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IEA Bioenergy Task 37

IEA Bicenergy: Task 37: 2018:8

THE ROLE OF ANAEROBIC
DIGESTION AND BIOGAS
IN THE CIRCULAR ECONOMY

How do we account for the social and environmental benefits of
anaerobic digestion?

Anaerobic digestion is not merely a source of renewable energy.

It can not be compared to a wind turbine or PV array.

Anaerobic digestion is a means of treating waste, is a means to
reduce greenhouse gas in agriculture and in energy.

It is a source of biofertilizer, through mineralisation of nutrients in
slurry to optimise availability.

It is a means of protecting water quality in streams and aquifers.

It is a source of renewable dispatchable electricity, heat and of
advanced gaseous biofuel.
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Ireland has 8% of EU cattle herd and less than 1% of the population




Greenhouse gas savings thresholds in RED Il

Plant operation start date Transport biofuels Transport renewable fuels of Electricity, heating and
non-biological origin cooling
After October 2015 60% - -
After January 2021 65% 70% 70%
After January 2026 65% 70% 80%

RED Il states that perennial rye grass is an advanced biofuel counted at twice its energy content

The contribution of advanced biofuels and biogas produced from the feedstock listed in Part A of Annex IX shall be at
least 3.5 % in 2030.

Annex IX Part A. Feedstocks for the production of biogas for transport and advanced biofuels, the contribution of which
towards the minimum shares referred to in ..Article 25(1) may be considered to be twice their energy content:

This includes (p) “Other non-food cellulosic material” whose definition includes: (42) grassy energy crops with a low

starch content, such as ryegrass, switchgrass, miscanthus, giant cane;
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IEA Bioenergy Task 37

IEA Bioenergy: Task 37: 2017: 12

Open slurry storage emits 17.5% of methane

At 2% methane slippage:

e Biomethane from slurry GHG negative feedstock
(—250 g COZ/MJ) TiGRpSH

e Biomethane from 20% Maize and 80% Slurry GHG _—
still negative

20% Maize 80% slurry

Carbon Intensity (Cl)

for a dairy waste to
vehicle fuel pathway.

California Air Resources
Board (CARB) awarded a

score of -255 gC0O2e/MJ
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Carbon Efficient Farming

BIOGAS IN SOCIETY ORGANIC BIOGAS IMPROVES
A= st NUTRIENT SUPPLY

KROGHSMINDE BIOENERGY I/S, DENMARK

Table 1: Inputs to the organic biogas fadlity at Kroghsminde

Bioenergy I/S, Denmark
Organic grass silage st/d
Com 4t/d
Organic poultry manure 1t/d
Horse manure td
Organicsilage (horse bean, lupine, barley /ryegrass) | 2t/d
Organic deep litter gt/d
Organic cattle slurry 48t/d
Total 69t/d

The farm produces milk from 140 cow and crops on a 450 hectare farm. The digester converts high dry
matter content bedding material to a liquified organic fertilizer, the only source of fertilizer.
Milk produced is assessed as GHG negative at -0.82 kg CO2/ | produced.

IEA Bioenergy Task 37
IEA Bloenamgy: Task 37: February 2013
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Facilitating a future green gas grid though the
production of renewable gas
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IEA Bioenergy

1EA Bosnergy: Task 37: 2018: 2

6 European gas grids have committed to 100% green gas in the gas grid by 2050

Renewable
Products




BIOGAS IN SOCIETY GREEN GAS HUB

A Case Story

Provision of biogas by farmers by pipe
to a Green Gas Hub with a centralised
upgrading process

Figure 2:gas upgrading
membranes at the Wijster
green gas hub

Year of
installation

1989

:lc:utet:bing 1000 700 2012
560

Membrane 800 (plus liquid CO,) 2014

Table 1: Attero’s gas refining installations at Wiister

IEA Bioenergy Task 37

IEA Bloenergy: Task 37: Aprll 2017
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Waste Management 33 (2013) 2425-2433

Contents lists available at SciVerse ScienceDirect
Waste Management

journal homepage: www.elsevier.com/locate/wasman

The potential of algae blooms to produce renewable gaseous fuel
E. Allen? J. Browne® S. Hynes?, ].D. Murphy *>*

