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Introduction - Closing the Regional Rift 

A consistent theme of sustainability 
is the transition from linear to circular 
economies. While this is true across 
many sectors, it is especially true for 
organic residuals, such as livestock 
manure, food waste, or municipal 
wastewater. In linear models, the process 
of consumption ends with “waste,” 
resulting in disposal without recovery of 
embedded energy or organic nutrients. 
This necessitates further extraction, 
eventually exacerbating the “metabolic 
rift” between human and natural 
systems.1  

All organic matter shares a similar 
starting point – photosynthesis. 
Traditionally, primary productivity 
works its way through an array of supply 
chains and manufacturing processes, 
eventually arriving at consumers. Waste 
is produced throughout the process; 
however, this “waste” could have value, 
both environmentally and economically.  
Whether it be manure, food waste, 
or municipal wastewater, organic 

matter contains latent energy that 
would otherwise merely decompose, 
contributing only to climate change and 
adding nutrients necessary to maintain 
quality fertility in soil. There are waste 
management approaches that retain 
energy (i.e., biodiesel, incineration) or 
nutrients (i.e., composting), but biogas 
production through anaerobic digestion, 
hereafter referred to as biogas, allows 
both for the production of energy and 
the retention of nutrients. 

This paper first provides a background 
on biogas systems and then examines 
the implementation of biogas in two 
European countries. Next will be a brief 
discussion on biogas in the US, followed 
by concluding remarks.  

The Process and Products of Biogas

Biogas is a form of renewable energy 
produced through the fermentation 
of organic matter. Under ambient 
conditions (or in a landfill), organic 
matter will decompose and produce 
methane, a potent greenhouse gas 
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(GHG). Fermenting this matter in an 
enclosed environment with biological 
inputs allows for the collection of a 
gas similar in composition to that 
produced by decomposing matter. This 
fermentation process, called anaerobic 
digestion, has a wide variety of process 
configurations involving temperatures, 
feedstocks, process rates, etc. A wide 
range of organic material may be used 
as substrates, as long as they do not 
contain woody biomass (lignin).2 These 
inputs are often pre-processed by 
cutting and mixing, and then added 
into the digester. The process does not 
consume all of the mass; a solid residual 
called digestate remains. Digestate 
contains the organic nutrients, most 
notably phosphorous and nitrogen. So in 
addition to supplying renewable energy, 
biogas production also yields feedstock 
for organic fertilizer.

A wide range of substrates may be 
used to produce biogas, each yields a 
different range of energy and nutrient 

outcomes. Substrates may also be mixed, 
or co-digested, to take advantage of the 
strengths of the individual materials. For 
example, energy crops like corn are high 
in energy density while animal manure is 
low in energy density. However, animal 
manure comes in large volumes with a 
high level of consistency, an attribute 
conducive to maintaining steady 
biological reactions. Substrate selection 
not only affects energy production, but 
also nutrient characterization. Digestate 
from fermented food waste has a 
different chemical composition from 
that of household waste. Researchers 
are constantly experimenting with new 
substrates like wood pulp or various 
industrial waste solutions, but these 
constitute a relatively small volume 
compared with agricultural or municipal 
sources.

The biogas process yields two primary 
outputs – biogas and digestate. The 
former is a mixture primarily composed 
of methane and carbon dioxide, with 

some other trace gasses. Biogas is readily 
combustible for heating and electricity 
production, which often occurs in 
combined heat and power plants (CHP). 
CHP systems divert the heat produced 
during electricity production toward 
local heat demand. Biogas may also be 
refined into a grid-ready natural gas 
or even renewable natural gas (RNG) 
vehicle fuel.  Digestate, the material 
remaining in the digester after gas 
production, can be used as a feedstock 
for organic fertilizer. The type of digester 
and substrate used determines the 
quality and optimal use. If human or 
animal waste is used as a substrate, 
then a process of hygienization is often 
necessary prior to use as a fertilizer, 
depending on relevant health codes. If 
such digestate is given time to dry, it can 
be applied to fields with greatly reduced 
smell and a high level of nutrient 
consistency. 

Biogas projects are often the result of 
policy and infrastructural context. Many 
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Figure 1: Biogas Plant and Related System3
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countries have policies that stimulate 
project development. Direct subsidies 
help to finance the development of 
biogas plants and feed-in-tariffs (FIT) 
make investment more competitive 
with fossil energy. Other policies target 
renewable energy more broadly, such as 
a carbon tax. Apart from energy policy, 
waste management legislation can 
have a strong impact on biogas. Biogas 
plants are an ideal outlet for organic 
waste in countries that have banned the 
landfilling of organics. Biogas, though 
often used at the site of production, can 
also be sold to a broader market given 
the appropriate infrastructure. Refined 
biogas requires pipelines for distribution 
and RNG can only be sold to vehicles 
capable of combusting liquid natural 
gas.  

