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SUMMARY
Californian has an extremely large dairy production where large amounts of manure is produced
within a small area. Water consumption and leaching of nitrate into the groundwater are large issues
in California and the Sustainable Groundwater Management Act (SGMA) has defined a long-term
framework for sustainable groundwater management in California, which has led to an increased
interest on alternative manure handling methods and biogas production. The Royal Danish Embassy, Washington DC has therefore asked SEGES to participate in a 4-day fact-finding tour in
June 2018 where several dairy farms and key stake holders were visited.
The main driver for biogas production in California is, however, reduction of short-lived climate pollutants and improving air quality trough reduction of emissions of NOX and VOCs. Biogas production
has been further supported by SB1383 (Lara, 2014) that states that the California Air Resources
Board (CARB) by 2018 shall approve and begin implementing a comprehensive short-lived climate
pollutant strategy to achieve a 40% reduction of short-lived climate pollutants below 2013 level in
2030. The law is optional until 2023 and various extremely lucrative but uncertain incentive programs that support biogas production and grid injection are put into action.
In July 2018, a total of 21 dairy digesters are in operation in California and 19 have been planned
and are under construction. The incentive programs for grid injections are expected to be improved
and an additional 150 are expected in California between now and 2030.
There is without any doubt a large market potential for Danish companies within both the manure
handling, biogas, biogas cleaning and upgrading industries.
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BACKGROUND
Within the recent years, Denmark has had a tremendous increase in the number of biogas plants in operation. The development has been driven a long-term subsidy scheme where the biogas plants receive a
subsidy for the produced electricity, process heat or Renewable Natural Gas (RNG) for injection into the
natural gas grid. Denmark has currently a total of approx. 80 biogas plants, where of approx. 50 are farm
plants (size 20-70.000 tons biomass/year) and approx. 30 larger biogas plants that receive biomass from
a number of farmers (size 100-600.000 tons/ year). 12% of the manure produced in Denmark is used for
biogas production. The biogas production in Denmark is expected to grow in the coming years and the
increased production is expected to be achieved by few large biogas plants that will upgrade the biogas
to RNG and inject it into the natural gas grid (Figure 11).

Figure 1: Historic and expected future biogas production and its use in Denmark 20122020. Source: The Danish Energy Agency

The development of the biogas industry has led to unique key competences in Denmark on manure handling, anaerobic digestion, biogas purification and upgrading.
The Californian Dairy production has a large untapped market potential for establishing biogas plants due
to the large amounts of manure that are collected within a small area. On top of that there is a lot of focus
on reduction of greenhouse gas (GHG) emissions and improving the air quality in California. The Royal
Danish Embassy, Washington DC has therefore asked SEGES to participate in a 4-day fact-finding tour
in June 2018, where several dairy farms and key stake holders were visited.
This report sums up the key learnings from the fact-finding tour and identifies areas and specific Danish
companies that have key competences and technologies within manure handling, biogas production and
purification that could be applied.
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https://ens.dk/en/our-responsibilities/bioenergy/biogas-denmark
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CALIFORNIAN DAIRY FARMS
The central valley of California has the highest density of dairy farms in the US and approx. 20% of the
total milk production in the US is made here. The Central Valley is, furthermore, extremely fertile and more
than 400 different types of crops are grown here. 95% of the Worlds almonds are produced in California.
The only thing that is missing in the Central Valley is water as the amount of rain in the area is extremely
limited.
The dairy sector in California consists of a total of 1,300 farms, with an average farm size of 1,300 cows
in average, and a total of 1.8 million cows. The market has been consolidated within the last 10-15 years
where the number of farms has been reduced from approx. 2,000 to 1,300. The number of farms is expected to be reduced even further in the coming years. The largest farms have more than 10.000 cows,
and approx. 200 farms produce 30-40% of the total milk production. The profitability is limited and the
farms are getting bigger and bigger to be cost effective. 40% of the produced milk is exported out of
California.
The size of the dairy farms in California is limited by the amount of land as the farmers only are allowed
to have 3,7 cows/acre. In Denmark, the number has previously been limited to 0,7 cows/acre in order to
ensure a balance between animal production and farm production and to avoid an excess of nutrients
(manure) to be handled. Today, dairy farms in Denmark don’t have to own the land but they must present
an off-take agreement on the manure.
The stables in California are open with no sides or gables and with installation of vertical mounted fans.
Water is used for sprinkling of the hallways, alleys and the feeding areas (Figure 2). Many of the farms
have dry lots, which typically are used for the young cattle. 60% of the manure is produced on the alleys
and collected and the remaining 40% is produced in the dry lots.

