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SCIENTIFIC COMMITTEE BACKGROUND

Scientific committee

V.. Conference on CMP
DBFZ Deutsches Biomasseforschungszentrum, Leipzig, DE M o n ito ri ng & Process cont roI

Dr Fabian Jacobi

[ ] [ ] [ ]
Hessian State Laboratory (LHL), Landesbetrieb Hessisches Landeslabor, Gieflen, DE Of AnaerOb I c D I gest I On PIa ntS

Dr Sabine Kleinsteuber
Helmholtz Centre for Environmental Research - UFZ, Leipzig, DE

Background

Prof Jerry D Murphy

University College Cork, UK Anaerobic digestion is a complex process of subsequent and interacting degradation steps.
The requirements and standards for the operation of biogas plants are changing due to

Dr Jean-Philippe Steyer requirements of the legal side and security of supply. Thus, a precise control of this complex

LBE - INRA Narbonne Laboratory of Environmental Biotechnology, FRA biological process is crucial to make the biogas production process more efficient, reliable
and profitable.

Dr Hinrich Uellendahl Currently there is a growing need for flexibility regarding the substrate, energy and material

Aalborg University, DK provision (polygeneration). Thus, challenges increase for operation, monitoring and control of
biogas facilities in all dimensions. Novel and optimized process monitoring and control sys-

Dr Alastair James Ward tems are necessary to improve the performance of anaerobic digestion.

Aarhus University, DK The IV. CMP International Conference on Monitoring & Process Control of Anaerobic Diges-
tion Plants focuses on the requirements of measurement tools, best practices and practically

Prof Christian Wolf implemented applications of monitoring and control devices.

TH Kéln, DE Stakeholders in the biogas sector will have the opportunity to meet, exchange experience and

get information on newest solutions to optimize the efficiency of anaerobic digestion plants
from experts in the biogas field at an international level.

The IV. CMP conference is organized by

» the Research Network “Biomass energy use” of the German Federal Ministry of
Economic Affairs and Energy,

» the German Biomass Research Centre (DBFZ Deutsches Biomasseforschungszen-
trum gGmbH),

» the Helmholtz Centre for Environmental Research (UFZ), and

» the Hessian State Laboratory (LHL)

Topics of the conference at a glance

» Modelling & simulation for process control
D Y S » AD*: Control of coupled processes and demand-oriented production
z (‘.15 » Information & communication technology (ICT) and digitalization within AD pro-

A0 ABS‘RP‘N‘ \O“S cesses
£S

E““ » Laboratory measurements: Reliability & validity
29 ?R "E » Practical experience of process monitoring and control
\5 POS R\ES » Microbiological analysis in monitoring & process control of AD plants
C()\“‘“ » Measurement technology: Sensor development & application
» Plant efficiency: Monitoring & control of the plant efficiency

WIFI » Monitoring for safety & emission reduction purposes

Network: KUBUS We wish you a most successful, enriching and instructive discussion, but also an enjoyable
Password: Plastikreduzierung2019 conference, and a very pleasant stay in Leipzig.

The organizers
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ABSTRACTS

ABSTRACTS

LABORATORY MEASUREMENTS: THE ACHILLES” HEEL FOR THE ANAEROBIC DIGESTION OF COMPLEX SOLID SUBSTRATES

francisco Raposo Bejines
Laboratory measurements: The Achilles” heel for the
anaerobic digestion of complex solid substrates

.# Analytical methods, chemical oxygen demand, fat, fibre, moisture, protein

Background/motivation

The solid substrates are characterized using a few analytical methods to provide information
about the content of water/ash and also for the overall organic matter (volatile solids and
COD). In addition, it is usual to include more specific organic composition in form of the con-
tent of fat, fibre and protein. These determinations are carried out by wet chemistry methods
that can be classified as empirical methods. Therefore, the results are obtained by indirect
measurement of the analyte of interest and unfortunately, the results are in part or in whole
dependent on the conditions of the assay.

Aim of the work

Since the anaerobic digestion community has not yet come to a consensus on what empiri-
cal method is best suited for the analysis of solid substrates, many different empirical meth-
ods are used among laboratories and even within a single laboratory. This situation provides
some lack of reliability in the analytical results due to the frequent significant variation
among different laboratories.

Key research topics and novelty

This proposal is not a specific research study. It can be considered as a summary of the trou-
bles found at the routinely laboratory work to determine the content of ash, COD, fat, fibre,
moisture and protein. Also some recomendations can be provided to the most applicabble
analytical methods used in the characterization of solid substrates for anaerobic digestion
procedures.

Francisco Raposo Bejines

Instituto de la Grasa-CSIC Contact
Campus Universidad Pablo de Olavide, +44 (0) 954611550
Edificio 46 Carretera de Utrera, Km 1, 41013 Seuvilla, fraposo@cica.es

Spain




POTENTIAL OF PREDICTING KLASON-LIGNIN IN DIGESTATES BY CALORIMETRY

Torsten Stefan’, René Casaretto?

Potential of predicting Klason-lignin in digestates by calorimetry

# Digestates, Klason-lignin, gross calorific value, efficiency

Evaluating the efficiency of the digestion process of biogas plants based on energy inher-

ent in the used biomass seems advantageous for comparison with other biomass conver-
sion processes. However, for process optimization of anaerobic digestion it is necessary to
quantify the portion of energy in substrates and/or digestates, which can be anaerobically
converted to biogas.

Digestates from agricultural biogas plants typically contain lignin as anaerobically non-degra-
dable organic matter. Therefore, it is necessary to know the energy content of the lignin and
non-lignin portion to calculate the anaerobically available residual energy potential of diges-
tates. Idea of this work is to predict the lignin content from the same calorimetric measure-
ment, which is used to calculate the total energy of the material streams. This idea is based
on the fact, that lignin has a distinctly higher calorific value than the residual polysaccharide
fraction (hemicellulose/cellulose fibres).

According to our previous research, the content of acid detergent lignin (ADL) in digestates
can be predicted by gross calorific values (GCV) in the studied range from 0.03-0.36 [kg/kg-
ODM] with an accuracy of + 0.086 [kg/kg-ODM] (+ 2*RMSECV) by a linear regression model,
adj. R2=0.89 (Study submitted to Biomass & Bioenergy is in review process). However, Jung
etal.(1999) reported, thatthe ADL-method underestimates the total lignin content, otherthan the
Klason-method. So the aim for the present study was to try the Klason-method for the deter-
mination of lignin to improve the estimation of lignin from gross calorifc values.

Digestate samples from 34 commercial scale biogas plants were analysed for dry mat-

ter (DM), organic dry matter (ODM), gross calorific value, Klason-lignin (KL), water- and
ethanol-soluble extractives and residual biomethane potential. Thirty of these samples were
additionally analysed for (lignocellulosic) sugars in the hydrolysate from the Klason-lignin-
extraction. Several uni- and multivariate linear regression models based on both DM- and
ODM-specific parameters were tested for correlation with the Klason-lignin content. Informa-
tion about the substrate composition and the hydraulic retention time of the sampled biogas
plants were used additionally in some models.

Correlation between KL and GCV was significant, but low with adjusted R2 = 0.14 (ODM-
based). RMSEcv for prediction of KL is 3.7 [% ODM] and therefore better than the ADL-model
from our previous study (4.3 [% ODM]). However, the smaller prediction error, despite low R2,
can be explained by the relatively small spread of the measured KL values in the examined
population (95 % of all data points for KL fall in a range of + 4.7 [% ODM] around the mean
with 34.9 [% of ODM]). The measured GCV from 19.8 to 24.3 [MJ/kg-ODM] shows the low
sensitivity for the prediction of KL, which ranged from 22.4 to 42.3 [% of ODM].

POTENTIAL OF PREDICTING KLASON-LIGNIN IN DIGESTATES BY CALORIMETRY

A possible influence of the substrate composition of the sampled biogas plants on the cor-
relation between KL and GCV due to variation in structure of extracted KL (HorsT et al. 2015)
- examined by adding interactions between GCV and substrate composition to the model

- was not recognizable. The best adj. R2 was achieved using GCV, lignocellulosic sugars

and extractives as explanatory variables, resulting in adj. R’=0.61. However, further chemi-
cal analysis of the samples leads to higher analytical demand - in this case lignocellulosic
sugars and extractives which contradicts the idea of the study (easy and cheap method) and
does not offer any obviously benefits instead of measuring the Klason-lignin directly.

The residual biomethane potential showed no correlation with the KL-fraction (R2 = 0.02).
Therefore, KL does not seem to be a good predictor for the anaerobically degradable/non-
degradable organic portion of digestates. In combination of all results, the Klason-method
for lignin determination shows no advantage over ADL-methodology. Concluding from the
examined data set, calorimetry is not an appropriate method for predicting Klason-lignin in
digestates from anaerobic digestion.

References

Horst, D. J.; Behainne, J. J. R.; Junior, de Andrade, P. P.; Serpe, L. F. (2015): Assessing the Lignin Fraction Extracted
from Brazilian Energy Crops. In: American Journal of Environmental Sciences 11 (1), S. 46-54. DOI: 10.3844/
ajessp.2015.46.54.

Jung, H.-J. G.; Varel, V. H.; Weimer, P. J.; Ralph, J. (1999): Accuracy of Klason Lignin and Acid Detergent Lignin Methods As
Assessed by Bomb Calorimetry . In: J. Agric. Food Chem. 47 (5), S. 2005-2008. DOI: 10.1021/jf981250q.

Torsten Stefan René Casaretto

1 Christian-Albrechts-Universitat 2 Hochschule Flensburg

Kiel

Olshausenstrafie 40, Kanzleistrafle 91-93,
24098 Kiel, 24943 Flensburg
Contact Contact

+49 (0) 431 880 1549
tstefan@ilv.uni-kiel.de

+49 (0) 461 805 1524
rene.casaretto@hs-flensburg.de




MEASURING INSTRUMENTS FOR DETERMINING LOW VOLUME FLOWS

Holger Miiller', Udo Schmale', Markus Huth?, Rainer Tolle?

Measuring instruments for determining low volume flows

# Gas meter, Magnetic Stroke Counter, Biogas, Wastewater)

Background/motivation

In the case of metabolic processes on a microbiological basis, gas metabolisms provide infor-
mation on the type and intensity of the processes taking place. For process analysis are high-
resolution measurements of gas formation or gas consumption of microbiological cultures of
great interest. Together with the chemical composition of the gases, which changes also over
time, conclusions can be drawn on the material transformations that take place.

