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biogasmax Overview

Biomethane facts

Biomethane production & processing
— Feedstock for AD or Landfill gas

— Pre-treatments

— Post-treatments (upgrading)

Residues

Distribution, storage fuelling
iInfrastructure

Vehicles and engine technology
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biogasmax

Biomethane facts

A DRIVING FORCE

Biogas can be produced from a variety of feedstock:
waste and by-products which have to be treated
such as sewage sludge, municipal bio-wastes, and
waste from the agro-food sector;

Even if biogas is not the priority biogas production is
a way to improve environmental efficiency of waste
treatment processes,;

Upgraded biogas forms biomethane. This is similar
to natural gas, therefore existing CNG infrastructures
and vehicles can be used.

Biomethane can help with security of supply and the
natural gas grid could be used to transport this
sustainable energy source.
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biogasmax Biomethane facts

A DRIVING FORCE

Benefits as a vehicle fuel include:

— Reduced GHG impact, since fossil
gasoline and diesel are replaced by a e
renewable fuel with low or even negative =58
GHG emissions;

— Lower emissions, since gas fuelled
vehicles can emit less nitrogen oxides,
particulates and hydrocarbons than
gasoline or diesel (depending on Euro
standard);

— Lower noise from HDV gas engines;
— Reduced dependence on oil and better fuel
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biogasmax Overview of Pathway
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Biomethane may Eiﬂ-‘-';?:rtnﬁ :a'ﬂrll'::t!:

be used in all forms

of vehicles with s, : biteh mstaurrélnts.
spark ignition and S e tc Bﬂﬂf ga El:ﬁn
compression ignition . \ arms etc.
engines designed to

run on a combination *
of diesel and methane.
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biogasmax Feedstock
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Most common basis for biomethane production is
biomass:. organic products, by-products and
waste streams, including:
— Sewage sludge (waste water treatment) ppiif
— Wet and dry animal manures '
— Waste and by-products from forestry PS> =
— Waste (plant and animal) from food processing
— Organic elements of municipal solid waste

— Food waste from restaurants

— Household kitchen and garden waste

— Energy crops
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- Boras in Sweden

biogasmax
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Residents of Boras sort waste:

— Biodegradable waste is collected in
black bags;

— All waste that remains after
separation of hazardous, electronic
and recyclable waste is collected in
white bags.

— Bags are collected together but an
optical reader ensures that only black
bags go to biogas production section.

— Bags are then crushed and the
remains are screened for non- Bio-Tonne
biodegradable elements. -- |
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Landfill gas

b/ogasmax
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Waste product that Is extracted from
landfills where it s produced from
organic and non-organic solid wastes

Often used for electricity (and heat)
oroduction in near-raw form

Jsing landfill as feedstock source for
niomethane production requires attention
to composition of gas

Avoid or remove oxygen and hazardous
components
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biogasmax Pre-Treatment
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Quality of feedstock has effect on composition of
biogas and amount of methane that will be
produced

— Non-organic waste removed

— Shredding or maceration to optimum size

— Mixing different inputs to a consistent state

— Adding water or other liguids from AD process

Cleaning may be needed to avoid presence of
pathogenic substances

— Sewage sludge, manure and feedstock containing
animal by-products need heat to 70 C for 1 hr min

— Each country has rules for handling different
H categories of waste
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AD plant technology

Anaerobic digestion is the breakdown of organic
materials by bacteria in a oxygen-free environment
(sealed vessel):

— Low or high solid digesters

— Single or multi-stage systems

— Mesophilic or thermophilic systems

— Batch or continuous flow

Traditional digesters were low-solid, single stage
mesophilic (LSSS)

Multi-stages and thermophilic processes speed up
process and can optimise gas yield (LSMS)

High-solid digesters broaden feedstock range (HSSS)
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Managing digestion process

Temperature: of feedstock and
its distribution In digester, aided
by waste heat from CHP

pH levels: keep between 6.4
and 8.2, by adding chemicals if
necessary

Organic Load Rating:
exceeding capacity of digester
can inhibit gas production

C:N ration: optimum for gas
production between 20:1 and
30:1 (nitrogen).
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Gas potential

High / Low

Estimated vields by feedstock

Sewage sludge
Animal manure (cattle, pig, chicken)
Animal by-products

Food waste (commercial, food)
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Gas potential

Efficiencies of AD plant design / feedstock

— Sewage treatment digesters produce 100m? biogas
or less, per tonne of input materials

— Modern digesters treating mixed municipal waste
can produce 300ms3 per tonne or more

— However only a % of biogas is methane.

Gas potential of feedstock a combination of:
— Feedstock used (Total volatile solids);

— Operating conditions (temperature,

retention time, pH..);

- AD plant technology;
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Biomethane potential
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Outputs from anaerobic
digestion

Main output = biogas containing
about 50-70% methane
Other by-products include:

— Digestate for use as fertilizer or soil-
replacement

— Carbon dioxide
— Heat
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Generic AD plant cost
estimates

30kt/year of feedstock designed for agricultural wastes and
energy crops —typically feed by 1-2 farms;

30kt/year of feedstock designed for food, MSW and ABP
compliant —typical system for farm and commercial waste,

60kt/year of feedstock designed for farm waste and energy
crops —co-operative plant developed between several farms.

60kt/year of feedstock designed for food, MSW and ABP
compliant —typical for municipal waste treatment site.
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Post-treatment (Upgrading)

To obtain fuel for vehicles, the biogas
needs to be transformed or upgraded into
biomethane

Often using a 2-step process:

— Carbon dioxide is removed from biogas; then

— siloxanes, water vapour, hydrogen sulphide as
well as nitrogen and pathogenic substances.

Common methods include water scrubbing,
pressure swing absorption (PSA)

Cost of removing CO, Is one factor In
decision whether to upgrade biogas to
biomethane (e.g. 10p per kg CH,)
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Upgrading methods
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Biomethane distribution,
storage & fuelling

Several distribution methods:

— Compressed for a dedicated pipeline

— Introduced into the existing natural gas
grid

— Liquefied or compressed and then trucked
to a fuelling station

Compressed (CNG), liquefied (LNG) or
C-LNG

Fast-fill or slow-fill fuelling
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Biomethane In vehicles

Over 40 manufacturers worldwide produce
factory built NGVs:

— Original equipment manufactured can perform better
as designed to run on methane, although
conversions can offer advantages;

— OEM NGVs have been in serial production since
early 1990s

Costs of operating gas vehicles comprise:
— Vehicle cost

— Maintenance cost

— Fuel cost

Environmental benefits for CO,, and
potentially NO, and PM
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Biomethane In vehicles

Most internal combustion engines

(whether for light duty cars, heavy-

duty trucks or off-road applications)

can be made to run on methane:

— Gasoline engines modified to run on
methane (OEM), or converted after

market = natural gas vehicles (NGV),
often bi-fuel;

— Dedicated gas engines (gas only),
generally used in Heavy Duty Vehicle;

— Diesel-biomethane dual-fuel HDV
conversions, enable c. 80% replacement

of diesel by gas
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What other types of
vehicles?

. 25
BIOGASMAX Training



Biomethane vehicles

Natural gas vehicles are ideal for A=
Indoor operation e.g. forklifts and ice- 155
cleaning

Railway applications: mostly used in
demonstrations but could be large
potential for NGVs due to huge
amounts of fuel used by locomotives

Boats, e.g. canal boats for tourist
trips, with the additional benefit of low
noise pollution, LNG for ships In
Sweden
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Vehicle comparison
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Vehicle comparison
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