


Above: Bowers built this crystallizer pilot plant 
at Werkhoven Dairy to treat about 50,000 gallons 
per day. Left: In its crystallized form, struvite 
has a similar consistency to that of wet sand. 
Ornamental and turf growers apply struvite as a 
slow-release source of magnesium.

phorus and calcium. The treated ma-
nure is pumped into the bottom of 
a 15-foot-tall cone along with a solu-
tion of weak caustic soda or anhy-
drous ammonia. The mixture pushes 
up through a bed of struvite crystals, 
which separate and flow as if they, 
too, were a fluid—which is why the 
system is called a fluidized-bed pro-
cess. Meanwhile, the abrupt rise in pH 
causes the newly freed phosphorus 
atoms to bond to the jostling struvite 
seed crystals, coating them. As the 
crystal bed grows, most is harvested, 

with a little left in the cone to serve  
as seed crystals for the next batch. 

The new crystals feel like wet sand, 
and dry in about 30 minutes on a  
nice day, Bowers says. Treated manure 
is pumped off to the irrigation system 
for land application.

Bowers is designing the system to 
be quick and simple. A farm’s hired 
hand could handle day-to-day op-
erations—checking chemical levels, 
pouring the day’s struvite into a filter 
bag—while Bowers’ company would 
regularly drop off the inputs, pick up 
the struvite to sell as fertilizer, and 
maintain the machinery.

Dairy challenges. Dairy manure 
presents key challenges, Bowers says. 

Cows’ ability to digest cellulose 
yields manure with a lot of residual 
cellulose and cellulose derivatives—
the same sorts of ingredients that are 
used to thicken food and paint. Vis-
cous manure can interfere with the 
fluidized action of the struvite bed.

Cows also eat a lot of calcium, which 
forms tight bonds with phosphorus. In 
Bowers’ dairy system, those calcium-
phosphorus bonds must be broken 
with acid treatment, a step he can skip 
when he works with hog manure.

To prevent acidosis of the rumen, 
cows are fed a buffer of bicarbonate 
of soda, Bowers adds. His chemical 
treatment of the manure requires sig-
nificant changes in pH, so manag-
ing dairy manure means fighting that 
buffer with more chemicals.

On the plus side, dairy cattle in the 
Northwest tend to eat a lot of mag-
nesium, a key ingredient in struvite. 
That means Bowers hasn’t had to add 
magnesium—a costly input—to the 
manure blend in his dairy pilot plant.

Digested waste. The Werkhovens 
recently installed a 200-foot by 80-
foot methane digester on their dairy, 
giving Bowers a chance to test his 
system on a very different quality of 
manure—the low-solids digestate.

Digestion converts more phospho-
rus to the extractable form, he ex-
plains, “so we might be able to punch 
through the 50% ceiling—to have the 
potential for getting a higher percent-
age of the total phosphorus removed.”

Digesters also serve as manure ac-
cumulators, Bowers adds: “You can 
get economies of scale because you 
can have more than one dairy, or one 
big dairy, feeding into the digester.”

ltimately, it’s all about economics. 
“We’ve got to be very diligent in 
making sure any technology is 
affordable,” says Westerbeek.
 Bowers’ prototype was funded 

by the U.S. Department of Agricul-
ture’s Small Business Innovation Re-
search (SBIR) program to fine-tune 
and demonstrate the economic feasi-
bility of the crystallizer system.

He figures capital costs will run 
$150,000—over 10 years, that’s 4 cents 
per cow per day, on a 1,000-head 
dairy—and he’s targeted chemical 
costs of 15 cents per cow per day, or 
less than 1.5 cents per hog per day.

As phosphorus becomes increasing-
ly scrutinized, that could be money 
well-spent, says Andy Werkhoven.

“We don’t really have a nutrient 
management issue yet, but we’d like 
to grow the dairy,” he says. “In an 
urban environment like ours, close to 
Seattle, odor control, nutrient manage-
ment, and anything we can do to be 
environmentally friendly is key.” �m
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