Aim of the work

The aim of the work is the provision of gas measurement technology especially for low
volume flows as they typically occur in microbiological laboratory investigations. During the
measurement, the composition of the material flows consisting of different gases should
not change. A large dynamic range in the volume flow of 1 to 10,000 is to be realized. At
the same time, the technology must manage without a minimum volume flow.

Key research topics and novelty

The devices presented are optimized for use in biogas and wastewater laboratories. The
measuring range covers a volume flow rate from O mL/h to 5,000 mL/h. In addition, the
devices can be used with reduced accuracy up to 12,000 mL/h. The resolution of the vol-
ume measurement per measuring cycle is 1 mL standard gas. The overpressure required
for operation is >4 hPa. A pressure above 40 hPa activate a safety valve function. In special
products the resolution could be scalable from 0.1 to 10 mL per measuring cycle.

Methods - Measuring principle of the magnetic stroke counter

The magnetic stroke counter works according to the principle of a positive displacement
meter. The force effect caused by a gas flow on a piston in a guide tube compensates the
counterforce of the piston weight. This builds up a pressure of approximate 4 hPa on the
side of the gas source. This gas pressure raises the permanent magnet piston until a mag-
netic sensor actuates the valve and releases the gas outlet. The number of piston move-
ments carried out periodically determines the moved gas volume. (Fig. 1)

MEASURING INSTRUMENTS FOR DETERMINING LOW VOLUME FLOWS

1 Cylinder

2 Magnetically plunger
3 Seal with Ferro fluid
4 Three-way valve

5 Inflowing gas

6 Effluent gas

7 Overflow cannel

8 lower magnetic sensor

9 upper magnetic sensor

The magnetic stroke counter works with a microcontroller, which reads the magnetic sen-
sors and actuate the valve. The microcontroller also serves to convert the volume flow to the
standard conditions of 1013.25 hPa, 0 °C and without the water vapor contained in satura-
tion.

Results
Possibilities and limits of measurement technology are presented in the context of a method
comparison. The results of a test on the residual gas potential of digested slurry are used for

this purpose. The gas development of the samples was recorded for 60 days at a tempera-
ture of 20 °C and compared with conventionally determined measured values.

References

Huht, M.; Tolle, R.; Schmidt, U. (2018 ): Messgerate zur Bestimmung geringer Volumenstréme in Biogasversuchen. In:
Tagungsband zum 11. Biogas-Innovationskongress 2018, pp. 69 - 75, PROFAIR Consult + Project GmbH (Ed.)

Holger Miiller

BlueSens gas sensor GmbH Contact

Management and Material Flow +49 (0) 2366 499 55 00
Snirgelskamp 25, 45699 Herten, Germany holger.mueller@bluesens.de




THERMODYNAMIC MODELLING OF GAS STORAGES

Eric Mauky, Mathias Stur, Christian Krebs
Thermodynamic modelling of gas storages for optimised
demand-driven operation of anaerobic digestion plants

# Gas storage, modelling, prediction, demand-driven, emissions

The changing conditions within the energy sector in Germany force biogas plants to meet new
requirements as flexible supply of electricity for compensating the divergence between energy
demand and energy supply by uncontrolled sources like wind and solar power (Lunp et al.
2012). In order to meet these new requirements, the biogas production needs to be increas-
ingly adjusted to the demand of a flexible conversion rate. As shown in (Mauky et al. 2016, 2017)
one part of the solution can be flexible feeding management. A feeding management requires
a precise measurement of the resulting variable gas flow rates and a regulation by a precise
plant-wide gas management, which optimizes the utilization of the existing storage capacity.

In the particular case of flexible plant operation, a reliable monitoring of the gas storage fill-
ing level is the crucial task of a gas management, since it specifies the switching points for
CHPs and the gas flare. Furthermore, the gas utilization strategies have to be adapted to the
changing weather conditions, which influencing the usable gas storage capacity. An effect
of inaccurate measurements can be an overestimation of the available storage volume and
consequently the unintentional blowing off of biogas by the overpressure safety device when
the maximum filling level is exceeded (see REeINELT et al. 2016).

In the research project “ManBio” (BMWi Project ID: 03KB094), it was the aim to develop
technical measures to improve the gas management of biogas plants. On the one hand, dif-
ferent measuring systems for gas storage filling levels were compared and optimized. On the
other hand, influencing variables to the available gas storage capacity (e.g. temperature, wind
force and solar radiation) were mapped in a thermodynamic gas storage model in order to
be able to predict and control the gas storage level in a forward-looking manner. Based on
weather forecasts and process data, it is therefore possible to recommend the advance adap-
tation of the feeding or electricity generation regime to prevent under- or over-production.

In the case of temperature measurements on the outer side of the light gray protective mem-
brane of the DBFZ research biogas plant, surface temperatures of up to approx. 68 °C by IR-
measurements were determined during direct sunlight Figure 1 (left). This consequently also led
to temperature rises in the interior of the gas storage. Figure 1 (right) illustrates the dependence
of the net gas storage capacity on the internal gas temperature in a computational example.
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Figure 1 (right) Temperature effects on the available gas storage capacity; (left) surface temperatures of up
to approx. 68 °C on the outer side of the light gray protective membrane of the DBFZ research biogas plant /
Picture by IR- camera (Mauky/DBFZ).
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THERMODYNAMIC MODELLING OF GAS STORAGES

A reduction in the net gas storage capacity by up to 20 % results for a tempera-
ture change of 30K in the gas storage interior during the course of one day.

These measured temperature spreads can be transferred to other practical biogas plants.
Under certain operating conditions, this can lead to an unscheduled reaching of techni-
cally full gas storage with a triggering of the overpressure relief. Therefore, the targeted
management by predictive thermodynamic models of the gas storage tank contributes
to a reduction in the losses caused by flare-off or blow-off of potential gas overproduc-
tions. A advanced feeding and gas management are recommended, as this makes it pos-
sible to optimize flexibility, operational safety and efficiency. Biogas plants can offer a
wide range of services to balance demand and production, but also to stabilize the grid.

The presentation will be focus on the Model description and the dis-
cussion of monitoring Results from the used research biogas plant.
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OPENING THE BLACK BOX

Soren Weinrich', Sabine Koch?, Fabian Bonk?, Denny Popp?, Dirk Benndorf?* Steffen Klamt? Florian Centler?
Opening the Black Box: Coupling ADM1 with constraint-based methods
to include intracellular activity in anaerobic digestion modeling

# Anaerobic Digestion Model No.I (ADM1), flux-balance-analysis (FBA), constraint-based modeling,
meta-omics

Since more than 15 years anaerobic digestion has been modeled predominantly by ordinary-
differential-equation-based (ODE) models such as ADM1. These models resolve individual
process steps but do not consider the phylogenetic diversity at these steps and neglect spe-
cies-specific microbial activity. In the meantime, meta-omics techniques including metagen-
omics, metatranscriptomics, and metaproteomics have led to the elucidation of microbial
activity down to the enzyme level for individual genera, providing an unprecedented view

on the intracellular activity of microbes embedded in complex communities. However, such
data is difficult to integrate with common ODE-type models covering anaerobic digestion.
Instead, they can be incorporated with constraint-based modeling techniques such as
Flux-Balance-Analysis (FBA) that consider the intracellular metabolic network of microbes
up to the genome-level. FBA allows for the prediction of specific growth rate and metabolic
turnover for individual species based on its metabolic network, its biomass composition, and
available substrates. This genotype to phenotype mapping relies on the assumption that
intracellular metabolites are at steady state and that the cell orchestrates its metabolic flux
distribution for optimal growth. A FBA simulation additionally delivers flux values for all enzy-
matic reaction steps contained in the metabolic network, providing a rich data set which can
be compared to omics data sets delivering information on enzymatic activity. To harness the
power of this modeling technique in anaerobic digestion research, we constructed a hybrid
model that, relying on a mass-based version of ADM1, considers acetoclastic and hydrog-
enotrophic methanogenesis by FBA models of Methanosarcina barkeri and Methanococcus
maripaludis. We first compare simulated steady-state results of ADM1 with our novel hybrid
model and then consider a dynamic simulation in which a continuous feeding of maize
silage is switched to a pulsed daily feeding. While both the ADM1 and the hybrid model
agree well regarding predictions of process performance, differences regarding microbial
activity predictions are observed for the dynamic simulation, which remain to be confirmed
by experimental evidence. Demonstrating the technical feasibility of coupling ADM1 with
constraint-based modeling, we envision a new era of simulation models for complex micro-
bial communities which do no longer merely focus on individual chemical conversion steps,
but are able to explicitly take into account microbial diversity and metabolic capacities of
individual community members. Such models incorporate a more faithful representation of
microbial activity in complex communities and will be elemental in gaining a better control of
processes driven by these systems.
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OPTIMISATION OF THE THREE-STAGE BIOGAS UPGRADING PROCESS

Jiirgen Kube

Optimisation of the three-stage biogas upgrading process

.# Biogas upgrading, Gas permeation, Membrane separation, Non-linear optimisation, boundary
value problem

The energy demand of a biogas upgrader is one of the largest cost items of a biogas plant.
Typical upgrader processes driven by electric energy require 0.20 to 0.30 kWh per Nm3 raw
biogas processed. An average sized gas-permeation, water-scrubber or organic scrubber-
upgrader therefore uses 200 to 400 kW electric energy. Part of operating excellence is the
identification of optimisation potentials for new and existing upgrader plants. Reducing the
power demand of the upgrader while maintaining or improving the recovery rate will lead to
significant economic savings and will improve the sustainability of the biogas plant.

Two methods for the optimisation of biogas upgraders are described. The first method is the
mechanical modelling of a gas-permeation process and the optimisation of the model using
non-linear optimisation with batch The three-stage gas permeation process for a gas mixture
of four components (CH,, CO,, N,, O,) is modelled as a system of 12 coupled boundary value
equations. The equations have a singular boundary value at the retentate outlet side of the
membrane, when the permeate flow becomes zero, requiring simultaneous solving of the
BVP and a nonlinear algebraic equation system. The solution is then subjected to a non-
linear optimisation routine using the fmincon-algorithm in MATLAB.