Case Studies: Germany and Sweden

This paper examines biogas in Germany 
and Sweden, two countries that each has 
a different approach to biogas. Germany, 
with nearly 10,000 biogas plants, has 
the most mature implementation while 
Sweden is in the process of increasing 
biogas production. Of Sweden’s ~1,600 
GWH/year of biogas produced energy, 
more than 50 percent is utilized as 
vehicle fuel (much of which fuels city 
busses). Despite producing 25 times 
more energy from biogas (~41,000 

GWH/year), Germany produces less 
biogas-derived vehicle fuel than Sweden 
(only 1 percent of total production). 
Instead, German production produces 
electricity (65 percent) and heat (34 
percent).4 Clearly, biogas is not a 
one-size-fits all solution. Rather, it is a 
flexible and modular process that often 
requires cooperation among multiple 
stakeholders.

Germany: 
Agricultural Biogas as Sustainable Energy

With nearly 10,000 plants, Germany is 
a global leader in biogas. The majority 
of biogas energy is used as electricity 
(65 percent), constituting more than 3 
percent of all electricity in Germany.5 
With more than 7,500 plants and 95 
percent of all substrate usage (by mass), 
agriculture is the largest source of 
biogas with nearly 30 TWh of energy 
production.6 The remaining biogas 
energy is primarily dedicated to heating, 
commonly through on-site use or district 
heating.7

In Germany, there is support from 
both liberals and conservatives for the 
Energiewende, or “energy transition.” This 
concept, first mentioned in a 1980 study 
arguing that economic growth can be 
decoupled from energy consumption, 
has grown into a broad array of policies 

and economic institutions, too many to 
be fully discussed in this paper. There 
are several important factors that have 
supported the growth of biogas.  In 
1991, the Feed-in Act was adopted, 
increasing the revenue for each KWh of 
electricity of renewable energy as paid 
by the customer. In 2000, the Feed-in 
Act was later replaced by the Renewable 
Energy Act (EEG), which fixed the price-
support based on the cost of investment, 
not retail rate.9 The EEG was later 
amended in 2004, 2009, 2011, and 2014 
with major changes to be occurring in 
the 2014 amendment (discussed further 
below). There have been other relevant 
energy policies, such as the “Eco-tax” 
from 1999 – 2004 and the Renewable 
Heat Act in 2009, but the EEG remains 
the most significant policy.  

The EEG does not impact all biogas 
plants equally. Smaller plants receive 
a higher FIT than larger plants, and 
additional tariffs apply, depending on 
the percent of energy crops, the use 
of upgrading systems, and the use of 
municipal organic waste.10 The EEG has 
also encouraged community ownership 
of energy production. In fact, private 
individuals own more than half of the 
installed capacity as of 2011. This has 
helped to reduce NIMBYism, simplifying 
project development.11 However, the 
2014 amendment may re-structure the 
FITs for biogas, possibly removing the 
support for digestion of energy crops. 
The 2014 EEG amendment could create a 
new landscape for biogas development, 
especially when combined with the EU 
Renewable Energy Directive.  This EU 
policy emphasizes the use of organic 
waste in generating biofuels. This, and 
Germany’s active market for organic 
municipal waste, particularly the claim 
that zero biodegradable waste has been 
sent to landfills since 2006, should lead 
to an increase in biogas from municipal 
organic waste, as well as the necessary 
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Figure 2: 2012 Biogas Summary for Germany8
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upgrading facilities for RNG production.12

 
Biogas in Germany has been successful, 
though the rapid expansion of the 
industry has not come without criticism.

While biogas in other countries 
mostly leverages waste streams, it has 
appropriated a significant segment of 
German agricultural production. Since 
corn has the highest yields for any 
substrate, large corn farms have formed 
throughout Germany.13 In addition to the 
criticisms associated with monoculture 
corn production, many have also 
challenged the morality of using food 
for energy production. In addition, the 
co-digestion of corn with manure in 
large biogas plants has led to issues 
with excess nutrients in meat and dairy-
producing regions within Germany.14  
These larger plants also have worse 
performance in terms of GHGs.15 Despite 
these critiques, some have strategized 
how biogas can help increase the share 
of organic farming in Germany.16  The 
complexity of biogas discourse comes as 
no surprise given the size of the sector.

Sweden:  
Waste Management a as Supply of 
Vehicle Fuel

In 2009, bioenergy (biogas is a subset of 
bioenergy) surpassed oil to become the 
largest source of energy in Sweden (33.6 
percent).17 Most of Swedish bioenergy 
comes from burning solid biomass 
(woody) for heat and power, but biogas 
has carved out a niche of its own (see 
Figure 3). Of the 130.2 TWh of bioenergy 
in Sweden, 1.2 percent comes from 
biogas.18 Although this represents only a 
small portion of overall Swedish energy 
usage (<1 percent), biogas has played in 
increasing role in the supply of vehicle 
fuel. At more than 50 percent, vehicle 
fuel is the largest end-use of biogas in 
Sweden. Nearly all Swedish production 
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comes from various waste streams, 
making biogas an important tool for 
closing the “metabolic rift.”  

