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Case	studies	Triennium	2016	-	2018	
1.  Den	Eelder	Farm:	small	farm	scale	mono-digestion	of	dairy	slurry.	

2.  Green	Gas	Hub:	provision	of	biogas	by	farmers	by	pipe	to	a	Green	Gas	Hub	with	
a	centralised	upgrading	process.	

3.  Biomethane	demonstration:	Innovation	in	urban	waste	treatment	and	in	
biomethane	vehicle	fuel	production	in	Brazil.	

4.  Profitable	on-	farm	biogas	in	the	Australian	pork	sector.	

5.  Sondrerjysk	Biogas	Bevtoft:	Hi	tech	Danish	biogas	installation	a	key	player	in	
local	rural	development	

6.  Icknield	Farm	Biogas:	an	integrated	farm	enterprise	
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60 cars fuelled 
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21M m3 of biomethane 
6000 m3/h biogas 
upgrading 
10,000 cars 
 



Technical	Reports	Triennium	2016	-	2018	

1.  Methane	emissions	from	biogas	plants	
2.  Green	Gas	
3.  Integrated	Biogas	Systems	
4.  The	role	of	anaerobic	digestion	and	biogas	in	the	circular	

economy	
5.  Governance	of	environmental	sustainability	
6.  Value	of	batch	tests	for	biogas	potential	analysis	
7.  Food	waste	digestion	systems.	
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Methane slippage and sustainability 
 
Must save 70% GHG savings as compared to fossil fuel displaced to be deemed 
sustainable 
Fossil fuel comparator (FFC) is equal to 186 g CO2eq. per MJ of electricity 
30 % of the FFC, which corresponds to 55.8 gCO2/MJ 
Slurry storage without digestion assumed to produce 17.5% of methane produced; thus 
carbon negative feedstock 

All slurry 20% Maize 
80% slurry 
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Renewable Energy Directive requires 3.6% of transport energy by 2030 to be from 
advanced biofuels. Ryegrass is a significant source of advanced biofuel.  
 
 

Decarbonised buses 
 
California Air Resources 
Board (CARB) awarded 
a Carbon Intensity (CI) 
score of -254.94 
gCO2e/MJ for a dairy 
waste to vehicle fuel 
pathway. This is the 
lowest ever issued by 
CARB. 
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Integrated biogas systems Case stories

22

5.8 Kigali Institute of Science and Technology for prisons: 
Rwanda

After the civil war in Rwanda, many people were 
put in prison. The prisons became overcrowded and the 
sewage systems could not cope. The Red Cross asked 
the Kigali Institute of Science and Technology (KIST) 
to work on a solution to this problem. A Tanzanian 
Engineer used the training he had obtained in KIST to 
build biogas plants to process the sewage. 

The gas generated by the sewage is used in the prison 
kitchens to cook food, saving 50% of the firewood that 
was previously needed. The effluent slurry has very little 
smell and is used to fertilise crops (such as maize) in the 
prison gardens. Flowers are often grown on the soil used 
to cover the biogas plants. 

The biogas plants are made from brick rings formed 
into a hemispherical domes (Figure 5.8), which are then 
covered in soil. Each hemisphere has a total volume 
of about 100 m3, and several of these units are linked 
together to form the volume required (up to 1,200 m3). 

The prison inmates acted as a source of labour for the 
work and some were trained in masonry work. 

Summary   

Feedstock Human sewage

Technology Underground brick dome

Use of biogas and  
by-products

Gas for cooking for prison inmates
Effluent for fertilising gardens

Simple payback
Plant for 5000 inmates [500 m3 total 
internal volume (TIV)] costs US$ 65,000 
(paid for by government and Red Cross)

Energy saved  1866 kW (heat) from plants serving 
30,000 inmates in total

Other attributes Saves raw sewage polluting local  
environment

Figure 5.8 (a) Building underground domes             (b) Garden over a sewage treatment plant
Source: Ashden (www.Asden.org)
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Governance of environmental sustainability Phases of development

13

synergistic systems. It should also be restated the extent 
to which biogas systems protect the environment, reduce 
greenhouse gas emissions from agriculture, mitigate 
climate change, provide sustainable waste management 
and create economic activity in agriculture and the agro-
industry sectors.