Figure 2: Vertical fans (left) and sprinklers (right).

The cost of farm land is high in California and several of the farms that where visited had converted a part
of their plant production to almonds. The push from the plant production and the need of consolidating
means that the farmers are looking for ways to get more cows within the same amount of land. The dairy
farmers are therefore looking for ways to reduce/remove the amount of nitrogen in the manure which
would allow farmers to increase the number of cow/acre. Furthermore, they are looking for alternative
revenue streams besides the heavily fluctuating milk prices which have led to a growing interest in biogas
production. California has, as mentioned before, a very large plant production as well, but the plant producers are very reluctant towards utilization of manure as fertilizer and the Almond Board of California
does not support the use of manure and stacked or composted manure as fertilizer.2
The interest in biogas production has been further supported by SB1383 (Lara, 2014) that states that the
California Air Resources Board (CARB) by 2018 shall approve and begin implementing a comprehensive
short-lived climate pollutant strategy. In 2030, a 40% reduction of short-lived climate pollutants below 2013
2

http://www.almonds.com/sites/default/files/gap-quick-start-guide_1%5B1%5D.pdf#page=3
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level in must be achieved. The law is optional until 2023 and various incentive programs have been put
into action (see below). SB1383 also requires that California Public Utilities Commission (CPUC) must
develop recommendations for the development and use of biomethane and biogas. Methane contributes
to approx. 9% of the total GHG-emissions in California and approx. half of the methane emissions originate
from dairy farms.

Low Carbon Fuel Standard (LCFS)
Subsidy program for low carbon fuels via credits. Production of biogas from organic waste can
receive the credits if the gas is upgraded to RNG and used as transportation fuel. The RNG can be
injected into the natural gas grid or used at a local gas station. Several projects outside California
have received funding for RNG that has been injected into the natural gas grid. In 2017, 7% of the
LCFS credits came from RNG from organic waste.
Renewable Fuel Standard (RFS)
RFS is a federal program administered by the Environmental Protection Agency (EPA) that mandates the use of biofuels. Cellulosic RINs are produced in dairy RNG projects. The value of the
RINs are very fluctuating and have, since January 2013, been ranging from $0.4 per RIN to more
than $3 per RIN.
CDFA Dairy Digester Research & Development Program (DDRDP)
Up to 50% funding and a maximum of 3 million $ to digester projects where biogas is used for
electricity production or as a transportation fuel. The program has been in operation since 2015 and
a total of 24 projects have been granted. 40 projects are expected to receive funding in 2018. The
budget for 2019 hasn’t been decided upon yet, but it is expected that the program will be at the
same level as in 2018.
CDFA Alternative Manure Management program (AMMP)
Up to 100% funding with a maximum of 0.75 million $. The activities relate to manure management
systems that reduce methane emissions. An example could be changing from flush systems to
scrapers. In 2017, 18 projects were awarded a total of $9.6 million and in 2018 CDFA is expected
to award $24-$38 million to projects through AMMP.
CPUC BioMat
The Californian Public Utilities Commission (CPUC) requires the Investor Owned Utilities (IOUs) to
purchase electrical generation capacity from dairy and other agricultural waste products. The BioMat program is a feed-in-tariff program that offers electricity projects to be compensated for the
produced electricity at a fixed rate on a long-term contract (10-20 years). Typically, a fixed price of
2$/kWh can be achieved. The program is set to expire in February 2021.
CPUC Interconnection Pilot Program
A $40 million incentive program to promote grid injection of RNG. Up to 50% of the pipeline interconnection costs and a maximum of $3 million/project or $5 million for dairy cluster projects. AB
3187 (awaits Senate consideration) does, however, require that CPUC reevaluates the program
and considers covering 100% of the costs.
Compliance Offset Program – Livestock Projects
A portion of the Cap‐and‐Trade compliance can be met through offset credits generated by projects
that demonstrate GHG reductions.
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Water consumption and leaching of nitrate into the groundwater is a large issue in California due to poor
utilization of the applied nitrogen from the manure and the fact that the ground water is only 3 meters
below the surface. Currently the only regulation of nitrogen consumption is the amount of farm land that
the dairy farms need to have. The manure is collected in large uncovered lagoons where it is stored and
used for flood irrigation of the farm land, where the feed for the dairy farm is grown. The farmers must
analyze the nitrogen content in the manure and can apply 40% more nitrogen (from manure and synthetic
fertilizers) than the crop needs. The praxis obviously leads to a massive overload of nitrogen that leads to
leaching of nitrogen and elevated levels of nitrate concentration in the ground water have been found.
The Sustainable Groundwater Management Act (SGMA) is a three-bill legislative package that defines a
long-term framework for sustainable groundwater management in California. The program requires farmers to document their activities. SGMA empowers local agencies to oversee the preparation and implementation of a local Groundwater Sustainable Plan (GSP). The SGMA does not change existing groundwater rights and currently the only consequences for the dairy farm have been increased need for documentation, monitoring and training.
The process3 water consumption in one of the very modern farms that we visited in California was 18
gallons/cow/day, which is almost three times higher than the typical consumption in a Danish dairy farm
(6,3 gallons/cow/day). During the visit to the farms, it was obvious that large amounts of water are used
for cleaning during the milking process and it was observed that water just was running without any specific
purpose. In Denmark, there has been a long history of water optimization and companies like SEGES,
ENIIG, SAGRO, LMO and VKST could help optimize this praxis.
There is currently an over-usage of water, meaning that the amount of water that is being pumped up is
larger than the amount of ground water that is created. Surface water (melting water from the mountains)
is used for irrigation of the crops and the extensive usage of surface water has led to an accumulate of
salts in the Central Valley.

