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PREFACE
The learning scenario Biogas has been developed as part of the Erasmus+ project BioComp. In that
project, the most relevant competences for professions in the sector BBE are analysed, described
and ranked. See https://navigator.biocompetences.eu/. Based on these competences this learning
scenario has been developed for EQF-level 3-4. The focus is on technical competences.
Nr

Competences, ranked according importance

Modules

B1

Management - Identifying needs and mechanisms of the overall management of
the biogas production process.

1, 2

B2

Operate biogas plant - Operate equipment, which treats energy crops and waste
from farms, called anaerobic digesters. Ensure the equipment functions correctly
in the transformation of biomass to biogas, which is used for the generation of
heat and electricity.

1

B3

Resolve equipment malfunctions - Identify, report and repair equipment damage
and malfunctions; communicate with field representatives and manufacturers to
obtain repair and replacement components.

4

B4

Composting of organic waste (Biomass) - Identifying needs and technological
responses: to know the types of bio-waste, the recovery routes (composting,
digestion, incineration).

5

B5

Recycling - Identifying needs and technological responses - To know the circular
economy, compost processing and the use of fermentation.

1, 3

B6

Composting of organic waste (Biomass) - Identifying needs and technological
responses: to know the chemistry and biological processes of composting.

1, 5

B7

Bioconversion process - Identifying needs and technological responses - To assess
needs and to identify, evaluate, and control the heating process of biological
material, control the combustion process, know and be able to analyse the
chemical, thermal, and biochemical methods.

3, 5

B8

Composting of organic waste and management - Identifying needs and
technological responses - To assess needs and to identify, evaluate, and control
the heating process of biological material, control the combustion process, know
and be able to analyse the chemical, thermal, and biochemical methods.

5

These 8 most relevant competences are covered by the following 6 modules:

1.
2.
3.
4.
5.
6.

Circular economy
Introduction
Health and Safety
Maintenance
Malfunctions
Composting and disposal

Apart from these 6 text documents, the scenario also has a trailer and a WIKI with background
information. To support the teacher, didactic guidance is available. It can be used for all scenarios
and also includes suggestions for learning activities to develop personal and transversal
competences. For this guidance, see the Pedagogical Guidelines in the Navigator.
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MODULE 5

MALFUNCTION

1. Introduction to the module
During the operation of a biogas plant routine and non-routine works occur. Malfunctions belong to
the latter category. If these problems occur, they can inhibit the biological process of the plant and
have consequences on its production capacity and profitability.
If a biogas plant is not working or leads to problems with the process, the operator should
investigate or verify these factors.
a) Ammonia
It is produced during the digestion process. Factors such temperature, pH, and bacteria
acclimatisation influence the effect of ammonia on the process.
Favourable ammonia concentrations are below 2000 ppm or between 50-200 mg/L.
Concentrations between 1500 -3000 mg/L can inhibit the process and cause digestion failure.
b) Alkalinity
The capacity of water to neutralize acids in the biogas plant is alkalinity. It is measured in mg of
CaCO3/L. Favourable alkalinity levels are between 1500-5000mg/L. The buffering capacity of the
digester content influences the stability of the digestion process. It should also be noted that small
pH variations can affect methanogens.
c) Oxygen
The buffering capacity of the digester content influences the stability of the digestion process. The
anaerobic digestion process requires O2 levels below 0,1ppm in the environment.
d) Volatile fatty acids
Volatile fatty acids, or organic acids, show the health of the digester and their production varies
according to the quantity of solids supplied to the digester.
The operator should ensure levels below 2000 ppm. Higher levels can off-balance the biology of
the system and be toxic.
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e) Organic loading
The operator can measure organic loading based on mass or weight of volatile solids per unit of
digester volume per day.
The organic loading of anaerobic digestion systems can range between 1.6 and 6.4 kg/m 3 x d, or
100 and 400 lb/100 ft3 x d. In any case, however, the operator should supply the digesters at a
consistent and constant rate.
f) Gas production
Anaerobic digestion produces methane gas. The normal composition of digester gas is
approximatively 65% methane and 35% carbon dioxide.
The operator should verify the colour of the flame at the waste gas burner. If the flame is blue,
the digester produces quality methane. If the flame is yellow, the level of carbon dioxide the
digester contains is increasing. Too much carbon dioxide could hint at a digester process problem
and could cause a malfunction of the equipment.
g) Salt level
The anaerobic digestion process also produces salt. The operator should ensure sodium
concentration between 3500-5000 ppm.
h) Heavy metal
Heavy metal like copper can enter the digester because of industrial users. Traces of heavy metal is
beneficial for the anaerobic digestion process. However, a higher concentration can be toxic to the
process.
The soluble concentrations should be below at 0,5mg/L.
i) Temperature variations
The temperature in the biogas plant should be constant. E.g., mesophilic digestion should have
temperatures between 30°C - 38°C (max. 0,6°C variations) and thermophilic digestion between
50°C - 60°C.
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j) Foaming
The production of foam during the anaerobic digestion process can decrease its performance and
cause safety issues, damage equipment and/or structures.
The operator should pay attention to the mixing, temperature variations in the digester, and/or
incorrect or inconsistent supplying if there is foam. It should also be noted that the transfer of
filaments from the liquid process streaming to the digesters can create foam.
k) Mixing
The operator should mix the contents of anaerobic digesters to make sure the temperature stays
constant and that the supplied solids are well dispersed. The mixing should be good and thorough
for optimal operation. The operator should ensure a proper functioning of the mixers and pumps.
l) Struvite creation
Struvite is a magnesium ammonium phosphate compound (MgNH4PO4). It forms scale deposits in
anaerobic digesters and in the downstream dewatering system. When this happens, struvite can
cause maintenance problems, such as clogging pipes, valves, and heat exchangers.
The operator should pay attention to any deposits of struvite in the digester as they are also
difficult to remove.
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2. Problems, Causes, and Actions
Problems which can occur, their causes, and relevant actions to solve them [1].
Problems