The result of the optimisation is a set of optimal temperatures and number of membranes
per stage plus two pressures governing the process and controlling the gas qualities of the
product and lean gas (see figure 1). Further the impact of increased membrane surface and
selectivity, changes of setpoints or the addition of permeate compression can be investi-
gated under optimal conditions.
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Figure 1 Optimal inlet temperatures of every stage as a function of overall installed membrane surface for a
inlet gas flow of 900 Nm3/h biogas with 50 % CH,. The constraints are 1.5 % CO, in the product gas and 1 %
CH, in the lean gas. Optimisation parameters are the temperatures at the inlet of every stage, the retentate
pressure of the second and third stage. The number of membranes per stage are either fixed in a ratio of
1:1:1 (open symbols) or optimisation parameters as well (closed symbols).



OPTIMIZATION OF THE THREE-STAGE BIOGAS UPGRADING PROCESS

The optimal configuration of a three-stage upgrader is surprisingly straightforward. The first
stage should be operated at low temperatures at high selectivity, the third stage should
operate at low selectivity and high capacity, i.e. high temperatures. The distribution of
membranes amongst the stages barely has an impact on the power uptake, they can be
distributed in a ratio of 1:1:1. Existing gas-permeation upgraders can be easily readjusted to
optimal process parameters for a reduction of energy demand.

If no mechanical model of the upgrader process can be obtained or it is too complicated for
calculation, a new method (Kuse 2018) can be used to optimise existing upgrader units. The
method is based on the gradient descent method, but it is extended to fulfil constraints, so
the energy demand of the upgrader can be optimised while maintaining or even improving
gas qualities of product and lean gas. The method can be used on all kind of upgraders and
is not limited to gas permeation. It can be implemented as an on-line process control func-
tion to allow the upgrading unit to automatically adjust its operation parameters to optimize
power uptake or throughput.

References

Kube, J. (2018): Verfahren zum Betreiben einer Biogasanlage, DE 10 2017 104 642 A1l.

Dr. Jiirgen Kube
Future Biogas Ldt. Contact
Federick Sanger Rd 10-12, GU2 7YD Guildford, UK +44 7808 866 533

juergen.kube@futurebiogas.com

EXAMINING THE RELATIONSHIP BETWEEN INOCULUM TO SUBSTRATE RATIO AND APPARENT HYDROLYSIS RATE IN BIOGAS BATCH TEST ASSAYS

Alastair James Ward

Examining the relationship between inoculum to substrate
ratio and apparent hydrolysis rate in biogas batch test assays

# Biogas, process control, spectroscopy

Finding the apparent hydrolysis rate khyd (measured as the gas production rate) of a continu-
ous biogas process takes a lot of time and measurement. Simple batch tests provide useful
data in terms of the methane potential, but the apparent hydrolysis rate is dependent on the
interaction between the inoculum microbial community and the physical and chemical nature
of the substrate. For the same substrate and inoculum source, the inoculum to substrate (I:S)
ratio is a very important parameter in batch tests. Standardised batch test protocols (ANGELIDAKI
et al. 2009) suggest an I:S of 2:1 (in terms of volatile solids or chemical oxygen demand) will
ensure there is a sufficiently high microorganism density to achieve digestion without inhibi-
tion. However, the relatively high single organic load certainly reduces the apparent hydrolysis
rate when compared to the smaller organic load experienced at a higher I:S ratio (WarD et al.
2018). Using a higher I:S in batch assays will give a khyd that is comparable to a continuous
process (Warp et al. 2018) but tends to increase the error in the results. This is because of the
natural biogas production from the inoculum, despite attempts to “de-gas” prior to preparing
the batch assay bottles. Biogas production from substrates is calculated by subtracting the
inoculum gas production measured in control assays, therefore with a greater proportion of
inoculum there will be a corresponding increase in the proportion of inoculum gas production
relative to gas production derived from the substrate.

As shown by Ward et al. (2018) in an experiment using cattle manure, high I:S ratios of 6:1
and 12:1 showed very small differences to each other in terms of khyd, whereas a 1:1 ratio
showed a khyd value that was considerably lower than a 2:1 ratio, which in turn was consider-
ably lower than 6:1 or 12:1 ratios. It was therefore hypothesized that khyd will reach a maxi-
mum at an I:S where microorganism density is not rate limiting. This study examines the rela-
tionship between I:S ratios and khyd with the aim of producing a conversion factor to adjust
measured khyd in batch assays at the recommended (and relatively low) I:S of 2:1to a khyd
where microorganism density is not rate limiting. The work is intended as a follow up to Warp

et al. (2018) where khydvalues were established for estimation of continuous process yields.
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Batch assays have been prepared using three substrates (maize silage, meadow grass and
wheat straw) and six different I:S ratios. I:S ratios were: 1:1, 2:1, 4:1, 6:1, 8:1, 12:1, and 16:1,
the 1:1 ratio reflecting methodology used by some authors. The assays were set up in 1 litre
bottles with butyl rubber caps, with a total inoculum and substrate mass of 500 g in each
bottle. Control bottles containing inoculum only were also included. All assays were conducted
in triplicate and incubated at 35 °C until gas production became negligible. Produced gas
volume was measured by acidified water displacement (3) at intervals dependent on the rate
of gas production. Sub samples of biogas were collected for compositional analysis by gas
chromatography.

Results are not available at the time of writing, but first order models will be fitted to the gas
production data to provide khyd values. The khyd values will be examined in relation to the I:S
ratio and curves will be fitted to establish a relationship between these two parameters. Spe-
cial attention will be given to the error between triplicates, as it is expected that this value will
increase at higher I:S.
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LAB TESTS WITH A MINI-REACTOR
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Niklas von Borstel, Felix Miiller, Claus Marcus Tiemann, Anna Kriiger, Anne-Catharina Graage, Kerstin Kuchta

Lab tests with a mini-bioreactor test system (all-in-one) for the

developement of standardised and storabel inocula for BMP-tests

# BMP-Tests, biogas, mini-bioreactor, test system, inocula

In the context of anaerobic batch tests (BMP), different origin of inocula might cause sig-
nificant variations of test’s results (Raroso et al. 2011; Hacen et al. 2015; HoLuiger et al.
2016; KocH et al. 2017), preventing from acquiring reproducible and uniform applications.
The Hamburg University of Technology (TUHH) intends to develop a method to produce
standardised and storable inocula for BMP tests. The aim is to provide a range of inocula
for different substrates and research methods, which can be applied in research as well

as in industrial applications (HeerenkLace et al. 2017). As a long term preservation method
for anaerobic inocula, freeze-drying was examined. Comprehensive studies of preservation
through lyophilisation were implemented using two anaerobic inocula (mesophilic and ther-
mophilic), which were produced on the basis of thin sludge under standardised conditions
and a selected sludge of a wastewater treatment plant (mesophilic). For the investigation of
the different treatment steps a so called “All-in-one” mini-bioreactor test system (MBR) was
developed with specific requirements

» Low volume assay system for inoculum screenings, » Anaerobic conditions and gas tight-
ness within all process steps, » Possibility of obtaining parallel quantity and quality assess-
ments of solid, liquid and gas phases a various treatment and cultivation steps, » Simple
and cost-effective analysis of biogas production.

The identified requirements could be fulfilled by “All-in-one” test system that consists of
mini-bioreactors (MBR) with a maximum volume of V = 25-50 mL. The main advantage of
such a system is the realization of all process steps, namely: sample preparation (incubation
and centrifugation), lyophilisation and anaerobic digestion according VDI 4630 (2016) in the
same reactor. Moreover, the different preparation steps and procedures were continuously
optimized within the frame of this research. A general and simplified scheme of “All-in-one”
MBR - test system is shown in Figure 1.
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Figure 1 General and
simplified scheme of “All-
in-one” mini-bioreactor test
system (MBR)




LAB TESTS WITH A MINI-BIOREACTOR TEST SYSTEM (ALL-IN-ONE) FOR THE DEVELOPEMENT OF STANDARDISED AND STORABEL INOCULA FOR BMP-TESTS

The test results showed that a preservation of inocula, which are produced under standard-
ised conditions, is possible. The following anaerobic batch tests of the resuspended inocula
showed a high recovery of expected methane production. However, obtained results indi-
cated a lag phase of 7-10 days within the methane production, which is possibly occurring
due to the cell damage of microorganisms, as a consequence of the preservation process.
Research activities of Brattap et al. (2017) reported similar lag phase duration. Further inves-
tigations will be carried out to optimise the preservation process of the produced inocula for
the aim of decreasingthe lag phase.
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IMPROVING BMP DETERMINATION WITH MASS-BASED MEASUREMENTS
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Improving BMP determination with mass-based measurements
# Biogas, biochemical methane potential (BMP), gravimetric, laboratory methods, gas density

Measurement of biochemical methane potential (BMP) is essential for both research and
optimal operation of biogas plants. But multiple blind comparisons have shown that large
biases in BMP measurement exist among laboratories. Although the use of commercial,
automated systems can reduce variability, purchase costs are high. Conversely, simple
manual methods require less expensive equipment, but accuracy may be poor, and labour
costs can be high. The aim of this work is to describe recent developments in mass-based
measurements of BMP that can improve the accuracy of BMP measurements and reduce
costs.

Measurement of BMP bottle mass loss in response to removal of biogas provides accurate
and relatively sensitive determination of CH, production (detection limit of 10 mL). The
general approach was first described nearly 30 years ago (RicHarDs et al. 1991), and recently
refined (Harner et al. 2015). Free software provides access to data processing algorithms
(Hafner et al. 2018a). A typical laboratory scale with a readability of 20 mg and limit of 2 kg
is more than sufficient for most BMP trials. Unlike conventional manometric and volumetric
methods, this gravimetric approach is not affected by leaks, and is much less sensitive to
headspace pressure and temperature. One drawback is a higher sensitivity to error in CH,
concentration (ca. 8 % error in CH, production for an error of 3 % volume). The method also
has lower sensitivity than conventional volumetric and gravimetric alternatives, but this
difference is less important than differences in accuracy. New measurements comparing
manometric and gravimetric approaches showed similar random error, but much smaller
effects of headspace pressure and volume in gravimetric results (Fig. 1).