* Environmental Research Institute, University College Cork, Cork, Ireland
® Department of Civil and Environmental Engineering, University College Cork, Cork, Ireland
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Bioresource Technology 209 (2016) 213-219

Contents lists available at ScienceDirect ’
m HN()l(X Y

Bioresource Technology

ELSEVIER journal homepage: www.elsevier.com/locate/biortech

The effect of seasonal variation on biomethane production from seaweed @c,o,,mk
and on application as a gaseous transport biofuel

Muhammad Rizwan Tabassum?, Ao Xia °**, Jerry D. Murphy **

“ MaREI Centre, Envir | Research Insti University College Cork, Cork, Ireland
®Key Laboratory of Low-grade Energy Utilization Technologies and Systems, Ch ing University, Ch ing 400044, China
“School of Engineering University College Cork, Cork, Ireland
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Algal Biogas
Cultivating Seaweed

PROCESSING PLANTS, HOLOING SPACES, Position adjacent to fish farms, protect fish from jelly

LIVING QUARTERS, BUOYANCY CONTROL
AND NAVIGATION .
fish

Increased yields of seaweed as compared to pristine
waters

ﬂ’, oy

T~ Ry ' msmou xumc rnomtsou .
NN % / - Clean water of excess nutrients

POLYPROPYLENE LINES .

SU"ORYING '%ii\ SIRUCYURAL MEM@ \
. "'\ \\\ (AID NUTRIENT OISTRIIU‘IIO_N SV?YEM) . . )
‘ﬁwumumcmt NS Harvest when yield is highest

Figure 1. Conceptual design of 405 ha (1,000 acre) ocean food and energy farm
umt (Leese 1976) 50urce Dav:d Chynoweth,

13




NMicroalgal Cultivatiomn inm
Treating Liuid Digestate from
Siogas Systerms

1,3,=

Ao Xia'® and Jerry D. Murphy

Upgrading Biomethane Area requirement for liquid
Biogas digestate treatment
CHP T » Electricity Land application
/i\ | Microalgal cultivation
AD ' - -
co, Biochemicals
Biofuels
¢ Microalgal biomass
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Soil conditioners
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Trends in Biotechnology
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Food waste Production of hydrogen  Production of 1000 Audi
biomethane in 6 MW electrolysis methane via Sabatier NGVs

Sabatier Equation: 4H, + CO, = CH, + 2H,0

Cascading bioenergy, circular economy, carbon capture.



Electro fuels

Bioresource Technology xxx (2016) xxx-Xxx
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BIORESOURCE
TECHNOLOGY

Contents lists available at ScienceDirect

Bioresource Technology

" G
ELSEVIER journal homepage: www_elsevier.com

Study of the performance of a thermophilic biological methanation system

Amita Jacob Guneratnam®, Eoin Ahern®, Jamie A. FitzGerald®®, Stephen A. Jackson?, Ao Xia®,
Alan D.W. Dobson?, Jerry D. Murphy * > *

2 The MaREI Centre, Envir tal Research Instii University College Cork, Ireland

® School of Engineering, University College Cork, Ireland

© Key Laboratory of Low-grade Energy Utilisation Technologies and Systems, Chonggqing University, Chongging 400044, China
4 School of Microbiology, University College Cork, Ireland
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Electro fuels

Renewable Energy 131 (2019) 364-371

Renewable Energy Electricity
Costs

C lists ilable at Sci Direct

Renewable Energy Methantion

FISEVIER journal homepage: www.elsevier.com/locate/renene

The effect of electricity markets, and renewable electricity )
penetration, on the levelised cost of energy of an advanced electro- e

fuel system incorporating carbon capture and utilisation

Shane McDonagh * "¢, David M. Wall *-°, Paul Deane *®, Jerry D. Murphy * >
2 MaREI Centre, Environmental Research Institute, University College Cork, Irdand

® School of Engineering University College Cork, Ireland
<Gas Networks Ireland, Cork, Ireland Fig. 3. Breakdown of the system LCOE into its components for 2020 base scenario.
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Fig 7. Change in LCOE with increasing run hours and a fixed cost of electricity of €35/
Fig. 3. Cumulative number of hours for which electricity is available at a given SMP. MWeh.