4.6. Phase VI: Biogas as part of the circular economy
For most of the biogas production in Denmark, 

livestock manure and slurries are digested and converted 
to biogas in anaerobic digestion facilities, together with 
digestible residual fractions from industry, households and 
the service sector. This results in a cooperation between 
rural areas and the city, which helps to recycle nutrients, 
including nitrogen, phosphorus, and potassium (Sander-
Nielsen, 2016a&b). Such cooperation also helps to recycle 
a significant part of the carbon in manure and waste, which 
helps maintain the humus content of soils and their long-
term suitability for agriculture. Biogas plants therefore help 

to maintain the carbon cycles, without enlarging them, 
through the earlier mentioned dual benefits: reduction of 
methane emissions from animal farming, and reduction of 
greenhouse gas emissions, when the biogas replaces fossil 
fuels. The biogas production systems should furthermore 
be designed to comply with the waste hierarchy, which 
means that the waste is recycled to the product of highest 
value or environmental or social benefit. These cyclic 
properties suggest that biogas has a significant role to play, 
as the circular bioeconomy develops, and that it might 
be an important part of biogas deployment strategy to 
develop the narrative and communicate this strategy to 
farmers, the public and business and political decision 
makers. Biogas is thus anticipated to become the central 
player in the development of the circular economy in 
Denmark, as is mentioned in the preparative documents 
of the new Danish Energy Agreement, to be adopted by 
the end of 2018, which will design the development path 
for biogas in Denmark up to 2030. 

Figure 6. Comparison of biogas production levels with selected relevant energy, agricultural and environmental policy strategies and agreements 
during the period 1986-2016. A new energy agreement is expected in 2018
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6	European	gas	grids	have	
committed	to	100%	green	
gas	in	the	gas	grid	by	2050	



  Green gas roadmap

Green Gas Forum
Green Gas Green Deal (deal 33)  

July  2014
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The potential of algae blooms to produce renewable gaseous fuel
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a b s t r a c t

Ulva lactuca (commonly known as sea letuce) is a green sea weed which dominates Green Tides or algae
blooms. Green Tides are caused by excess nitrogen from agriculture and sewage outfalls resulting in
eutrophication in shallow estuaries. Samples of U. lactuca were taken from the Argideen estuary in West
Cork on two consecutive years. In year 1 a combination of three different processes/pretreatments were
carried out on the Ulva. These include washing, wilting and drying. Biomethane potential (BMP) assays
were carried out on the samples. Fresh Ulva has a biomethane yield of 183 L CH4/kg VS. For dried, washed
and macerated Ulva a BMP of 250 L CH4/kg VS was achieved. The resource from the estuary in West Cork
was shown to be sufficient to provide fuel to 264 cars on a year round basis. Mono-digestion of Ulva may
be problematic; the C:N ratio is low and the sulphur content is high. In year 2 co-digestion trials with
dairy slurry were carried out. These indicate a potential increase in biomethane output by 17% as com-
pared to mono-digestion of Ulva and slurry.

! 2013 Elsevier Ltd. All rights reserved.

1. Introduction

This paper investigates the potential to convert Ulva lactuca (a
sea weed commonly known as sea lettuce) into biomethane, a
renewable gaseous fuel. Annually, large amounts of U. lactuca are
washed up on shorelines where it decomposes, generating malo-
dours, and reducing the amenity of the bay. Green Tides (blooms
of U. lactuca) occur in shallow estuaries or bays, which are subject
to eutrophication from excess run off of nitrogen (Pedersen and
Borum, 1996) from non-point sources (septic tanks and spreading
of slurries on agricultural land) and point sources (sewage out-
falls). Mono-digestion of U. lactuca is difficult due to the high sul-
phur content and the low C:N ratio (Allen et al., 2013). The C:N
ratio was assessed at less than 10:1, which is significantly less than
the ideal range of 20:1–30:1 (Murphy and Thamsiriroj, 2012).