Gas yield has
dropped

Methane
concentration
dropped

Foaming
problem

Most likely causes
•
•
•
•
•

Drop in quality of substrates
Drop in temperature
Compound inhibition
Non-homogenous substrates
Drop of methanogenic
bacteria

•
•
•

Drop in quality of substrates
Drop in temperature
Compound inhibition

•

A new substrate with high
protein content has been
added
Air is introduced to the
digestion
Temperature is changing

•
•
•

pH dropped

•
•

Feeding rate is too high or
variable
Operating temperature has
changed
Agitation is not working
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Recommended action
•
•
•
•

Assure substrate mixing and quality
Check heating system
Check level of potential inhibitor
compounds
Add digestate from another digester
if the methanogenic bacteria has
dropped

•
•
•

Assure substrate mixing and quality
Check heating system
Check level of potential inhibitor
compounds

•
•
•

Reduce or stop feeding
Analyse substrates
Reduce air introduction

•

Reduce substrates until system
returns to normal
Use only manure until system
returns to normal

•
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3.

Specific biogas plant examples and new media while dealing with malfunctions

Each biogas plant is specific. The use of measurement and control systems ensure a constant and
automatic control of relevant process parameters. The reaction to malfunctions includes especially
structures of energy and heat recovery, apart from the actual biogas production process.
In the biogas plant in Bad Köstritz/Germany, which uses per year 60.000 t of unpacked and packed
bio waste from, e.g., supermarkets and restaurants, biogas is produced. The usable biomass is
sanitized after processing and storage. To kill potential pathogens, the biomass is heated to a
temperature of 70 ° C for at least one hour. After homogenization, the biomass goes to the main
fermenter, in which most of the organic material is broken down into biogas at a temperature of
approx. 42 ° C. The biogas produced is then fed to the gas storage facility, which is located on the
post digester. The biogas is then desulphurized and dehumidified. After passing through the
activated carbon filter, the biogas is fed to the combined heat and power plants to generate
electricity and heat. The solid and liquid fermentation residues are used as organic fertilizers in
agriculture. The heat produced is used to supply a neighbouring chemical plant with steam. The
generated electrical energy is completely fed into the public power supply network.
Picture 1. Biogas Plant in Bad Köstritz

The evaporator is used to recover process heat. Below is an image of the evaporator. The task is to
implement new technology to support the troubleshooting in the biogas plant especially during
weekends to provide hands-on support as well as to provide the knowledge of causal chains to the
workers when fixing malfunctions.
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Picture 2. Evaporator

NOTE ON NEW MEDIA USE:
The demand for real time support and hands-free use has led to smart glasses or Augmented
Reality glasses as a suitable option. Augmented Reality is the choice for instruction-led sessions for
the provision of technical skills and the provision of professional knowledge by involving an expert
(remote support). This rather simple application involves no software programming as a readymade app, which is installed on the smart glasses, like Microsoft HoloLens 2 or Vuzix Blade,
provides the demanded capabilities to enrich a live video stream with simple Holograms. This
ensures the audio-visual instruction from expert to worker/learner.