Applied Energy 247 (2019) 716-730

Contents lists available at ScienceDirect

Applied Energy

Jjournal homepage: www.elsevier.com/locate/apenergy

Are electrofuels a sustainable transport fuel? Analysis of the effect of
controls on carbon, curtailment, and cost of hydrogen

Shane McDonagh™”“*, Paul Deane™’, Karthik Rajendran™’, Jerry D. Murphy™”

* MaREI Centre, Environmental Research Institute, University College Cork, Ireland

® School of Engineering, University College Cork, Ireland

©Gas Networks Ireland, Cork, Ireland

“ Department of Environmental Science, SRM University-AP, Amaravathi, Andhra Pradesh, India
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GREENING THE GAS GRID
IN DENMARK
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Total gas consumption in Denmark . Total potential of green gas in Denmark

Figure 1: Gas consumption and potential of green gas in
Denmark (from Green Gas Denmark)

Figure 2:Grid connections for green gas in Denmark (yellow marks indicate connections
established in 2017)

IEA Bioenergy Task 37
1EA Bioenargy: Tk 37: Fobrsary 2019

Figure 3: Holsted Biogas Plant,
producing 20.7 million m? gas /
year. Source: Nature Energy

Denmark which at present has c. 10% renewable gas (with an equal amount going to CHP) intends decarbonising
the gas grid with 72PJ of renewable gas by 2035. Addition of Power to Gas systems could see a resource of 100 PJ
which would be in advance of gas demand.



Table 1: INPUT

IEA Bioenergy Task 37 BIOGAS IN SOCIETY .
= A Gase Story from Green line
|IEA BIOENERGY TASK 37 .
“Energy from Biogas” Animal slurry

Animal manure
Dairy waste

Potato pulp
MAABJERG BIOGAS PLANT Yeast cream

Abattoir waste
OPERATION OF A VERY LARGE SCALE BIOGAS PLANT IN DENMARK X

Total green line

Industry line

Wastewater sludge
PUBLISHED: JUNE 2014

’ - Flotation sludge
Figure 1: General view of Maabjerg BioEnergy Plant, Total industry line

(Photo: Maabjerg BioEnergy) Total input

Table 2: OUTPUT

Green line
Denmark set a target for 50% PR
slurry digestion by 2020 and has Industry line

Sludge (30 % TS)

Biogas utilisation

Vinderup Varmevaerk (District heating)
Mabjergvaerket (District heating)
Maabjerg BioEnergy

Total industry line
Biogas total

already met this

Source: Maabjerg BioEnergy

collection of diffuse sources of slurry

Flgure 2: The area of animal slurry collection around the biogas plant,
with the average radius of 20 km. Source: Maabjerg BioEnergy

tons/year
460.000

20.000
120.000

15.000
15.000
10.000
640.000

tons/year
75.000

10.000
85.000

725.000

tons/year
550.000
40.000

tons/year
10.000

m?/year
7.500.000
3.500.000
7.000.000

85.000

18.000.000

Pipeline systems consist of double pipes; slurry from collection tanks to
digester and sanitized biodigestate from digester back to collection point.
Piping system reduces the need for 50 — 70 deliveries per day and facilitates



Transport TFC 2017 60:40 Volatile Solids (Silage: Slurry)
% Improved herbage utilisation in
90 H H
beef and dairy grazing 2.
85 ||
80 Calculated for each ED.
75
70
65
60
55
50
2
45
40
35
30 —_—
25
20
—
15
10
5 — ] I
0 I
Road Freight Road Light Road Private Public Rail Domestic  Intemational Fuel Tourism  Navigation  Unspecified Waste Grass Silage  Grass Silage  Grass Silage  Grass Silage  Grass Silage Willow. 11no.  Seaweed  Power to Gas
Goods Vehicle Car Passenger Aviation Aviation Biomethane and Slurry.  and Slurry.  and Slurry.  and Slurry.  and Slurry. 50MW at distilleries
Services 100% Slurry ~ 80% Slurry ~ 60% Slurry ~ 40% Slurry ~ 20% Slurry  gasificaiton and WWTPs
used used used used used plants
W Gasoline W JetKerosene " LPG Gasoil / Diesel /DERV B Natural Gas B Liquid Biofuel
W Electricity B Waste Biomethane M Grass Silage and Slurry. 100% Slurry used B Grass Silage and Slurry. 80% Slurry used W Grass Silage and Slurry. 60% Slurry used M Grass Silage and Slurry. 40% Slurry used
1 Grass Silage and Slurry. 20% Slurry used o Willow. 11no. 50MW gasificaiton plants Seaweed Power to Gas at distilleries and WWTPs B Biomethane From Power to gas