In many BMP methods it is taken as a matter of faith that biogas leakage is not significant,
but recent work shows this may not be true. Measurement of mass loss during bottle incu-
bation provides a simple way to detect, and even correct for, leakage (HaFner et al. 2018b).
In general, losses as low as 10 % of total biogas production can be detected. Application
of the method in three trials showed some detectable leakage in each trial, suggesting
that researchers should regularly check for leakage. New results comparing three types

of 20 mm setpa show that common thin (3 mm) butyl septa may leak above a pressure of
1 bar (gauge), while thicker (13 mm) butyl septa are more reliable (Fig. 1).
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IMPROVING BMP DETERMINATION WITH MASS-BASED MEASUREMENTS

The latest developments in gravimetric BMP measurements have been focused on elimi-
nation of the need for gas analysis. Gas chromatography requires relatively expensive
equipment and is not an option for research groups or companies without sufficient fund-
ing. By adding simple volumetric measurements to the gravimetric BMP method, resulting
estimates of gas density can be used to calculate CH, concentration. New results compar-
ing this proposed gas density (GD) approach to a conventional volumetric approach show
the new method has promise: BMP values calculated with the two methods were generally
within 6 % of each other, with a maximum difference of 9 % for ethanol (Table 1). Sampling
effort is low in the GD method: 2-3 min. per bottle per sampling event.

In conclusion, gravimetric approaches have the potential to improve BMP measurement
through: 1) better accuracy, by eliminating the effect of leaks and biases related to mano-
metric and volumetric measurement, 2) lower cost, by reducing equipment and labour
needs, and 3) accessibility, by eliminating the need for biogas analysis.

Table 1 Biochemical methane potential (BMP) of five substrates measured using a conventional volumet-
ric method and the new gas density (GD) method. For all conditions, n = 3 bottles. Substrates A, B, and C
were animal feed ingredients.

Volumetric BMP (mL/g) GD BMP (mL/g)
Substrate Mean Std. dev. Mean Std. dev.
A 378 15.0 369 29.5
B 371 17.4 357 53.4
(o 517 334 488 73.0
Cellulose 380 63.6 381 63.1
Ethanol 710 37.6 651 74.0
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VALUE OF BATCH TESTS FOR ESTIMATING BIOGAS POTENTIALS AND DEGRADATION KINETICS IN ANAEROBIC DIGESTION

Sdren Weinrich, Franziska Schéfer, Jiirgen Proter, Jan Liebetrau
Value of batch tests for estimating biogas potentials and
degradation kinetics in anaerobic digestion

.# Anaerobic batch test, biomethane potential (BMP), degradation kinetics

Introduction

The maximum methane potential as well as the effective degradation kinetics of individual sub-
strates are key parameters for profound substrate characterisation and efficiency evaluation of
anaerobic digestion plants. They are crucial quality criteria for monetary rating of different sub-
strate types or pre-treatment methods and enable reliable process balancing or design.
Commonly, the methane potential and the degradation kinetics (e.g. first-order reaction constants)
of utilised substrates are determined based on laboratory batch tests. Due to extensive research
and comparative inter-laboratory tests the standard protocols (such as VDI 4630) for the conduc-
tion of anaerobic batch tests have been optimise and standardised in the past years. However, the
results of biomethane potential (BMP) tests are still affected by numerous influencing factors (Hol-
Licer et al. 2016). Furthermore, the validity of batch tests to describe effective degradation kinetics
(and underlying methane potential) of continuous operated anaerobic digestion processes is rarely
investigated or proven in detail (Barstone et al. 2009, Jensen et al. 2011).

The current contribution presents a critical comparison and detailed evaluation of batch test
results, continuous operated laboratory experiments and available calculation procedures for esti-
mation of the BMP and kinetic parameters during anaerobic digestion of maize silage.

Material and methods

To depict inter-laboratory variation parts of the presented investigation is based on the compre-
hensive database of the KTBL/VDLUFA Proriciency Test Biogas (2018). In the national inter-labora-
tory test results from experimental batch tests and nutrient analysis of various substrates were
measured in participating laboratories. Basic requirements for the conduction of BMP test are

in compliance with the VDLUFA (2011) or VDI 4630 (2016) guideline. Analytical determination of
individual nutrients is based on Weender and van Soest method (LieseTrau et al. 2015) which both
originated from feedstock characterisation for livestock husbandry.

Comparison of batch test result and available calculation procedures for BMP determination

For a comparison of available methods for BMP determination a single sample of maize silage was
analysed in batch trials and also evaluated utilising calculation procedures (digestibility analysis
and regression models in WEeINRIcH et al. 2018) based on nutrient analysis measured in participat-
ing laboratories during the KTBL/VDLUFA Proriciency TesT Biogas (2018).

Comparison of degradation kinetics measured in discontinuous (batch) and continuous operation
Furthermore, the same sample of maize silage was also digested in continuous operated labo-
ratory reactors (10 L) until steady state conditions were attained. Methane production rates

were logged during continuous experiments. Standard process analytics (such as pH, total VFA

or NH4-N concentrations) were measured weekly to ensure uninhibited process conditions. To
assess degradation kinetics in batch and continuous operation mode a simplified model based on
first-order kinetics was applied to simulate methane production.

Results and Conclusions

The batch test is an established laboratory test setup for the determination of the biogas potential
and degradation kinetics in anaerobic digestion. However, due to numerous influencing factors the
general validity and comparability of batch test results are still not proven or rarely investigated in
detail.
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Comparison of batch test result and available calculation procedures for BMP determination
Depending on the utilised inoculum, measuring equipment and experiment conduction inter-lab-
oratory investigations still reveal a significant variability of BMP test results (WEINrIcH et al. 2018).
Calculation procedures for the determination of the BMP based on nutrient analysis show a sig-
nificant lower variability in the results, but limited correlation with batch tests. Furthermore, mean
values and respective ranges of utilised regression models scatter widely as well. In accordance
to the investigation of RatH et al. (2015) the method of WEeisseacH (2008) based on degradability
analysis shows the best accordance to the mean value of the inter-laboratory tests results.
Generally, chemical analysis come with less effort than the biological batch test and are conse-
quently an easier way to analyse the inhomogeneity and the variability of the substrate charac-
teristics over time. However, any chemical analysis needs information on the substrate type and
the availability of reference values to determine the degradable fraction of the substrate and the
share of biomass consumption for microbial growth.

Comparison of degradation kinetics measured in discontinuous (batch) and continuous operation
Kinetic constants estimated in individual batch trails during inter-laboratory testing tend to under-
estimate the biogas potential and degradation kinetics in continuous operation mode. These
findings are partly confirmed in literature. Thus, Barstone at al. (2009) or Jensen at al. (2011) also
report higher specific methane yields and faster degradation kinetics during continuous opera-
tions in comparison to results of anaerobic batch test of the utilised substrates.

A further revision of available protocols and identification (and elimination) of causes for variability
is needed. Additional inter-laboratory tests (including continuous experiments and chemical analy-
sis) are necessary for further improvement of BMP test execution.

Thus, the presented evaluation procedure demonstrates an objective methodology to assess gen-

eral validity and comparability of batch test results, available calculation procedures or continuous
experiments for a reliable and precise determination of biogas potentials and degradation kinetics
in anaerobic digestion.
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EXPERIENCES FROM THE KTBL/VDLUFA INTER-LABORATORY TEST BIOGAS REGARDING THE BIOGAS YIELD DETERMINATION IN BATCH TESTS
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Experiences from the KTBL/VDLUFA Inter-Laboratory Test Biogas
regarding the biogas yield determination in batch tests

.# Inter-laboratory test, biogas potential, residual methane potential, batch tests

Background/motivation

Since 2006, the German Association for Technology and Structures in Agriculture (KTBL) together with VDLUFA Qual-
ity Assurance NIRS carries out the proficiency test biogas (also referred to as inter-laboratory test) for biogas laborato-
ries with different experimental setups (batch tests) on a regular basis. The number of participating laboratories from
Germany and abroad varies between 20 and 30 per year

Aim of the work

The aim of the KTBL/VDLUFA-Proficiency Test Biogas is essentially a comprehensive quality-assurance of biogas
laboratories in the determination of biogas yield and residual methane potential by means of discontinuous labora-
tory tests. To this end, possible influencing factors and causes of deviations in the measurement results are analysed
in order to increase the measurement accuracy of the biogas laboratories. This improves the comparability of the
results of fermentation tests.

Methods

In order to obtain a uniform procedure and a good basis for the comparison of the test results, the VDI Guideline
4630 “Fermentation of organic substances; substrate characterisation, sampling, collection of material data, fermen-
tation tests” (2016) or the VDLUFA Association Method “Determination of biogas and methane yield in fermentation
tests” (2011) procedures are were specified. The evaluation is carried out according to DIN ISO standard No. 5725-1
(1997) “Accuracy (correctness and precision) of measuring methods and results” (DIN ISO 5725-1, 1997 and DIN ISO
5725-2, 2002) and DIN standard No. 38402-45 (2014) “Standard methods for water, wastewater and sludge analy-
sis - Part 45: inter-laboratory tests for suitability testing of laboratories”. The evaluation of the proficiency test serves
to describe the possibilities of the method and in particular the comparability of the results across the laboratories.

Results

The study of the inter-laboratory test data sets from 2006 till 2017 show that the results of the analysis have
improved significantly regarding the biogas and methane yield determination over the past years. Despite the increas-
ing demands on the measurements, changing laboratories among the participants and varying numbers of partici-
pants over the years (WEeINricH & Paterson 2017). Since the composition of the laboratories participating in the profi-
ciency test changes annually, a comparison of the evaluation over the duration of the test is only possible to a limited
extent.

The inter-laboratory precision is represented by the variation coefficient of repeatability (CV ) and variation coefficient
of reproducibility (CV,) for microcrystalline cellulose (reference standard) and maize silage samples (see Figure 1).

It is striking, that at the first run in 2006 the results for cellulose showed a relatively wide spread (CV, of 19.5-%),
although a standardized and very homogeneous test substrate was used. When comparing the test setups and the
results, it became clear that the deviations were not related to the type and size of the respective test facilities.
Rather, the procedure of data collection, the accuracy of methane measuring instruments, their regular calibration,
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the mathematical evaluation considering the reference values for standard conditions and the
consideration of water vapour correction in the event of deviations played a clearly more recogniz-
able role. In the meantime, the CV, values for the methane yield for cellulose are around 8 %. The
CV,, which describes the accuracy of the values within a single laboratory, was reduced to less
than 3 % for the methane yield in the years of the test runs.

A slightly different picture emerges by looking at the results of determining the methane yield of
maize silage. The CV, of the laboratories could be improved from initially more than 6 % to about
4 % in 2017. The CV, began with high values of over 12 % and over the years of the inter-laboratory
test the scattering for this sample material has reduced to around 8 %.

