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Opportunity

An abundance of dairy and cattle farms within Whatcom County provide a robust and
local source of quality products. However, the associated waste from cows presents an
ecological problem if not properly managed. Manure is rich in nutrients such as nitrogen and
phosphorus which can easily leach into the surrounding soils and nearby rivers. Furthermore, as
manure begins to break down and decay it releases methane, a powerful greenhouse gas
(GHG) 86 times more powerful than CO2. While nitrogen, phosphorus, and methane are all
valuable resources the application and management of each determines the value and
environmental impacts associated.

There are approximately 480 dairy farms and 262,000 cows in Washington State with an
average herd size of 546 cows per farm. The dairy industry is the 2nd largest agricultural
commodity produced in Washington, valued at $1.28 billion by Washington State Department of
Agriculture  and ranked 10th in total US milk production (Washington Agriculture).

Proper manure maintenance is crucial to preserving healthy farms and ecosystems.
Farmers must adhere to strict manure management guidelines and provide an adequate
amount of storage space to store the waste. Holding tanks can run upwards of $60,000 with
many farms requiring 2-3 tanks to provide sufficient storage.



Carbon Estimates

In order to better frame the issue, emission estimates based on the breakdown of
manure are calculated below. Cows produce an average of 82 lbs of manure per 1000 lb of cow,
and dairy cows typically weigh on average 1500 lbs (Fisher, David B.). Table 1 indicates the
nutrient content in pounds per day of dairy cattle manure.

Four biodigesters currently exist in Whatcom county, so 92 farms will be used for the
baseline calculations.

A conservative estimate of
92 𝑓𝑎𝑟𝑚𝑠 * 546 * 𝑐𝑜𝑤𝑠 *  120𝑙𝑏𝑠 𝑜𝑓 𝑚𝑎𝑛𝑢𝑟𝑒 =  6, 027, 840  𝑝𝑜𝑢𝑛𝑑𝑠 𝑜𝑓 𝑚𝑎𝑛𝑢𝑟𝑒 / 𝑑𝑎𝑦

Around 110 cubic feet of biogas are produced per cow per day, at roughly 60% methane
equating to roughly 88 cubic feet of methane per cow (Interview 2/23/21 Craig Frear, Regenis).
Based on these assumptions the carbon calculations are:

546 𝑐𝑜𝑤𝑠 * 92 𝑓𝑎𝑟𝑚𝑠 *  88 𝑓𝑡3 * 1 𝑙𝑏 𝑚𝑒𝑡ℎ𝑎𝑛𝑒

28.9 𝑓𝑡3 * 86 𝑙𝑏 𝐶𝑂2𝑒
1 𝑙𝑏 𝑚𝑒𝑡ℎ𝑎𝑛𝑒 * 1 𝑡𝑜𝑛

2000 𝑙𝑏 = 6, 577 𝑡𝑜𝑛𝑠 𝑜𝑓 𝐶𝑂2𝑒 / 𝑑𝑎𝑦

As mentioned methane only makes up roughly 60% of the biogas, the remaining
percentage is composed of carbon dioxide, hydrogen sulfide and water vapor (How Does
Anaerobic Digestion Work?). Therefore rounding to 7,000 tons of CO2e/day helps account for
additional GHGs not factored into the equation.

7, 000 𝑡𝑜𝑛𝑠 𝐶𝑂2𝑒/𝑑𝑎𝑦 *  365 𝑑𝑎𝑦𝑠 = 2, 555, 000 𝑡𝑜𝑛𝑠 𝑜𝑓 𝐶𝑂2𝑒  / 𝑦𝑒𝑎𝑟 

Methane has an energy density of 1,010 BTUs/ cubic foot. The methane captured from
dairy farms in Whatcom County could generate 4,465 MMBTU worth of energy each day, from
dairy cow manure alone.

546 𝑐𝑜𝑤𝑠  *  92 𝑓𝑎𝑟𝑚𝑠 *  88 𝑓𝑡3 * 1,010 𝐵𝑇𝑈

𝑓𝑡3 * 1 𝑀𝑀𝐵𝑇𝑈
1,000,000 𝐵𝑇𝑈 = 4465 𝑀𝑀𝐵𝑇𝑈 =  1. 3 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑘𝑊ℎ



2.5 million tons of CO2e mitigated each year that is capable of generating 4465 MMBTU
of energy is a waste stream rife with potential. The impacts calculated above only focus only on
air emissions, however, the nutrients in manure also pollute the nearby streams and
groundwater. The need for creative approaches to avoided and often ignored waste streams is
more apparent than ever. Approaching a waste stream from a resource rich lens reveals ample
opportunity in products previously seen as waste and a detriment to society.