1.1. Worldwide use of algae

Algae may be split into two groups: micro-algae and macro-al-
gae. Both algae types were investigated as potential fuel sources
during the oil crises of the 1970s in Japan and the USA (NREL,
1998). However over the last 15 years research is dominated by
micro-algae biodiesel (Singh et al., 2011) whilst research on diges-
tion of digestion of micro-algae is very limited partly due to the
poor returns in biomethane production (Mata et al., 2009).

Research on macro-algae (or sea weed) receives less attention.
Digestion of macro-algae has been shown to produce significant
levels of biomethane (Ostgaard et al., 1993). Macro-algae may be
harvested from natural stocks (cast sea weed) or cultivated (Rob-
erts and Upham, 2012). The FAO (2002) reported that there was
approximately 1.29 million wet tonnes of macro-algae harvested
from natural stocks; this is about 1/8th of the 10.1 million wet ton-
nes of marine biomass cultivated (with a net value of $6 billion). In
2010 the FAO (2010) reported a harvest of 1.5 million wet tonnes
from natural stocks and 15.4 million wet tonnes cultivated.

Ireland, Denmark, France, Italy and Japan suffer greatly from
Green Tide and the associated deposition of U. lactuca (sea lettuce)
on the shore line. Anaerobic digestion of this resource is beneficial
to the marine environment and a source of third generation renew-
able gaseous biofuel.

1.2. Macro-algae as a source of gaseous biofuel

Biofuels from sugars, starches and oil crops may be considered
first generation biofuels. Biofuels from lingo cellulosic biomass and
residues are considered second generation. Biofuels from algae, are
considered third generation. There is a significant call to limit the
production of first generation biofuels; second generation biofuels
from lignocellulosic biomass (such as willow or Miscanthus) re-
quire agriculture land and are as such, still an issue in the food fuel
debate (Smyth et al., 2010). The energy balance of micro-algae bio-
diesel (due to the need to separate the lipids from the micro-algae
solution) is poor (EASAC, 2012).

0956-053X/$ - see front matter ! 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.wasman.2013.06.017

⇑ Corresponding author at: Department of Civil and Environmental Engineering,
University College Cork, Cork, Ireland. Tel.: +353 21 490 2286.

E-mail address: jerry.murphy@ucc.ie (J.D. Murphy).
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Seasonal	Variation	in	composition	of	Laminaria	Digitata	

TRL 4-5 Seaweed 
 
 



Seasonal	Variation	in	biomethane	yield	from	Laminaria	Digitata	
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Seasonal	Variation	in	A.	nodosum	
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Long	term	co-digestion	of	seaweed	with	dairy	slurry	



Cultivating	Seaweed	

29	

Position	adjacent	to	fish	farms,	protect	fish	from	jelly	
fish	

Increased	yields	of	seaweed	as	compared	to	pristine	
waters	

Clean	water	of	excess	nutrients	

Harvest	when	yield	is	highest	
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Higher	methane	yields	after	ensiling	can	
compensate	for	silage	fermentation	
losses.	
	
No	losses	in	methane	yield	occurred	
during	90	day	storage	for	4	of	5	species.	
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Curtailment and storage of variable renewable electricity 

33 

Wind capacity as a proportion of minimum demand in summer 2020 
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Audi E-gas at Wertle, Germany 
 

Food	waste		
biomethane	

Production	of	hydrogen	
in	6	MW	electrolysis	

Production	of	
methane	via	Sabatier	

1000	Audi	
NGVs	

Cascading	bioenergy,	circular	economy,	carbon	capture,	carbon	negative!	

 
 IEA Bioenergy Task 37 

Sabatier	Equation:		4H2	+	CO2	=	CH4	+	2H2O	



BIOENERGY	
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Sabatier	Equation:		4H2	+	CO2	=	CH4	+	2H2O	



Power to CH4 improve sustainability of 
biogas? 



S1: Conventional upgrading biogas to 
biomethane 
 



S3: H2 ex-situ upgrading biogas to 
biomethane 
 



Comparison of Sustainability of S1 & S3 
 

Base	case	80:20	Grass:	slurry	on	a	VS	basis;	2%	fugitive	CH4	losses:	41%	green	electricity	
Sequestration	of	2.2tCO2/ha/a	considered	



Green gas from electricity 
 





 “Unlocking the potential of our marine and 
renewable energy resources through the 

power of research and innovation” 