In the meantime, however, these values rose again slightly in some cases. For such a substrate,
possible natural quality differences between the cultivation years, the influence of comminution
technology and the influence of silage play a role in the development of the results. It has to be
mentioned, that correction for volatile fatty acids was not mandatory and therefore not included in
all test results. This can also lead to certain distortions of the results. Furthermore, in 2015, the
objective of the inter-laboratory test was changed towards the quality assessment of the laborato-
ries. Thus, the plausibility check of the incoming laboratory data applied up to then was omitted,
which partly explains the deterioration in the evaluation in the final years of the comparison.

Also the homogeneity of the sample has had an influence on the comparison of the test evalu-
ations over the years; maize silage is sent to the laboratories without precomminution and the
sample is prepared as is customary in the respective laboratory. For this reason, higher and more
fluctuating CV, values are generally plausible for maize silage compared to cellulose.

The study of the results from 2006 till 2017 show that, despite the established methodologi-

cal regulations, the regular participation of laboratories on laboratory-wide quality improvement
measures is essential in order to hold and improve their performance. Because the analytical
performance of a laboratory can best be tested in an inter-laboratory test in comparison with other
laboratories.
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METABOLISM-CENTERED PREDICTIVE MODELING OF ANAEROBIC DIGESTION OF BIOGAS PRODUCTION

Denny Popp, Fabian Bonk, Daniela Becker, Florian Centler
Metabolism-centered predictive modeling of anaerobic
digestion of biogas production

.# Omics techniques, next-generation sequencing, flexible feeding, flux balance analysis, Anaerobic
Digestion Model No.1 (ADM1)

Biogas produced from waste materials is an environmentally friendly and sustainable source
of energy. The process is driven by complex microbial communities, and while the general
process steps are known, the ultimate relationship between community composition, its
dynamics, and process performance is yet uncovered, leading to biogas reactors being
operated within broad safety margins at the cost of efficiency. In order to elucidate the link
between the microbial communities and process performance in more detail, the aim of our
work is to build computational models describing the full process both at the community
level and the enzyme level.

Towards this aim, three lab-scale biogas reactors (A, B, and C) were established which imple-
ment acetogenesis and methanogenesis as the last two steps of anaerobic digestion. CSTR
A and B were continuously fed at a mean hydraulic retention time (HRT) of 20 d and 14 d,
respectively, and CSTR C was operated at an HRT of 14 d and fed discontinuously (once a
day). Using propionate as the sole carbon source at mesophilic conditions, reactor perfor-
mance (methane production) and dynamics of the microbial community were recorded via

a combination of experimental techniques like amplicon sequencing, metagenomics, and
metaproteomics.

In all reactors propionate was converted very efficiently (> 95 %) and similar amounts of
methane were produced despite the different feeding regimes. The bacterial communi-

ties were dominated by the known propionate degrader Syntrophobacter with the highest
abundance in CSTR B (47 %). Together with the second identified propionate degrader Pelo-
tomaculum they accounted only for 29 % to 48 % of the bacterial communities. As not even
half of the bacterial communities were known as propionate degraders, other bacteria might
degrade propionate as well, which still need to be elucidated.

Therefore, metagenomic and metaproteomics were applied. To reconstruct genomes of indi-
vidual community members a hybrid approach using short-read sequencing (lllumina) and
long-read sequencing (Oxford Nanopore Technologies) was applied. Experiments with stable
isotope labelled propionate indicated that the degradation of propionate exclusively occurred
via the methyl-malonyl-CoA pathway in all reactors, which is in agreement with the detected
propionate degrading species. Accordingly, the metagenomes were searched for genes for
the methyl-malonyl-CoA pathway and their taxonomic affiliation. Other genera apart from
Syntrophobacter and Pelotomaculum that had almost all genes for this pathway were Des-
ulfacinum, Desulfobulbus, Desulfotomaculum, Geobacter, and Thauera. However, each of
these taxa was found only in low abundance in all three reactors (< 0.5 %) and hence, would
only contribute little to overall propionate degradation.
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The methanogenic community showed clear differences between continuous and discontin-
uous feeding. Methanosaeta as a strict acetoclastic methanogen and the hydrogenotrophic
Methanoculleus were dominant in the continuously fed CSTRs with a combined relative
abundance of at least 87 %. Beside those two methanogens, Methanospirillum was found
as an important methanogen in the discontinuously fed CSTR with a relative abundance of
about 13 %.

Ultimately, predictive models resulting from the reconstructed genomes will both elucidate
ecological principles providing stability, resistance, and resilience of the community, as well
as help to identify key processes, bottlenecks, and easy measureable indicators of process
stability during biogas production. This will be useful in optimizing reactor design and opera-
tional regimes, and in devising intervention strategies during critical reactor states. The
model will finally be simplified to only consider relevant processes to become applicable as
an online tool for biogas reactor monitoring and optimal control.
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MICROBIOME ANALYSIS TO UNDERSTAND THE BIOTRANSFORMATION REACTIONS

Niti B. Jadeja, Nidhi Sahu, Ram Avatar Pandey, Atya Kapley

Microbiome analysis to understand the biotransformation reactions
responsible for conversion of food waste to energy in biogas reactors

.# Extended Kalman filter, soft sensor, monitoring, parameter estimation, simplified kinetic model

Background

Microbiome analyses were performed to assess the anaerobic digestion process for conver-
sion of food waste to biogas in lab scale fed batch reactor. The report of ammonical nitrogen
accumulation leading to process failure at an industrial Biogas plant inspired us to perform
some comparative studies by altering process parameters in a lab scale bioreactor. Effi-
ciency of hydrolysis of food waste was assessed in a fermenter of 35 L capacity operated at
previously optimized conditions (pH 7.2-7.5, temperature 43 °C, aeration 0.19-0.22 vvm)
with a retention time of 24 h.

The aim of the study was to assess the anaerobic digestion process by analysing the func-
tional diversity responsible for process efficiency. High throughput DNA sequencing tech-
nigues provide extensive inputs into the biotransformation reactions undertaken by distinct
microbial populations governing the process.

Methods

The biogas plant situated at Nagpur runs on cattle manure and food waste was reported for
process failure in June 2015. The operational conditions of this plant were simulated in a lab
scale reactor using identical inoculum and food biomass. To enhance the hydrolysis of food
waste, temperature was gradually increased from 43 °C to 48 °C. Total metagenome extrac-
tions were performed from the insitu sample at the plant (BGR-A), and reactor samples at
initial (BGR-B, 43 °C) and final time point (BGR-C, 48 °C) which were used in subsequent
microbiome studies. Total DNA extractions from reactors were used for whole metagenome
sequencing task using lllumina platforms. Raw reads were assembled, datasets were anno-
tated and analysed using methods reported earlier (Jabesa et al. 2014). The metagenomic
data sets used in this study have been submitted in National Center for Biotechnology Infor-
mation; Sequence Read Archive under the Bioproject number PRINA357876.

Results

The results suggested minimized ammonical nitrogen accumulation during hydrolysis (net
removal up to 75 %) with 3589+469 mg/L soluble COD and 1419 +136 mg/L TVFA concen-
tration at pH 7.5 and temperature 48 °C (compared to 43 °C, initially). This led to reduction
in ammonia accumulation up to 66 % indicative of optimized hydrolysis conditions com-
pared to earlier bioreactor runs performed at 43 °C. Comparative metagenomics revealed
the shifts in microbiome functions responsible for improvement of the process efficiency.
Functional gene hits classified for methanogenesis function increased from 65 % to 72 % in
BGR-C sample metagenome (Figure 1).

Noteworthy changes were observed in the Bacterial/Archaeal populations during the anaero-
bic digestion process. In sample BGR-C, Archaeal population increased to 10.5 % which was
2.24 fold higher level as compared to samples from reactor operated at lower temperature
(BGR-B). In sample BGR-C, abundance of phyla Proteobacteria and Bacteroidetes reduced

t0 22.6 % and 17.7 % of respectively accompanied by increased levels of Firmicutes (abun-
dance 15.7 % of total bacterial population). Abundance of Thermotogae phylum increased to
11.8 % in BGR-C sample from 0.96 % as compared to BGR-A sample. At genera level, sample
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Figure 1 Graphical abstract

BGR-B depicted Candidatus Cloacamonas (7.2 %), Bacteroides (6.6 %), Syntrophus (2.9 %),
Clostridium (2.7 %), Geobacter (2.4 %), Prevotella (1.7 %), Parabacteroides (1.7 %); the
dominating microbial populations. Bacteroides (7.4 %), Methanoculleus (6.0%), unclassified
genera derived from Thermotagales family (5.3 %), Clostridium (2.8 %), Kosmotoga (2.6 %),
Geobacter (2.1 %) and Thermotoga (1. 8 %) were the dominating genera observed in sample
BGR-C. The hyperthermophilic and anaerobic bacterium Thermotoga is known to ferment a
wide variety of carbohydrates, producing acetate, CO,, and H,, (Scrut anp Apbams 2009).

Optimization of temperature resulted in efficient hydrolysis of the food waste used in the
bioreactors. Despite the drastic shifts in microbial community with respect to the increas-
ing temperature, the methanogenesis process was sustained by key microbial populations
identified in this study.
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EVALUATION OF THE PROCESS PERFORMANCE AT COMMERCIAL BIOGAS PLANTS

Kevin Kuntze', Liane Miiller?, Franziska Schéfer?, Marcell Nikolausz?®, Anko Fischer!
Evaluation of the process performance at commercial biogas
plants using compound-specific stable isotope analysis (CSIA)

.# CSIA, isotope, monitoring, biogas plant

Laboratory studies indicated that compound-specific stable isotope analysis (CSIA) is an
appropriate monitoring tool for process failure and optimisation of biogas production (LAUKE-
MANN et al. 2010, Nikorausz et al. 2013, Lv et al. 2014a&b, Leite et al. 2015, Mutar et al. 2016,
Lia et al. 2018, Lv et al. 2018). Moreover, CSIA was applied for pilot-scale biogas plants, suc-
cessfully (GeHriNG et al. 2015, Powag et al. 2015). However, studies on the application of CSIA
at commercial biogas plants are limited.

The aim of our study was to test the applicability of CSIA for evaluating the process status of
commercial biogas plants. Thus, practical basics were generated for the implementation of
CSIA as monitoring tool for early warning of process failures in biogas plants and for optimi-
sation of the biogas production.