Solution

Anaerobic digestion is a process in which microorganisms in an oxygen free
environment break down waste inputs and produce usable products such as biogas, fertilizers,
and animal bedding. Anaerobic digesters take advantage of natural occurring decay processes
but are able to catalyze the process and capture the products associated with the breakdown
and prevent them from polluting the atmosphere and rivers. The biogas produced is composed
of 60% methane which can be used on site to generate electricity and provide heat as a
byproduct, or can be sold directly to utilities in form of electricity or gas. The remaining solids
can be sold as high quality
fertilizers or used on the farm
for animal bedding. Multiple
products with multiple
revenue streams are key to
an economically successful
digester facility. Furthermore,
anaerobic digesters can
process multiple types of
organic waste streams from
food waste to yard trimmings
and can charge an
associated ‘tipping fee’ for
processing other forms of
waste imported off the farm.
Anaerobic digesters are a
proven technology with a
handful of projects
successfully implemented in
Whatcom County already.



Case Studies

Vander Haak Farms (Frear, Craig, et al.)
The Vander Haak dairy farm was the first farm in Washington State to install a

commercial anaerobic digester and has had great success since. The Vander Haak biodigester
processes manure from their 1500 cattle and is capable of producing 285 net kW of electricity.
Waste heat from the electricity generation process is used to warm the digesters which helps
facilitate microbial activity. The Vander Haak biodigester had a total cost of $1.2 million but was
able to secure funding from federal grants ($272,00) and WSU Climate Friendly Farming project
($160,000) to assist with costs. The remaining $768,000 came from Vander Haak as private
financing. The payback period for the Vander Haak biodigester was estimated at 7-9 years. In
order to make a profit the Vander Haak dairy sold: electricity produced ($.035/kWh) with an
added green power premium ($.015/kWh), bedding ($10/ton), compost ($3-6/ton), liquid
fertilizer, and carbon credits.

Van Dyk Farm (Van Dyk Farms).
The Van Dyk farm hosts 1000 dairy cows and is equipped with a combined heat and

power (CHP) biodigester and associated power plant. The Van Dyk farm produces roughly
4,000 MW of thermal energy and 3,320 MWh of electricity per year. The residual products are
sold as fertilizers and bedding or used on the farm itself.

A range of other case studies focused on financing reveal that successful
implementation is highly dependent on funding. The Tollenaar Holsteins Dairy Farm received
$1.2 million in both federal and state grants with farm operators having to pay the remaining
$500,000 (Funding On-Farm Anaerobic Digestion).

The cost of anaerobic digesters can vary by the size but projects do benefit from
economies of scale. The average price of a digester runs from anywhere from $250,000 to $1.5
million (Duffy, Daniel P.). As seen in the case studies mentioned most projects would not be
viable without at least $500,000 in federal or state funding. However, many dairy farms are
located in clusters and adopting a larger centralized digester for multiple farms to feed into could
significantly lower the upfront costs and increase profits made, due to the economy of scale. A
centralized plant also helps lower the individual financial risk for farmers as the costs are spread
across multiple farms.

With growing pressure to decarbonize, dairy digesters offer an environmentally favorable
and economically sound investment. In one case study of a biodigester located on Loyd Ray
Farms in North Carolina, Google Inc and Duke University share the operational and
maintenance costs and in return receive carbon offsets in the form of Renewable Energy Credits
(RECs). The sale of RECs offers a large investment opportunity for institutions looking to
decarbonize.



It is clear that even with large amounts of grant money and proven revenue streams
implementing anaerobic digesters comes at a high upfront cost which typically prevents dairy
farmers from adopting such technologies.

Implementation

The disconnect between farmers, science, economics, and policy is where Fuel From
Farms (FFF) comes in and advocates for sustainable solutions with farmers and local
communities in mind. High upfront costs and busier than average schedules leaves farmers little
room for establishing a digester much less time to think about it. FFF establishes a technical
assistance program in order to emphasize the benefits of implementing an anaerobic digester
and offer assistance to help navigate the intricacies of zoning, permitting, as well as general
funding for such a project. The assistance program will analyze farms and run calculations
based on the scale and output in order to determine a cost benefit analysis as well as generate
an estimated payback period. Furthermore FFF will aid in directing financial assistance options
and writing grants to secure federal funding.
Options for financial assistance include

● federal grants
● loan guarantees
● industrial bonds

The FFF technical assistance team will also look at private funding investment
opportunities from financial institutions to corporations, in which private interests would supply
upfront capital for the initial purchase and recoup profits generated. Farmers interested in this
option would not have to pay upfront costs, but wouldn’t profit from the digester products.
However, a cheaper and lower risk alternative to storing their manure may be an attractive
option to some. Finally, the assistance program will also assist with power purchase agreements
and connect farmers with buyers of their products who will adequately accredit them for their
green fuel.

