of the commercial, scientific, and technological 
hurdles blocking widespread adoption of anaerobic digestion technology. 

Since 2002, Chen’s multidisciplinary research team, housed primarily in the WSU 
Department of Biological Systems Engineering, has focused on improving anaerobic 
digestion performance and lowering the costs to digest animal manures and municipal 
solid wastes. Their strategy is to create a new generation of technologies to digest slurry, 
high solids content animal manures, and municipal solid wastes at dedicated anaerobic 
digestion laboratories and the WSU Dairy Center. 

Chen’s team is also conducting biological studies to find improved bacteria strains or 
consortia of strains and ways to produce bacterial granulation and retention for anaerobic 
digestion; chemical studies on the recovery of high value products from the available 
nitrogen, phosphorous, and fiber components of manure; and engineering research that 
combines all of the lessons learned into more efficient, higher-rate reactors to reduce overall 
processing and capital costs and enhance biogas and value-added product production.

Research moved from the laboratory to the field in 2005 when scientists partnered with 
the VanderHaak Dairy in Lynden, Wash., to demonstrate and evaluate the first anaerobic 
digester system employed by a commercial dairy in Washington. The 1,000-cow herd 
generated 200 kW of electricity, enough to power 100–200 American houses. 

Another	member	of	Chen’s	team,	Craig	MacConnell,	WSU	Whatcom	County	Extension	
director, has turned a problematic byproduct into a money-making, nature-friendly 
growing medium. His peat moss-like substrate made from cow manure is increasing 
revenues for cash-strapped farmers, reducing climate-changing gases, and protecting 
fragile ecosystems.

Craig MacConnell
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Bacteria break down waste, build bioplastics

The same type of bacteria that help break down paper mill waste could also become a 
viable source of environmentally friendly biopolymers that can be used to make bioplastics, 
glues, and composite building materials.

WSU	ARC	scientist	Jinwen	Zhang	and	Professor	Mike	Wolcott,	both	faculty	members	in	
the Department of Civil and Environmental Engineering, focus on naturally occurring 
bacteria that produce and store polyhydroxyalkanoates, or PHAs, which are chain-like 
molecules called polymers found in plastics, glues, wood, plants, and even mussel shells. 
“Polymers are what bind the fibers together in wood or plants or plastics,” Wolcott 
explained. “Until now, the plastics we’ve been using have been petroleum-based. We could 
reduce our dependence on international oil if we could make the way we produce PHAs 
more cost-effective and find new uses for a less pure version of them.”

Firms in the U.S., China, and Brazil have commercially produced PHAs using fermentation 
techniques for many years. But, Wolcott said, the current process is expensive financially 
and environmentally. Wolcott’s research group is attacking both challenges by exploiting 
the fact that the same type of bacteria grown commercially for PHAs are used in the water 
reuse sites of paper mills to convert phosphates into phosphorous.

“The production of PHAs by those bacteria has been fairly low,” Wolcott explained. “One 
challenge is to find the right environmental conditions at the wastewater treatment site to 
enhance production… We are trying to get these guys as fat as possible. By regulating the 
treatment process, we can substantially increase the amount of PHA produced, in addition 

VanderHaak Dairy, home of the first anaerobic digester system used by a commercial dairy 
in Washington.
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to reducing the phosphates to a very low level.”

Wolcott also developed composite materials that can utilize a simple centrifuge process for 
extracting PHA into a crude form. This physical process is much less expensive and less 
damaging to the environment than the chemical extraction currently used.

Put the heat on

One way to replace dependence on fossil fuels is to replicate the heat and pressure-based 
process	that	helped	create	the	world’s	petroleum	stores	in	the	first	place.	Manuel	Garcia-
Pérez, a new professor in WSU’s Department of Biological Systems Engineering, focuses 
his research on thermochemical transformation of biomass into syngas and pyrolosis oil 
that can be refined into a variety of petroleum-replacing products, including fuel. Together 
with Su Ha, a professor of chemical engineering who works on improved catalysts, this 
team complements Chen and his team’s efforts toward biological conversion for use in 
integrated biorefineries.

From culls to cows

Chen also is developing a process to convert cull potatoes and potato waste into omega-
3-enhanced milk, potentially establishing milk as an alternative source of omega-3 fatty 
acids for consumers and offering farmers the opportunity to profit from a value-added 
product while reducing their losses from an undervalued one. 

Using potato starch from the culls, Chen’s process produces algae that researchers can 
use as a feed additive for dairy cows. Through natural processes, cows can extract the 
omega-3 fatty acids and excrete it in their milk, resulting in dairy products with increased 

A student and  
Mike Wolcott 

examinining different 
wood plastics.
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nutritional characteristics. Additional benefits are eliminating thousands of tons of cull 
potatoes from the waste stream and increased profits for both potato farmers and dairy 
producers. 

The effect on both the Washington potato and dairy industries could be significant. 
Washington State grows 165,000 acres of potatoes, with harvesting averages of 30 tons per 
acre. Ten percent of this total, or three tons per acre, is too small to be used in processed 
potato products, which until now meant losses of at least $55 per ton. 