Carbon and hydrogen stable isotope ratios of methane (**C/*2C and ?H/*H obtained as delta-
notation: 8**C_,,- and d°H,, -values) as well as carbon stable isotope ratios of carbon dioxide
(6130c02-values) were measured at six biogas-plant fermenters, which exhibited differences
in biogas substrates, process conditions (mainly temperature) and construction. Sampling
occurred four to six times over a period of six months. Additionally, carbon stable isotope
ratios of the biogas substrate (6"°C_, . -values) and digestate (3"*C digestate-values) were
determined, in order to examine their influence on the carbon stable isotope ratios of biogas
(6"C,,,, 8*°C,,). For the verification of the assessment of methanogenic pathways based on
CSIA, the pattern of the methanogenic community was gathered by the Terminal restriction
fragment length polymorphism (T-RFLP) analysis of methyl coenzyme M reductase (mcrA)

genes.

Based on the comparison of 3*°C,, - and 6°H,,-values, the biogas plants could be dif-
ferentiated. The isotope ratios of the biogas plants J and T1 clustered together, while they
significantly differed from those of the biogas plants T2, S, Q1 and Q2. The negative 6"°C_ -
values of J and T1 could be attributed to the high amount of C3-plant-based substrates used
in these biogas plants. The more positive 3*°C,,-values of T2, S, Q1 and Q2 indicated the
usage of C4-plant-based substrates, which could be confirmed by the obtained 3**C_, _ -
and 8**C -values. Since the carbon isotope ratios of the biogas substrate influences

digestate
those of the biogas, 6*°C -or d*3C -values need to take into account for the inter-

substrate digestate

pretation of 8°C_, ,- and 8"*C,-values.

For all biogas plants, 8"*C,,,,-, 8*°C, - and 3**C,,-values were relative consistent over time.
This indicated that there were no clear shifts in the proportion of the methanogenic path-
ways. Thus, a quite stable performance of the biogas production could be expected, which
was confirmed by the relative consistent structure of the methanogenic community over

time.
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EVALUATION OF THE PROCESS PERFORMANCE AT COMMERCIAL BIOGAS PLANTS

Among other process parameters, the 613CCH4-vaIues showed the highest correlation with
the ammonia content. High ammonia concentrations were associated with negative 3°C_,,,-
values. This correlation had already been observed in laboratory studies on the ammonia
inhibition of the biogas production (Lv et al. 2014a & 2018). Our current findings confirmed
the observation at commercial biogas plants and approved that CSIA has the potential as
monitoring tool for ammonia stress. More negative 613CCH4—vaIues suggest a higher content
of hydrogenotrophic methanogenesis (Laukemann et al. 2010, Nikorausz et al. 2013, GeHRING et
al. 2015, Mutar et al. 2016). Obviously, hydrogenotrophic methanogenesis is more resistant
against ammonia stress than acetoclastic methanogenesis (MuLar et al. 2016).
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CHALLENGES IN DATA ACQUISITION AND APPLICATION FOR BIOGAS PROCESS MODELLING IN PRACTICE

Johan Grope', frank Scholwin', Séren Weinrich? Michael Nelles?
Challenges in data acquisition and application for biogas
process modelling in practice

.# Biogas process modelling, practical experiences, plant efficiency

Background / motivation

With a funding from the European Regional Development Fund, the Institute for Biogas,
Waste Management and Energy is developing a tool to improve efficiency and process moni-
toring of biogas plants based on a daily accurate target-actual comparison of the biogas
yield. In order to simulate the daily biogas production (target value) a model, based on a
reaction model, is being applied. The simulated daily biogas production is being compared
with the actual measured biogas quantities (actual value). Through this daily efficiency and
process monitoring of large-scale biogas plants disturbances of the process and equipment
technology can be identified much more reliable and timely as by the monitoring based on
a monthly sum and average values, which is common practice today. This allows the imple-
mentation of countermeasures much more quickly and therefore to reduce system failures
as well as efficiency losses.

Aim of the work

A major challenge in simulating the biogas process in a large-scale biogas plant is the
quality of the available data. These are often inaccurate, incomplete or not high enough
resolved. Therefore, the aim of this work is:

a) to identify and quantify the most relevant sources of error regarding the above-mentioned
comparison of modelled and measured biogas values in a large-scale biogas plant and

b) to estimate influence on the accuracy of the result of the target-actual comparison of the
biogas yield in a large-scale biogas plant.

Key research topics
The key research topics are:

» identification and quantification of the main errors in data acquisition for biogas
process simulation and modeling as well as the measurement of biogas production
quantities in practical large-scale biogas plants,

» quantification of the influence of those errors on a target-actual comparison of the
biogas yield based on the simulation of the biogas yield on the one hand and its
measurement on the other hand.

With this work, a much better understanding about the main challenges with regard to
the acquisition of data for biogas process simulation and modeling in practical large-scale
biogas plants will be given.
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2 DBFZ Deutsches Biomasseforschungszentrum gemeinnitzige GmbH, Leipzig




CHALLENGES IN DATA ACQUISITION AND APPLICATION FOR BIOGAS PROCESS MODELLING IN PRACTICE

Methods

In order to be able to evaluate the influence of the data quality on the simulation result and
the validity of the results for efficiency and process monitoring, the main sources of error are
summarized, e.g.:

» sampling and analysis of substrates
» recording of operating data such as feeding quantities and qualities
» gas quantities and gas storage levels

Based on technical data (e.g. measurement accuracies) and the experience during data
acquisition at a large-scale biogas plant, which serves as the practical example for the pro-
ject, the identified errors are quantified (maximum of deviation). A sensitive analysis is per-
formed in order to quantify the influence of each error on the daily simulated biogas yield of
the plant. The errors with the highest influence on the result of a daily accurate target-actual
comparison of the biogas yield are identified and recommendations for reducing those
errors are proposed.

Results

So far, data acquisition at the biogas plant have shown the following major sources of errors,
which may have an influence on the result of the daily accurate target-actual comparison of
the biogas yield:

» Inaccuracy concerning sampling, transporting of the samples and laboratory analysis
are having an influence on substrate analysis being performed to determine adequate
input values (biogas potential and kinetic parameters) for the model being used in the
project.

» The substrates being used often vary with regard to their actual composition, but are
always labelled the same (e.g. surface cover of silage, claimed as grass silage).

» The order at which substrates are being put into the bunkers (before being carried into
the digesters) is not known.

» Gas storage levels are only monitored as graphics - the actual values can only be
estimated roughly.
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PROCESS CONTROL OF A HIGH-PERFORMANCE HYBRID REACTOR AS A METHANE STAGE FOR BIOMASS WITH HIGH NITROGEN CONTENT

Anne Geifler, Christina Dornack
Process control of a high-performance hybrid reactor as a methane
stage for biomass with high nitrogen content

.# Nitrogen, high-performance, sewage sludge, process control, process stability

The possibility to develop a complex, modular high-performance methane stage for flexible
use in the field of biogas technology as well as in the field of wastewater treatment as a
supplementary module is the subject of the following work. Biomass like manure and sew-
age sludge have high nitrogen and chemical oxygen demand (COD) concentrations. This can
cause disturbances in the anaerobic digestion process, by ammonia as well as accumulation
of volitaile fatty acids (VFA). Therefore, the target is to develope a high-performance meth-
ane stage for mesophilic monofermentation of these substrates. Hence a stepwise increase
of the reactors, trickle bed reactor (RB), upflow anaerobic sludge bed reactor (UASB), and
anaerobic filter reactor (AF) was done. To adapte the microorganizmen to nitrogen and
organic loads plastic pellets have been adapted in RB and AF. The UASB enriches biomass
by forming natural pellets through accumulation of the microorganism and the subsequent
sedimentation. Altogether, to find out the weakness in the acetogenesis/methanogenesis
the feeding process was done with a modelsubstrate.

While operating the reactors especially in the lab-scale there is a big gap between the pro-
cess parameters to achieve and the real conditions. Also the sampling point in each reactor
cannot always be considered as represented. The challenge is to guarantee a stable process
while increasing the performance in real conditions and for different reactor types likes
trickle bed reactors or UASB reactors.

Result

Experience in how parameters interact with each other and how process control in practical
conditions looks like.
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CONTROL OF ALKALINITY OF A FULL-SCALE BIOGAS PLANT TREATING WASTE WATER FROM THE CLEANING OF CAR TANKS

Van Than Nguyen'?, Jan Neumann’, Dirk Awe*, Jens Trdnckner?, Wolfgang Pfeiffer!

Control of alkalinity of a full-scale biogas plant treating waste
water from the cleaning of car tanks transporting food and fodder,
adaption of biogas production to the demand and verification of
Nordmann titration method for measuring VOA and TIC

# Anaerobic treatment of wastewater from cleaning of tank cars, physicochemical model of anaero-
bic digestion, measurement of volatile organic acids and alkalinity, biogas production on demand

Background/motivation

The car tanks transporting food and fodder need to be cleaned and disinfected regularly.
Germany has some 100 cleaning stations for cleaning car tanks, Europe some 1,600. Car
tanks are often pre-cleaned with steam and hot water producing a strongly polluted waste-
water. The rinsing and the cleaning of only moderately polluted tanks generates only moder-
ately polluted wastewater (WW).

TS-Clean company cleans some 450 car tanks a week in 3 cleaning stations (Fahrbinde,
Kavelstorf, Neudietendorf). In TS Clean the strongly polluted WW was transported to a
wastewater treatment plant (WWTP) for co-digestion and the moderately polluted WW was
and is discharged indirectly after passing a grid chamber system. TS-Clean had the idea of
an anaerobic treatment of the strongly polluted WW in Fahrbinde in order to reduce cost for
natural gas by substituting natural gas consumed in the steam generator with biogas and
reduce costs for wastewater disposal by indirect discharge of the effluent of the anaerobic
treatment and contracted the University of Wismar to do the necessary investigations. In
extensive bench and pilot scale experiments was shown that a stable anaerobic treatment
of the strongly polluted WW and the sludge from the grease traps with more than 85 % COD
reduction was possible and that in combination with a flocculation and solid separation

of the effluent indirect discharge standards could be met and that the effluent of the solid
separation had no adverse effects on the biological treatment in the communal WWTP. On
the basis of these findings the anaerobic treatment plant with flocculation and solid separa-
tion was planed and built by Rotaria - Energie- und Umwettechnik GmbH, Rerik and commis-
sioned in November 2017.

Aim of the work

The aim of our research was to find out if and how we can treat the strongly polluted WW
with anaerobic digestion producing biogas that can substitute the natural gas used in the
steam generator and producing an effluent that can be discharged indirectly with no adverse
effects on the WW treatment in the WWTP.