2.1. Manure handling
85% of the dairy farms in California use a flush system for removal of manure from the feeding stations.
Large amounts of water are used flushing several times a day. The method is very effective and the floor
is wiped clean and no manure is left. The praxis is quite different compared to Danish methods where
manure scrapers typically are used. However, scraper systems are used in the northern part of California.
The farmers we met during the fact-finding tour were all very reluctant towards scraper systems as they
fear that the floor will be slippery and difficult to keep clean.

Figure 3: Comparison of Manure flushing (left) and scraper. (right).

The manure from the California dairy farms are transported via open canals as shown on Figure 4 on the
next page. The manure has a very high content of sand. The thin manure allows effective separation of

3

Process water in Denmark includes water for cleaning of milking equipment and milk cooling tank, cleaning of milking barns, waiting areas and collection yard along with consumption during milking, washing of milking cloths and
manual cleaning of milking equipment.
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sand in the open canals. The canals are designed to ensure sedimentation of sand and allow easy access
for a small loader (Bobcat) that removes the sediments twice a week.

Figure 4: Open manure canal at a Californian dairy farm.

The transportation method will result in evaporation of large amounts of ammonia and Volatile Organic
Compounds (VOCs). The dry matter content of manure is only 2%. The manure from the stables is collected and the fibers are removed in a slope screen separator (Figure 5 page 9). The system is very simple
and has low maintenance cost due to limited wear and tear. The produced fibers are composted and used
as bedding, soil amendment and sold as potting soil at a cost of 15-20 $/t (Figure 5 page 9).
In Denmark scrapers are used for removal of manure from the stables which leads to a substantially higher
dry matter content in the manure (typically 8-10%). The manure is collected in closed channels to avoid
evaporation of ammonia and VOCs.
The topography of California, where the central valley is surrounded by mountains, means that the air
pollutants will be trapped inside the valley. A lot of air pollution is furthermore transported into the valley
from the Pacific Ocean and Fresno has the highest air pollution in America. There is therefore a lot of
focus on reducing VOC, NOX. Given the large focus on air pollutants it seems surprising that there isn’t
put more attention into the evaporation of ammonia VOCs from manure.
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Figure 5: Slope screen separator (top), composting (below – left) and bedding (below – right).
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The liquid manure is collected in large open lagoons where it is stored for several months (Figure 6). The
praxis leads to uncontrolled anaerobic digestion and bubbling of methane could be observed in the open
lagoons. The manure is used for flood irrigation of the fields where the cattle feed is produced. The farms
in the Central Valley typically grows three crops/year (e.g. corn, sorghum/wheat and winter wheat/triticale).