Many technical and financial assistance programs are currently offered for farmers
through the Natural Resources Conservation Service (NRCS) an agency of the United States
Department of Agriculture (USDA). These programs provide farmers with the tools and
knowledge they need to conserve and maintain the natural resources on their land. Creating
relationships of trust between technical assistance program professionals and farmers is
foundational in developing successful projects. A localized program such as FFF provides a
one-on-one platform for exchanging information and building trust among farmers. With such a
large and robust resource in Whatcom County, FFF is able to bridge the gap between local
needs and federal assistance programs. While the federal programs have illustrated success,
creation of a local technical assistance branch fosters a more in depth relationship with the
farmers and a broader understanding of the resources at hand.



Costs

Yearly costs for the technical assistance program include
● Full time salary pay for 2 employees $140,000
● Travel expenses ~ $10,000
● Outside consulting fees ~ $ 10,000
● Total costs = ~$160,000 / year

Funding for Fuel From Farms technical assistance program will come directly from
Whatcom County  as well as from a small percentage of profits generated by the biodigesters.
2-3% of profits generated from digester projects will go back to the technical assistance
program during the first decade as a technical service fee and means to further support farmers.
The secondary stream of funding incentivizes well informed decisions and continued digester
development. A small portion of funding from Whatcom County has the potential to bring in
millions of dollars of benefits for farmers and local communities while simultaneously abating
thousands of tons of carbon.

Challenges / Considerations

One of the larger opponents of FFF would be Puget Sound Energy (PSE) if they weren’t
able to profit or benefit from the electricity or gas generation. However, PSE would be
incentivized to partner with the biogas producing farms in order to supply clean power and to
reduce their CO2 emissions in order to meet Washington States recently passed Clean Energy
Transformation Act (CETA). Additionally Cascade Natural Gas Corporation (CNGC) which has
faced pressure in Whatcom County to decarbonize could benefit in a biodigester partnership.
CNGC could fund part of the digester implementation or supporting infrastructure and receive a
low carbon product in return. While CNGC might look to this option as a way to greenwash the
public a large utility partnership would provide upfront capital that is desperately needed and
contribute to a lower carbon gas supply.

Due to the recent fracking boom natural gas prices have drastically decreased making
biogas generation for farmers less and less profitable. Digesters such as Vander Haak can not
generate the revenue they used to and are looking for more profitable alternatives. One option
is using the biogas to generate electricity and sell the green electricity to states with a Low
Carbon Fuel Standard (LCFS) such as Oregon and California in order to promote electric
vehicles. Farmers are able to profit on the kW sold as well as the green credits associated with
an LCFS. Washington state has yet to pass a LCFS, but if implemented the market for dairy
farm biogas would materialize. Because the kW price of electricity is not enough to breakeven
farmers are looking for options that adequately credit them for their renewable fuel source. The
decision to sell biogas or electricity generated from biogas will be dependent on the local and
regional policies in effect. While policies dictate the profits generated, farmers have the option of
choosing to sell biogas or electricity depending on which product and/or state will adequately
accredit them for their fuel.



Marketing

Anaerobic digesters provide dairy farmers, many of which are financially struggling as
demand for milk begins to decline, a financial opportunity to profit off waste streams previously
seen as a burden (Interview 2/23/21 Craig Frear, Regenis). Local communities also benefit from
a reduction in odor and high levels of pathogen control. Capturing and burning naturally
occurring methane is much more environmentally friendly than letting the methane escape into
the atmosphere. While the benefits of biogas can often be greenwashed and portrayed as
‘renewable’ it makes more sense to utilize the resource that it is, than to let it continue polluting.
Furthermore, confining manure within a digestion tank keeps nutrients like nitrogen and
phosphorus out of rivers and streams which contributes to eutrophication, and allows for
strategic reuse via fertilizers and composts. Profiting from a waste stream and drastically
reducing the harmful ecological effects is a strategy that everyone can support. Most
demographics would be in favor of supporting farmers who are currently struggling to make
ends meet through a single revenue stream. Waste management is not a political issue neither
is generating profits. By approaching a waste stream from a resource utilization lens farmers
and politicians are both able to meet their goals.

Anaerobic digesters break down each of the barriers associated with climate messaging.
First, the problem is local, and obvious. While methane is impossible to see with the naked eye,
manure isn’t. Digesters presents an observable and tangible solution to the problem at hand.
Second, emphasis is placed on the opportunity that manure presents rather than the gloom it
represents. Third, dissonance has no place as digesters remove any barriers of conflict. Fourth,
denial is suppressed by acknowledging the presence of methane as well as the potential. Finally
farmers' identities are not threatened as they can continue to farm as they have for decades.
They can continue to take pride in the work they do knowing that their actions generate
profitable revenue streams while simultaneously reducing their impact on the land, air, and
water around them.
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