Support systems for Swedish biogas 
began well before most existing plants 
were built. District heating became com-
mon during the 1960s and 1970s. After 
noting that one large chimney produced 
fewer emissions than thousands of indi-
vidual stoves, communities throughout 
the country invested in district heating 
to improve local air quality.20 District 
heating also allows a community to 
leverage economies of scale by build-
ing a single large plant with accessible 
demand for heat. This did not lead to 
biogas expansion as biomass is a less 
expensive feedstock for CHP operations. 
Consequently, there were close to 500 
heat plants using biomass fuels in 2012, 
leaving little room for biogas in the 
market.21   

Despite heavy competition, other poli-
cies have helped to create a niche for 
biogas. Sweden does not have FITs, but 
its 1991 carbon dioxide and energy taxes 
exclude biogas. In addition, Sweden sup-
ports eco-friendly cars through several 
incentives, including a 10,000 SEK (more 
than $1,000) subsidy for bi-fuel cars 
(the type that can use biogas). These 
incentives helped biogas become an 
important source of renewable vehicle 
fuel. As of 2012, there were 39,000 bi-

fuel cars and 132 stations pump sta-
tions.22 Sweden’s 2005 ban on landfill 
of organic waste also supports biogas 
development.23 Less than 1 percent of 
all Sweden’s waste to goes landfills, and 
though much of the waste is incinerated, 
the high water content in organic waste 
means its best use typically lies else-
where. Approximately one-third of all 
Swedish biogas comes from biowaste.24 

According to a 2010 study, biogas has 
the potential to convert waste streams 
into 3-4 TWh of vehicle fuel.25 However, 
the expansion of biogas faces several 
challenges. Sweden has a large winter 
demand for heat, but requires very little 
in the summer. Revenue from heat is 
important to the economic viability of 
biogas plants. In addition, emerging 
biomass gasification technologies (bio-
methane) such as the GoBiGas project 
could reduce the competitive position 
of biogas in the vehicle fuel market. And 
unlike the United States, organic waste 
is already a sought commodity with the 
possibility of increasing prices in the 
future. Overall, these factors lead to un-
certainty that makes it difficult to finance 
new biogas projects in Sweden.

Opportunities and Hurdles in the US
Biogas is produced in the US primarily as 
part of wastewater treatment plants, of 
which more than 80 percent waste the 
gas by flaring it.26 This high rate of flaring 

Figure 3: 2012 Biogas Summary for Sweden19



Sustainability on the U
T Cam

pus: A
 Sym

posium
Essays

at least not significantly at the national 
level.
Conclusion

Biogas can be framed in one of two 
ways - as a source of energy or a waste 
management practice. While biogas 
should ideally be an efficient combina-
tion of both, it is often utilized as one 
or the other. In Germany, biogas plays a 
major role in sustainable energy produc-
tion, but the largest producing regions 
struggle to handle all the nutrients.
urther, the use of arable land for energy 
production is an emerging issue without 
a consensus best practice. Conversely, 
Sweden’s biogas sector relies heavily 
on waste streams, adding value during 
the process. However, biogas is a minor 
player in Sweden’s sustainable energy 
scene, and uncertainty concerning 
economic returns undermines its future 
development. 

Synergy between energy production and 
nutrient cycling make biogas an 
important aspect of sustainable 
economy development theory, but 
implementation has proven complex. 
The retention of organic nutrients will 
become increasingly important as 
sources of mineral fertilizer, especially 
phosphorous, become rare.29 Harness-
ing the energy potential of the organic 
residuals could provide the necessary 
revenue to support investment in biogas 
systems, but thus far increased energy 
production has not always occurred in 
harmony with regional fertility. Biogas is 
still a relatively new technology, and the 
learning curve has been steep.

is an indicator of the immaturity of the 
US biogas sector. However, the US has 
the potential to leverage wastewater, 
livestock manure, and municipal organic 
waste to produce more than 5 million 
tons of methane each year.27 The low 
price of competing energy sources is a 
major obstacle preventing biogas expan-
sion, but it is not the only challenge. 
There is ample untapped manure and 
wastewater, but these substrates often 
need to be co-digested with organic 
waste or energy crops to produce high 
yields. Co-digestion requires sources of 
supply that are close in proximity. Other-
wise, the supply chain may become too 
expensive and decrease the GHG savings 
associated with biogas production. 

The use of energy crops for biogas has 
little precedent in the US, but organic 
waste may be a more accessible com-
modity. Across the US, organic waste is 
often sent to the landfill; however, some 
regions have high landfill fees while 
progressive cities have begun 
implementing bans on landfilling 
organics. These are anomalies, though, 
as organic waste is the largest compo-
nent of municipal solid waste sent to 
landfills in the US.28 Therefore, organic 
municipal waste is an area of opportu-
nity for biogas development.

Lack of infrastructure also prevents wider 
implementation of biogas. To maximize 
profitability, biogas plants that generate 
electricity also need revenue from heat. 
However, there are few district heating 
networks in the US. While new devel-
opments can take advantage of this 
strategy, growth in the US is taking place 
further south, where heating 
requirements are low and cooling high. 
Finally, the US lacks the policy support 
enjoyed by its European counterparts. 
There is support for renewables in gen-
eral, but the policy landscape has not 
yet led to serious investment in biogas, 
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