Transportation, Storage, and Distribution Infrastructure

From field to final consumption, the economic feasibility and sustainability of 
alternative fuels is enhanced, and in some cases, even determined by the transportation 
infrastructure—roads, warehouses, rail—and accompanying economies. WSU Professors 
Ken Casavant and Eric Jessup focus their research in the School of Economic Sciences on 
the transportation and logistics of delivering biofuels and other bioproducts to consumers. 
“That is the underlying key through which each of the segments of the supply chain 
system is connected and a sustainable industry is achieved,” said Casavant. 

Casavant noted that where and how much it costs to store and transport the raw beginnings 
of bioproducts could be the “deal breaker” in determining ultimate economic feasibility, 
especially for some feedstock. “If available, it is the internal economies of size and scale and 
the external economies of market density and agglomeration that will help to shape the 
system into the most cost-efficient, feasible, and sustainable biofuels system for the future,” 
Casavant said. 

Cull potatoes as a source of enhanced nutrition for dairy cows and dairy products
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End-Use Markets

Converting wastes to fertilizer

Biosolids, the stabilized solids from municipal wastewater treatment meeting federal 
standards for land application, are an excellent source of plant nutrients. But growers need 
to know how to apply them, how much to use, and how they’ll perform. To fill in these 
blanks, WSU soil scientist Craig Cogger and colleagues at the WSU Puyallup Research and 
Extension	Center,	Northwest	Biosolids	Management	Association,	and	other	organizations	
across the country have studied the issues involved for the past 15 years.

After conducting field tests and laboratory studies on 25 types of biosolids from different 
sources and types of processing, Cogger and his associates found little variation in how the 
biosolids performed other than a faster release of nutrients in warmer climates. As a result 
of this research, growers now have national guidelines based on nutrient availability and 
maps to help them determine appropriate levels of biosolid application in their areas.

Cogger’s team also focused on nutrient availability from biosolids for growing wheat. A 
number of municipalities in eastern Washington now use their biosolids to fertilize their 
dryland wheat crops. In Douglas County alone, more than 20,000 acres were fertilized 
with biosolids in the last four years, and demand from growers is outstripping supply. The 
team is also researching applications to hard wheat varieties.

Working with the city of Tacoma and scientists at the WSU Puyallup Research and 
Extension Center, the team helped develop an effective biosolids-based greenhouse 
potting	medium	called	Tagro	Potting	Mix	that	the	city	sells	at	local	nurseries,	along	with	
a biosolids mulch.

Professor Marie Laborie and a 
student working on spinning 

straw into fiber board



15

Currently the team is evaluating locally produced biosolid formulas for use as a turf 
fertilizer, including high-end applications such as golf courses.

Phosphorous: From problem to profitable product

In the right proportion, phosphorous is a rich and valuable soil nutrient. But as a byproduct 
of nearly a quarter million Washington cows, it is a thorny environmental challenge, 
especially in terms of water quality.

Joe Harrison, professor and nutrient management specialist at the WSU Puyallup Research 
and Extension Center, is working closely with Washington dairy owners not only to find 
a solution to the nutrient run-off problem, but also to turn that manure into money. He 
is perfecting a technology that extracts the phosphorous in dairy manure and converts it 
into a dry, commercially saleable fertilizer. Called “struvite,” the product helps eliminate 
the expense of manure disposal, preserves the quality of groundwater on and around 
dairies, and provides dairy farmers with an extra source of income.

Harrison	 also	 is	 project	 director	 for	 the	 National	 Feed	 Management	 Education	 Project,	
which is funded with a grant from the U.S. Natural Resources Conservation Service. 
“The goal of the education project is to help producers adopt feed management practices 
that keep farms from accumulating excess nutrients and losing those nutrients to the 
environment,” Harrison explained. “An ideal situation would be that everything a farmer 
imports onto his farm in the way of feed, fertilizer, and other inputs balances with what 
he exports.” 

Joe Harrison
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For example, if 25 percent of the phosphorous a cow eats in the form of dairy cattle feed is 
exported in the form of milk products, the farmer still has 75 percent of that phosphorous 
to manage. If the farmer has enough land, the phosphorus in manure could all be used 
to fertilize crops. If enough land is not available, then exporting nutrients from manure 
should be considered. “Our primary goal is protecting water quality on and around the 
farm,” Harrison said.

Biodegradable food utensils

Besides his work on bioplastics, Jinwen Zhang also is trying to improve the negative 
impact plastic food utensils and other household items have on the environment. Using 
the	WSU	Wood	Materials	and	Engineering	Laboratory,	Zhang	creates	composites	out	of	
natural fibers like bamboo and soy meal, which are then paired with plastic to create 
biodegradable products.

“Traditionally, plastic utensils have been made out of petroleum,” Zhang said, “but when 
we	dispose	of	them,	it	is	damaging	to	the	environment.	My	research	focuses	on	ways	to	
incorporate natural wastes into products that are non-toxic when put into a landfill.”

For example, Zhang is creating a prototype that uses bamboo fiber and PHA composites—
thermoplastics derived from cornstarch—that will eventually create a more durable 
product. “By adding the fiber, the plastic product becomes stronger, allowing for a longer 
service life,” Zhang said. 

Zhang also has an interest in using local agriculture to assist with the development of 
composites. “I am working on a new proposal that would use Washington wheat and 
potato wastes to produce a biopolymer,” he said. “Currently, I use cornstarch as a feedstock, 
but it would be more beneficial to the local economy if leftover potato and wheat crops 
were used.”  
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