Figure 6: Transportation of liquid manure to an open lagoon.

The lagoons are typically designed with a capacity of 6 months of manure production and can be as large
as 16 acres. The liquid manure is used for sprinkling of the fields prior to the crop establishment. According
to the farmers that we met during the Fact-Finding Tour, they can apply 40% more nitrogen (from synthetic
fertilizer and manure) than the crops need. This praxis leads to large amounts of nitrogen than aren’t
utilized by the plants and ends up in the groundwater as nitrate.

2.2. Anaerobic digestion of manure
A total of 21 dairy digesters are in operation in California and 19 have been planned and are under construction. The development has been supported by CDFA DDRDP and a total of 100-120 projects are
expected within the next few years. The projects are typically developed by a project developer that can
own from 0-100% of the project. The dairy farmers want to have the digesters because they will get a
double lined bottom for the lagoon, solids separation, which will give him fibers to be used as bedding and
allow the fibers to be composted. Maas Energy and California Bioenergy have been very successful and
they have majority of the market share. In recent years, it has been allowed to handle manure from other
farms. Previously, it was considered a health hazard that could transport contagious diseases between
farms. This change has led to the possibility of handling very large amounts of manure and the some of
the new digester projects will handle manure from several farms.
All of projects supported by DDRDP were designed covered lagoon digesters (Figure 7). The system has
low investments costs and a large gas storage capacity which allows the energy production to be postponed to the nighttime where the electricity costs are higher. The first lagoon digesters that were built
wasn’t equipped with agitators and were designed without internal separation, which can lead cross flows
and varying retention times. The lagoon digesters aren’t heated which means that there will be no or very
limited biogas production in the winter.
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Figure 7: Covered lagoon digester

One Continues Stirred Tank Reactor (CSTR) has been installed in California and is operated at mesophilic
conditions. The system handles liquid manure from a flushed dairy, waste water from a cheese factory,
Fats, oils and grease (FOG) along with spilled sillage. Co-digestion is not common in California as farmers
are quite reluctant due to concern about ending up as a junk yard. The operation of the CSTR has been
very troublesome as the manure handling systems haven’t been designed with sufficient sand removal.
The digesters where therefore filled with sand within a short period.
The CSTR system can handle dry matter contents of 10-12% and aren’t suitable for dairy farms with flush
systems as the investment costs would be immense. The volume and biogas production of a Danish
biogas plant (Korskro) and a Californian dairy digester (Verwey-Hanford) are compared in Table 1 below.
The size of the digesters is only 1.6 times greater at Korskro whereas the investment and gas production
are 6 times and 14 times greater respectively.
Table 1: Comparison of Nature Energy Korskro and the Verwey-Hanford Dairy digester

NATURE ENERGY
KORSKRO4

VERWEY-HANFORD DAIRY DIGESTER

RATIO

CSTR

Covered lagoon

-

-

Manure, deep litter, silage & industrial waste
products

Manure

-

million gallons

47

30

1,6

Investment

million US $

~ 37

7

5

Biogas yield

million Nm3 CH4

30

2.25

14

UNIT
Digestor type
Biomass
Reactor volume

4
5

Korskro Environmental permit, October 2016
Calculated from a power production of 1 MW and an electrical efficiency of 40%
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2.3. Utilization of biogas at dairy farms
Typically, the biogas produced at dairy farms is used for production of electricity and a high price
(~$2/kWh) can be achieved on a long-term contract (10-20 years) through the BioMat program. The flue
gas from the gas engine is cleaned with via Selective Catalytic Reduction (SCR) to reduce the NOx-content.