2 Mceniry, J. et al., 2013. How much grassland biomass is available in Ireland in excess of livestock requirements ? Irish Journal of Agricultural and Food Research, 52, pp.67—80. Available at: http://t-stor.teagasc.ie/bitstream/11019/451/1/ijafr_67-80.pdf.



Modeling and Analysis

Can grass biomethane be an
economically viable biofuel for
the farmer and the consumer?

Beatrice M. Smyth, Environmental Research Institute (ERI), University College Cork (UCC), Ireland
Henry Smyth, Bord Gais Eireann, Cork, Ireland
Jerry D. Murphy, ERI, UCC, Ireland

Base case (€c kWh')?

Reduced operating costs and
depreciation (€c kWh™)®

50%G 30%G NG 50%G 30%G NG
Break-even price of biomethane injected to grid 10.0 10.8 12.1 6.7 75 8.8
Cost of compression to 250 bar + filling station® 1.1 141 1.1 1.1 1.1 141
Break-even price of compressed biomethane 1.1 1.9 13.2 7.8 8.6 9.9
- including 21% VAT 13.4 144 16.0 9.4 10.4 12.0
- including 21% VAT (€ m™®) 1.37 1.47 1.63 0.96 1.06 1.22
“Excludes farming subsidy.

bIncludes farming subsidy (€461 ha™).
°Estimated from values in the literature’ and discussions with industry.

1 m3CH, = 10 kWh= 1L diesel equiv9.9 ¢/ kWh =99 ¢/ m3CH,

As a rule of thumb the following is used in Sweden and Germany:

* 22c/m3 biomethane to make biogas,
* 22c/m3 to upgrade to biomethane,

* 11c/m3 biomethane to compress and 11c/m3 biomethane to distribute.
* Thisis 66¢/m3 biomethane or 66¢/L diesel equivalent or 6.6¢/kWh.

If you buy all the feedstock this rises. Say €35/ t silage (silage @ 28% VS and 380 m3 CH4/tVS = 106 m3 CH4/ t;) adds
33¢c/ m3. This would lead to an overall cost of 99 ¢/m3 or 9.9 ¢c/kWh. This should be lowered as we do not see 100%

mono-digestion as a good model.

On the other hand for food waste there is a decrease in cost; (say 28% VS and 380 m3/tVS =) 106m3 CH4/t with a gate
fee of €35/t drops the cost by 33¢/m3 to 33¢c/m3 biomethane or 3.3 ¢/kWh
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. How do we cost the asset value associated with the circular economy benefits of anaerobic
digestion? Biogas systems include for waste treatment and can help decarbonise agriculture. The
by-products include for organic biofertilizer & green CO2. Biogas systems improve both ground
water and surface water quality. One third of Irish wells are contaminated.

. The EU requires 3.5% advanced biofuel by 2030. Biogas produced from perennial rye grass is a
viable commercially available advanced biofuel, which is cheaper than other advanced biofuels
such as FT diesel. This is particularly important for haulage and coaches as there are few
alternatives to decarbonise this sector of transport.

. Grass and slurry in a 60:40 VS ratio results in a 80% GHG savings. This allows compliance with the
65% and 80% GHG savings required by the RED for transport and heat respectively.

. The cost of biomethane varies between 33 to 99 c/L diesel equivalent (3.3 to 9.9 ¢c/kWh)

. Policy such as the Danish target of 50% digestion of slurries by 2020 can increase the slurry
resource significantly. 80% of the geographical specific resource of grass and slurry is available
within 25 km of the gas grid. With power to gas we can generate 40 PJ/a (in excess of HGV
demand)
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