Key research topics and novelty

Our research topics were:

» Development of a physicochemical model for calculating and controlling the addition
of NaHCO, in order to stabilize the digestion process of highly polluted wastewater
from the cleaning of car tanks transporting food and fodder

» Investigation of the effect of the addition of micronutrients on the digestion process
stability and efficiency

B Faculty of Mechanical/Process and Environmental Engineering, University of Wismar, Germany
2 Faculty of Agricultural and Environmental Sciences, University of Rostock, Germany
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CONTROL OF ALKALINITY OF A FULL-SCALE BIOGAS PLANT TREATING WASTE WATER FROM THE CLEANING OF CAR TANKS

» Verification of the Nordmann titration method for measuring volatile organic acids
(VOA) and alkalinity (TIC) with FOS/TAC 2000 Pronova device

» Controlling the anaerobic digestion process by measuring VOA and TIC

» Controlling biogas production by feeding regime in order to meet demand

Methods

Due to the softened water used in the cleaning of the tank cars, the WW is low in alkalinity
and buffer capacity which potentially effects the anaerobic digestion process. A physico-
chemical model was developed in order to investigate the relation of alkalinity and pH in the
anaerobic digester. The model is based on the CO,-absorption equilibrium (Henry"s law) and
the chemical equilibria for ammonia, carbonic and phosphoric acid and the balance of the
ion charges. The alkalinity equation was adapted from Bruce E. Rirtmann and McCarTy (2012).
In order to evaluate the exactness of the measurements of volatile organic acids (VOA) and
TIC with the FOS/TAC 2000 (Pronova 2015) using the Nordmann titration and the McGhee
empirical equations the analysis was tested and verified with synthetic digestate, diluted
disgestate and digestate spiked with acetic acid and NaHCO,.

Results

The highly polluted WW from the cleaning of tank cars transporting food and fodder is suit-
able for anaerobic digestion if OLR is controlled below 4 kgCOD/m3/day, and micronutrients
and NaHCO, are added. The physicochemical model showed that 2.4 ngaHC03/m3 of
wastewater has to be added in order to control the digester pH at 7.2 and to maintain the
digester alkalinity at 3.1 gCaCO,/L. These model results are in a good correlation with the
experimental and full scale observations. The addition of micronutrients is also required in
order to avoid a deficit of the trace elements in the digester. Without trace element dosage
the digestion process failed in less than one year of operation.

The Nordmann titration method was verified. The FOS/TAC 2000 has a good performance
measuring VOA and TIC.

The 1,200 m? full scale biogas plant in Fahrbinde produces in average 800 m?® biogas from
12 m® WW with 62 % CH,. The biogas substituting natural gas in the steam generator saves
about €8,500/month. The return on investment of the biogas plant is therefore less than

5 years.

The operators are trained for monitoring and controlling the digestion process analysing
daily VOA and TIC with FOS/TAC 2000. The VOA/TIC ratio is stable in the range of 0.1-0.3,
indicating a stable digestion process (Drosa et al. 2013). Biogas production is successfully
adapted to the biogas demand by the wastewater feeding regime.

References

Bruce, E.; Rittmann, McCarty, P.L. (2012): Environmental Biotechnology: Principles and Applications. Tata McGraw Hill Education Private Limited

Drosg B, Frost P, Baxter D, Staff IBP, Staff IBT, Staff IETN (2013): Process Monitoring in Biogas Plants. IEA Bioenergy.
Pronova FT (2015): FOS/TAC 2000 Subject to technical modifications 01/2015.

Wolfgang Pfeiffer

Faculty of Mechanical/Process and Environmental Contact
Engineering, University of Wismar +49 (0) 3841 753 7531
Philipp-Miiller-StraRe 14, 23966, Wismar, Germany wolfgang.pfeiffer@hs-wismar.de




MONITORING OF (MANUFACTURER INDEPENDENT) BIOGAS PLANTS WITH EVALUATION OF ALL THE DATA OF NECESSARY DATA POINTS

Karlheinz Meier
Monitoring of (manufacturer independent) biogas plants with
evaluation of all the data of necessary data points

# BayWa re. Bioenergy GmbH, biogas information system, manufacturer independent, evaluation of
data points, biogas and upgrading plants

Aim of the work

A measuring system for operating data of biogas plants (read from the PLC of the plants)

is developed by BayWa r.e. Bioenergy, to which additional sensors can be connected and
manual values can be entered. On the basis of this complete data situation, the consump-
tion of electricity, biogas and process heat can be compared (benchmarking) in comparison
to other plants, in order to see potential savings and to increase these through process and
component changes.

Innovation / novelty of the project

The system can handle plants of various sizes and manufacturers, necessary additional
sensors can be added, even for plant manufacturers, which are not existing anymore. With a
learning algorithm datapoints of various components can be detected, whereby the connec-
tion in a short period of time can be done. A frequent reading of the data (96-43,000 per
day) reveals even small changes.

Methods

Using data aggregation 1,000 manually entered existing datapoints of biogas plants were
analysed.

The manually entered datapoints are measured regularly and can be analysed further in
their biogas context inside the Pimos Software.

Results

Our findings conclude that there is no clustering in the datapoints, which means that the dif-
ferent vendors do not use the same position of data for access in the PLC. This also is true
for plants of the same vendor as the position of the data points seem to have a technical
reason.

The manually entered data points lead to deeper insights of biogas plant data. Using data

of various plants metrics can be generated like the average energy consumption per output
kilowatt hour.

Finaly we will show how animated daily aggregated heat measurement data can - along with
weather data and GEU data - can lead to a deeper understanding of heat consumption over
a yearly period.

Karlheinz Meier

BayWa r.e. Bioenergy GmbH Contact
Blumenstrafie 16, 93055 Regensburg, Germany +49 (0) 941 698 730 566

karlheinz.meier@baywa-re.com

DETERMINING CONDITIONS OF INTERMITTENTLY FED DIGESTERS FROM BIOGAS PRODUCTION RATE DATA

Robin Eccleston, Michael Bongards
Determining conditions of intermittently fed digesters from
biogas production rate data

.# Intermittent feeding, process control, demand driven biogas

There has been a reduction in subsidies for electricity generated from anaerobic digestion in
recent years, which will lead to challenges to ensure profitability. As the electricity grid shifts
to a larger proportion of renewable energy, there are larger uncontrolled swings in electricity
generation due to the intermittent nature of wind and solar power sources. In the electricity
spot market, quick responding generators can charge a premium in such times. A possibil-
ity to increase income for AD plants is to produce energy on demand in order to fill the gaps
in generation from solar and wind. Flexible feeding is possible without negatively effecting
process stability (Mauky et al. 2016). Previous work has shown that using the step response
of an AD plant to feeding variation can provide information about the process and be used
for process control (Stever et al. 1999).

This work considers the situation of an intermittently fed biogas plant, generating electricity
for a limited part of the day, and uses the variations observed in the biogas production rate
data to make control decisions on whether to increase or decrease the feeding amount for
the following day.

Testing was performed at the laboratory scale (5 L CSTRs) feeding grass silage, and pilot
scale (1,000 L) feeding maize silage. The production rate of biogas was measured as the
organic loading rate was increased. As the digester was fed with higher loading rates there
was a noticeable change in the characteristics of the response in the gas production. Using
the gas production rated data, a number of statistical analysis techniques were performed
in order to attempt to quantify the observed changes. A suitable technique was found which
correlated well with the reference data. Thresholds were set per litre, meaning that the same
thresholds were applicable to both the 5 L and 1,000 L scale tests.

A PID controller was then implemented in order to control the daily feeding amount on a
biogas plant model, with the biogas plant model using the ADM1. The input used for the
controller was the statistical analysis previously described, and the output was the feeding
rate. The PID controller was tuned manually. Simulations were then performed using the
ADM1 and PID controller, and ran for 365 days. After this, the loading rates were increased
until the ADM1 simulations failed due to the high loading rate.

The simulation results showed that the control technique performed well, with very little
variation in the total produced methane content each day during the operation with the
PID controller. When increasing the loading rate at the end of the test period, the produced
methane started to vary significantly for a fixed feeding amount, indicating instability in the
process, and further increases lead to inhibition of the process.
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EVALUATION OF PRE-TREATMENT METHODS BY IN-LINE PARTICLE SIZE DISTRIBUTION MONITORING WITH LASERLIGHT BACKREFLECTION

Stefan Junne', Maximilian Quietzsch’, Chiara Barrilaro’, Friedel Schwartz? Peter Neubauer'
Evaluation of pre-treatment methods by in-line particle size
distribution monitoring with laserlight backreflection

# Particle size distribution, laserlight backreflection, ultrasound, enzyme addition, feedstock pre-
treatment

Background/motivation

Pre-treatment for a better conversion of feedstock in bioprocesses is frequently applied.
Among typical methods are i) mechanical treatments with high shear forces to disrupt fibre
structures with milling and ultrasound, ii) chemical treatments during hydrolytic steps like
enzyme or base addition, and iii) biological treatment through bioaugmentation of hydrolytic
microbes, among others. The evaluation of such methods for anaerobic digestion can be
made based on the conversion efficiency to biogas, although this method is time-consuming.
Effects are often just detectable whithin several weeks or months of operation. In order to
achieve a rapid analysis of the effect of pre-treatment methods (or methods applied in the
digester), a method to rapidly assess the particle size distribution was adjusted to be appli-
cable directly in culture broth: the laserlight-based focused beam backreflection is applied
for the determination of the particle and cell-size size distribution to optimize feedstock
pre-treatment and measurement of the fluid phases of anaerobic digestion bioprocesses.
Due to the different patterns of back reflection at the edges and cores of particles and multi
capture signal interpretation, sizes of them can be determined directly in the culture broth. .

Methods

Laserlight backreflection allows to determine size distributions at typical compositions of the
culture broth, if biogenic raw and residual material is used as feedstock. The resolution of
the technology reaches up to < 0.5 ym, which makes it also applicable to track sizes of bac-
terial cells. In this study, the course of the size distribution was monitored during digestion
with various pre-treatment methods, e.g. an oscillating exposure to ultrasound in scale-down
experiment of industrial conditions, and enzymatic treatment.

Results

Results show that it is possible to distinguish the cell size distribution before and after
various treatments. Data was compared and correlated to process parameters, like the
metabolite fraction in the liquid phase, the methane formation, and viscosity, respectively.
They show that the method is robust and allows the rapid identification of suitable operation
conditions for substrate pre-treatment, e.g. milling or ultrasound exposure, w/o the require-
ment of time-consuming monitoring of the process performance, e.g. carboxylic acid produc-
tion or methane formation.