Figure 8: Biogas engine

There is, however, increasing interest in utilization of low-carbon renewable fuels for medium and heavy
duty vehicles. The California Sustainable Freight Action Plan calls for the use of low-carbon renewable
fuels in near zero-emission equipment and identifies the capture of dairy biomethane for freight vehicles
as one of three key pilot projects to be supported by the state. The focus on reducing NOx-emissions also
supports the shift towards RNG production as an alternative to electricity production.
In 2017 18 projects received funding from CDFA within the DDRD program and all of these included
production of vehicle fuel: 17 of the projects via RNG and one project where the biogas is used for ethanol
production. According CDFA, all gas upgrading systems were Pressure Swing Adsorption (PSA). The
production of RNG is extremely lucrative but the income is also extremely sensitive as approx. 95% of the
revenue in dairy digester comes from LCFS credits and RINs (Figure 9).

Figure 9: Sources of revenue from two hypothetical dairy biogas
projects: scrape conversion (left) and covered lagoon (right)6

The produced NG is either injected into the natural gas grid or used for onsite fueling instead of pipeline
transportation in areas where fleets are available nearby. The RNG must adhere to the quality standards
outlined by the local gas utility company.
6

California Air Resource Board – Staff White Paper – DRAFT - SB 1383 Pilot Financial Mechanism Concept Paper
May 2018 https://www.arb.ca.gov/cc/dairy/documents/05-23-18/pilot-financial-mechanism-white-paper.pdf
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KEY BARRIERS

Treating manure is expensive The current methods are extremely simple and very cost-effective.
If the manure should be utilized as a fertilizer and not a waste product this would require additional
investments. The current legislation doesn’t promote a change in praxis.
The dependency on uncertain revenue streams The price of fuels is very low in California and the
income from fuel sales for a RNG injection project would be only 5-10% whereas the reaming income
would come from RIN sales and LCFCS credit sales.6
Uncertain subsidy schemes There are some extremely lucrative funding programs for production
of RNG but it is uncertain how long they will last and at what level. The uncertainty means that there
is an extreme focus on very low investment costs to reduce project risks.
High investment costs for gas injection High investments costs for grid injections have previously
made the projects nearly impossible. SB 1440 and AB3187 could, however, change this if they pass
out of the Assembly and Senate.
Strict regulation The project developers claim that California has an extremely strict system that
makes gas injection projects and co-digestion complicated
Reluctance towards the use of manure as fertilizer The plant producers are reluctant towards the
use of manure as a fertilizer and the Almond Board of California does not support the use.2
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DANISH EXPORT POSSIBILITIES

Covers for slurry storage facilities Hexacover, Winter, LECA can provide covers that can reduce
ammonia and VOC emissions and ensure a higher nutrient value of the manure.
Lagoon digesters Danish Q2 have developed a lagoon digester with an external mixing technology that enables the system to minimize sludge build up and ensures a high conversion of the
organic material.
Biogas cleaning Biogasclean have technologies that can reduce the content of H2S in raw biogas.
Biogas plants Bigadan, Renew Energy, Xergi and Lundsby Biogas can all provide turn-key installations. The CSTR-systems are of interest in the dairy farms where scrapers are used and/or in
projects were manure will be co-digested with industrial waste products and organic household
waste.
Biogas upgrading AMMONGAS have developed an amine biogas upgrading technology that can
handle raw biogas and has substantially lover methane slip than the PSA systems (< 0.1% vs 11.5%7) that are being installed in California.
Ammonia-stripping AMMONGAS and Renew Energy both have technologies that can remove
ammonia from the digestate and produce a concentrated fertilizer.
Wastewater treatment plants Krüger, EnviDan and Stjernholm can design waste water treatment
plants for removal of nitrogen via nitrification and denitrification.
Utilization of manure as a fertilizer SEGES and DLBR have extensive knowledge on how to
handle manure and utilize it as a fertilizer.
Sand removal Opicon has developed a system for removal of sand from cattle manure with a very
low water consumption.

7

Energiforsk Biogas upgrading – Technical review 2016
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