“It isn’t the pollution that’s harming the
environment, it’s the impurities in our air
and water that are doing it.”
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Former Vice President Dan Quayle
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Anaerobic digestion, nutrient recovery,
biogas...

Improving public health...and bottom
lines?




NITRATES...

Defined by the SDWA as an “Acute contaminant “

Causes methemoglobinemia (“blue baby syndrome”)
which can be fatal in infants

Some studies show cancer association in adults, birth
defects

Highly mobile in groundwater

Maximum Contaminant Level (MCL) for nitrates in
drinking water = 10mg/I

Documented cases of methemoglobinemia
— One in Yakima County
— Five in Benton County






that’s not going away
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Lower Yakima Valley




Lower Yakima Valley

Yakima County highest childhood poverty level in WA
(Census 2009)

75,000 people of diverse backgrounds (40% Hispanic, 6%
tribal)

Agriculture is primary economic activity

~24,000 people use private drinking water wells

More than 2,000 people in study area are using drinking
water wells contaminated with nitrate over the MCL

68 dairies in Lower Valley

EPA initiated a groundwater nitrates study in response to
community concerns about the high nitrate levels in
residential drinking water wells and the disproportionate
Impacts on rural poor populations.

Purpose of Study: Identify sources of high nitrate levels ing
drinking water wells
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Dairies (60% estimated portion of N
contribution to groundwater) :

Likely source of nitrate in wells down-
gradient of them (low levels N up-
gradient, high levels down-gradient).

Irrigated cropland (30%)

Likely source based on current and
historical use of nitrogen-rich fertilizer —
link not as strong as for dairies

Septic systems (3%):
May be a source; study did not confirm
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Solids

e Airborne solids from dairies and other
livestock feeding operations can cause
respiratory problems for downwind
neighbors

e On hot, windy days, “dairy dust” (AKA
BM-10) can spread pathogens over a
wide area.

e Solids from digested manure can replace
large amounts of straw and hay dairy
farmers purchase as bedding for cows
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Groundwater contaminated from waste disposal site
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Once again...
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AD mitigates numerous air, water and climate environmental concerns while
producing renewable energy however little advantage is gained for CAFO
or regulatory agencies concerned with nutrient loading to groundwater.
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Renewable Energy $
Captured Methane $
Carbon Offsets $

Odor Control
Pathogen Destruction
Solids/Carbon
Destruction

Fibrous Bedding $
Mineralized Ammonia
Mineralized
Phosphorus

NO REDUCTION IN
NUTRIENTS
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WASHINGTON STATE
@ [UNIVERSITY

Craig Frear, PhD.
Department of Biological
Systems Engineering

16



* Project site: Vandddaak
Dairy, WA

» Capacity: 40,00@allon/day
 PowerGeneration: 0. 7MW
* Products

V 150 gallon/day (NB),SO,
solution

V 4,000gallonwet/day P
solid

V 36,000gallon/daylow-
nutrient effluent

Ammonia Absorption Tower  Ammonium Sulfate Tank



Recovery of Nutrients & Bio-fertilizers

Numerous technologies exist in the municipal sector, some of which are
being actively engineered for farm applications, such as that being
developed by WSU. Essentially, dilute, soluble forms of nutrients are
concentrated and partitioned from the main body of effluent

Dairy Manure AD: Fiber, P-rich fine solids, ammonia sulfate
<ohiition



Partitioning and Agronomic Use of Nutrients

Concentration of nutrients from the effluent through active nutrient recovery
systems allows for greater flexibility in producing fertilizer applications suited
to particular crops, while also potentially reducing hauling/fueling and
ammonia release losses. Most importantly, excess nutrients impacting crops,
soil, and waterways/human health can be more effectively exported.

Left: Single pass of manure and ammonium sulfate;;q
Right: Single pass manure only—same amount of



norganic Fertilizer Costs

Worldwide consumption of inorganic nitrogen is increasing and nearing
present production capacity, while fuel and fertilizer cost parallel each other in
elevation. Meanwhile, studies report a future peak phosphorus below world

demand.
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239 or 534 KW/year 0.6 or 1.3 MGGEl/year

Fiber Separation Ammonia Strip P-Solids DAF

Nutrient Removal CAFO AD/NR Systedrl(B0=cows/year; Red: 1,000 cows plus 20ekgestiom)

112 tons N 100 tons N 46 tons N

> 3 31 tons N
17 tons P 13 tons P > 13 tons P 4 tons P 72% N RemovV:

L &
76% P Remov:
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226 tons N > 202 tons N > 93 tons N > 62 tons N
28 tons P 24 tons P 24 tons P 7 tons P



A Business Model for Sustainable Dairy Digester Systems

Clean Renewable Energy
5 million kWh to power Renewable Energy

Reduce waste

nearly 700 homes Credits [REC) Carbon Offsets Create clean renewable energy
$400,000 annual revenue 5 million RECs 11,000 tons GHG Advance sustainable products
: $50,000 annual destroyed
Crop Fertilizer revenue $85,000 annual
300,000 annuat revenue

avoided cost

Bedding
$100,000 annual Mantre :
avoided cost Milk
Annual production
of 60 million
Anaerobic | Digester pounds/ 7 million
750 kilowatt system galions of milk
Rich Garden
Soil Amendment
20,000 cubic yards 3,000 Lactating Dairy Cows
of digester fiber Nutrient-Rich
Organic Waste G & $160,000 annual Dairy Products
104 tons of organic revenue

waste annually
[2 tons per week]
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Back to the Lower Yakima Valley...
the Problem Solvers...

Promus Energy — Dan Evans

WSU — Craig Frear

WA Dept. of Commerce — Peter Moulton
Jim Jensen — WSU Energy

Mary Beth Lang — WA Dept of Agriculture
DeRuyter Family

Dolsen Family

Bosma Family 23



“...an interagency methane
strategy...”

CAFOs
— CWA
— SDWA
— CAA
— RNG
Valuable N & P, solids

WWTPS
- CWA
— CAA
— RNG
— Diesel emission reduction
— Valuable N & P, solids
If maximized, significant waste savings

LandﬂHs
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“Americans always do the right thing — after
they've exhausted all other options.”
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Winston Churchill
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