Microsoft HoloLens 2

Vuzix Blade

To access the AR capabilities of a pair of smart glasses or a smart phone, relevant apps must be
installed. According to different operating systems, Microsoft HoloLens 2 (Windows) or Vuzix
(Android), certain apps are available. They are accessible on a subscription basis (e.g,. 50€/month).
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The use of the relevant hard and software ensures live support (”Augmented Reality based Remote
support”) while dealing with malfunctions at the evaporator.

The result is the annotation of live video streams with simple holograms (Remote Training).
Picture 3. Annotation of a video stream with holograms (view through smart glass HoloLens 2)

Scan the QR code below with your smartphone camera or an QR-code
reader app to access the video.
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4.

Notes on malfunctions and accidents

Organizational, management-specific, and human errors play a large part in the chain of causes for
operational disruptions and incidents, as studies across Europe have shown. Safety management is
a prerequisite for ensuring a high level of plant safety and accident prevention regarding
organizational measures and human behaviour.
A malfunction can be locally limited or could lead in the worst case to an accident. Therefore,
relevant measures must be in place. They include [2]:
-

Fire
Explosion / deflagration
Mechanical defects (e.g., break in gas line, defect in gas storage, defect in equipment,
steps, ladders, platforms)
Digestate leakage (e.g., broken substrate line or container, incorrect operation of fittings,
overfilling of transport vehicles)
Power failure (e.g., standstill agitators)
Feed-in failure (shutdown of the biogas plant in a non-safe state or build-up of an
impermissible pressure in the system)

In the event of deviations from the intended use, the primary goal is the return of the system –
through technical and / or organizational measures – to the intended and safe operating condition.
If this return fails, at least the effects of the disturbance are to be limited as far as possible. This is
supposed to be done by an appropriate hazard prevention organization, which is documented as
part of the emergency planning and with whom there is involvement or coordination with the
authorities responsible for hazard prevention. For this purpose, inter alia, create the following plans
and instructions:
-

Procedural instructions in the event of gas release, substrate leakage, power failure, etc.,
Operational responsibilities in the event of an incident,
Escape and rescue plans,
Alarm plan with alarm addresses (reporting system),
Fire brigade plans,
Establishing regular emergency exercises for the relevant staff together with the
responsible local fire brigade.
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5.

Quiz

This module contains a quiz. The quiz can be answered on-line, by using QR code below.
The student receives per question an answer of either correct or incorrect and has to
correct each wrong answer before proceeding to the next question.

(Scan with your Smartphone camera / QR Code reader app to access the quiz)
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1. A malfunction is an accident?
a. Yes
b. No
Answer: b
2. Anaerobic digestion requires O2 levels of?
a. 0 ppm
b. Below 0,1 ppm
c. Above 0,2 ppm
Answer: b
3. High ammonia (NH4) concentration of 1500-3000 mg/l lead to?
a. Bad odour
b. No effect
c. Digestion failure
Answer: c
4. A high CO2 content can result in? (Multiple answers)
a. Digestion problems
b. Malfunction of equipment
c. Higher methane (CH4) levels
Answer: a+b
5. Reasons for a biogas yield drop are? (Multiple answers)
a. Drop in quality of substrates
b. Drop in temperature
c. Drop of methanogenic bacteria
Answer: a+b+c
6. What are relevant actions to prevent a (further) dropping of the biogas yield? (Multiple
answers)
a. Assure substrate mixing and quality
b. Check heating system
c. Add digestate from another digester if the methanogenic bacteria drops

Answer: a+b+c
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7. What are reasons that the methane concentration drops? (Multiple answers)
a. Drop in quality of substrates
b. Drop in temperature
c. Compound inhibition

Answer: a+b+c
8. How can a methane concentration drop be stopped? (Multiple answers)
a. Assure substrate mixing and quality
b. Check heating system
c. Check level of potential inhibitor compounds

Answer: a+b+c
9. What actions are reasonable to stop foaming? (Multiple answers)
a.
b.
c.
d.

Reduce or stop feeding
Reduce air introduction
Analyse substrate
Add water

Answer: a+b+c
10. What are relevant actions to stop a pH value drop? (Multiple answers)
a. reduce substrate until system returns to normal
b. use only manure until system returns to normal
c. Shut off the plant and start up again after 1 day

Answer: a+b
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6.

Sources

[1] Troubleshooting in Biogas plants (https://www.biogasworld.com/biogas-plant-troubleshooting/,
accessed, 18.05.2021)
[2] Biogashandbuch Bayern – Materialienband, Kap. 2.2.8, Stand Februar 2018.
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