In particular, the impact of the size distribution is compared to results of batch digestion
tests in lab scale. A correlation between the size distribution and methane production effi-
ciency from various feedstock are found: smaller particle sizes during certain stages in the
batch process indicate clearly conditions that lead to a higher methane production rate. In
case of feedstock made of fibres, a distinct size distribution indicates an improved digest-
ibility.
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EVALUATION OF PRE-TREATMENT METHODS BY IN-LINE PARTICLE SIZE DISTRIBUTION MONITORING WITH LASERLIGHT BACKREFLECTION

Usually, the sensitive size range of solid material is different from the typical size range of
microorganisms, so that the impact of pretreatment methods on feedstock can be distin-
guished from microbes and agglomerates of them. Effects of pretretament are seen directly
within minutes, which results in a very fast evaluation method. In case of ultrasound treat-
ment, a clear effect on the cell size distribution is seen and suitable power input settings
can be made.

While the method works well if the feedstock remains similar, investigations are needed

for alternating feedstock compositions in order to be able to extract data specific for each
substrate and to reduce random distributions, which decrease the specificity of the size
distribution, and thus lower predictability of the measurement for methane production. Stud-
ies directly at industrial plants, which are operated continuously with alternating feedstock
composition, are currently performed to demonstrate the suitability also in the large scale.
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Example: Figure 1 Particle size distribution measured with laserlight backreflection in culture broth with
and without enzyme addition
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MINIMIZING NEGATIVE EFFECTS OF LIQUID DIGESTAT RECIRCULATION

Wu Shubiao™?
Minimizing negative effects of liquid digestate recirculation on methane
production and system stability in anaerobic digestion of livestock bio-wastes

# Biogas, Process stability, Recirculation, Livestock manure, Stable isotope

The recycled utilization of digestate has preliminarily been demonstrated as an efficient method
for recovering energy and reducing digestate discharge from some AD plants. The recycling opera-
tion could introduce the residual methane potential and methanogenic bacteria back to the AD
plant, which can theoretically significantly improve the methane production of the applied AD
plant. However, the concerns surrounding recycling of digestate in AD plants are the accumulation
of key chemical inhibitors to methane production in AD plant, such as ammonia and volatile fatty
acids (VFAs). It is commonly accepted that excessive ammonium accumulation can increase the
proportion of free ammonia, which is toxic for methanogenesis and results in lower methane pro-
duction. However, this process might also be highly dependent on feeding materials. For example,
Estevez et al. 2014 observed a 16 % increase in methane yield with liquid digestate recycling of
cow manure with Salix, whereas Wu et al. 2016 reported a decrease of 43 % in methane produc-
tion under liquid digestate recycling of chicken manure due to ammonia accumulation. In addition,
viscosity may also increase with digestate recirculation and decrease methane production due

to imperfect substrate movement in AD plants. Until now, the implications of digestate recircula-
tion have been studied in AD of dairy manure, chicken manure and co-digestion of cow manure
with salix or grass silage. To our knowledge, the dynamics of how ammonium accumulates during
the digestion of chicken manure under long-term recycled unitization of liquid digestate as well

as its influence on microorganism activity and biogas production are still not comprehensively
understood. It should also be determined whether or not the use of ammonium removal technol-
ogy, such as ammonia striping, on the liquid digestate before its recycled utilization can effectively
perform ammonium mitigation.

Besides the energy production efficiency, the deep understanding of methane generation mecha-
nisms change under the digestate recycled utilization would be important to support the recycling
application in AD plant. Another knowledge gap hypothesis is the dynamics of heavy metals in
digestate from AD plants might also influence the operation of digestate recirculation; heavy metal
concentration will regulate the digestate application by agriculture. Thus, to achieve the full suc-
cess application of this optimized digestate recycled AD plant, the accumulation and mobilization
of heavy metals in digestate effluent under liquid digestate recirculation need to be monitored.

The aims of the study presented here were to assess the liquid digestate recirculation operation
on the energy production performance and mechanisms of livestock biowaste anaerobic digestion,
including pig manure, cow manure and chicken manure. For this purpose, laboratory-scale CSTRs
for treating different manures at variable organic loadign rates were implemented under meso-
philic conditions. The influences of AD reactor digestate recirculation on methane production, and
the characteristics of the digested substrate, were investigated to evaluate methane production
and system stability. Additionally, to assess the risk potential for agricultural utilization of the final
digestate effluent, the dynamics of heavy metals accumulation and mobilization were determined
in both the liquid and solid fractions. Moreover, to understand the impact of recirculation on
predominantly methanogenic pathways, the composition of 6130CO2 and 613CCH4 associated with
the molecular analysis method were monitored. The integration of air stripping with ammonium
mitigation of liquid digestate before recycled utilization was investigated in order to maintain the
ammonium concentration below the inhibition level.

The manures used in this study was collected from larger-scale farms located in Beijing, China.
The raw manure was naturally dried, followed by pulverization treatment. Then, the homogenized
samples were frozen at -20 °C to prevent biological decomposition. The sludge inoculum was col-
lected from a biogas plant (located in Shun Yi district, Beijing, China) with mesophilic pig manure
AD by CSTRs. Laboratory-scale CSTRs were implemented in two identical glass cylinders with a
total volume of 15 L and effective volume of 10 L. The feeding and discharge ports were set at the
top and bottom of the reactors, respectively. The gas outlet was at the top and connected with a
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plastic gasbag. All CSTRs were intermittently stirred at 120 r/min for 1 h on and 1 h off. The
experiment was maintained at 37 + 1 °C in a temperature-controlled chamber. To investi-
gate the effect of various OLRs and recirculation on the performance of the CSTR reactors,
the experiment was divided into many different phases with various OLR levels. Some CSTR
reactors were established as control without recirculation, while some were set to 60 % efflu-
ent liquid digestate recirculation.

The pH, methane production volume, CH, and CO, contents, Total solids (TS), volatile solids
(VS) and total ammonia nitrogen (TAN) of all samples were determined using standard meth-
ods. Total inorganic carbon (TIC) and volatile fatty acids (VFAs) were analysed by titration
with 0.1 NH_SO, to endpoints of pH 5.0 and 4.4, following the procedure of Znana et al. 2014
[19]. The sludge viscosity was determined using a rotational viscometer at a shear rate of 60
min* as described by CHana et al. 2007. Cellulose and hemicellulose were determined using
the sequential analysis method developed by Soest et al. 1985. All the above parameters
were collected from each sample every 1-2 days for routine analyses in the present study.
Additionally, the concentrations of heavy metal elements, including lead (Pb), manganese
(Mn), copper (Cu) and zinc (Zn), in both liquid and solid fraction of the effluent were deter-
mined using inductively coupled plasma mass spectrometry (ICP-MS, Elan 9000, Perkin
Elmer, USA). The stable isotopic enrichments of CH, and CO, were carried out as described
by NikoLausz et al. 2013. In order to investigate the microbial difference between reactors,
16S rDNA characterization was carried out to analyse the microbial communities at the end
of the experiment.

It was demonstrated that the recirculation operation improved methane production and
system fermentation stability, particularly for organic loading rates below 5 g VS L' d*. The
inhibition of methane production was found under an OLR of 6 VS L* d?, which was caused
by significantly increased viscosity from 30 to 1,000 mPa-s and decreased mass transfer
characteristics. The previously reported negative effects of accumulated ammonia and VFA
on anaerobic digestion under digestate recirculation were not found in the investigation of
pig manure treatment. However, the heavy metals Pb, Mn, Cu and Zn accumulated in both
liquid and solid fractions of the generated digestate in the digestate recycled reactor. The
stable carbon isotope analysis of 6°C_, and §"*C,,,, produced the biogas indicated different
methanogenic pathways between the anaerobic reactors with and without digestate recircu-
lation.

The dynamics of ammonium accumulation and mitigation control in anaerobic digestion of
chicken manure under the recycled utilization of liquid digested slurry were investigated.

In the reactor with direct recycled utilization of the anaerobic digested liquid slurry, total
volatilized fatty acids (in CH,COOH) and NH,+-N increased from 1,600 mg/L to 8,000 mg

/L and from 2,600 mg/L to 5,000 mg/L, respectively. As well, the pH increased from 7.7

to 8.1, and the effluent viscosity significantly increased to 27 mPa.s from 13 mPa.s. Under
this condition, the daily volumetric biogas production decreased from 1.4+0.1 L/(Ld) to
0.8+0.1 L/(Ld) with a reduction efficiency of 43+4 %. To avoid the negative effect of accu-
mulated organic and inorganic compounds, air stripping was then integrated into our system
for ammonium mitigation of recycled liquid digested slurry and ammonium control in the
digester. This integration effectively reduced the ammonium concentration from 5,000 mg/L
to 3,000 mg/L and maintained this level during the following 75 days (3 HRTs). Correspond-
ingly, the biogas production performance was recovered as evidenced by the daily volumetric
biogas production increasing back to 1.4 +0.1 L/(Ld). This indicated the potential of the
integration of air stripping for ammonium mitigation and control in an anaerobic digestion
process with liquid digested slurry recirculation.
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FLEXIBLE METHANE PRODUCTION USING PI CONTROLLER WITH SIMULATION BASED SOFT SENSOR

Niloofar Raeyatdoost, Robin Eccleston, Christian Wolf
Flexible methane production using Pl Controller with simulation
based soft sensor

# PI control, soft sensor, gain scheduling, flexible biogas production

Contribution of renewable energy sources to electricity production is increasing continu-
ously. Considering the variable demand of electricity from consumers and the highly volatile
electricity production from various power systems, a balancing approach which can provide
flexible, demand-driven electricity production is beneficial. Since anaerobic digestion (AD)
plants have the potential for producing biogas as needed, it can play a significant role in
power balancing. In a demand-driven biogas production approach, more biogas should be
generated at times of high electricity demand and less during times of lower demands. Alter-
natively, the surplus in biogas could be stored and fed to power system when there is a high
demand. However, gas storage systems and their installation and maintenance always come
with extra costs and can be very expensive. Therefore, it would be advantageous to develop
flexible biogas production systems to minimize storage requirements. For this purpose, a
flexible feeding rate can be used to provide biogas production responding to variations in
demand.

The objective of this project is to develop a control system to produce biogas based on uti-
lization demand while less storage capacity is required. As the anaerobic digestion process
is highly nonlinear, in particular when it is operated over a wide range of biogas production,
which increases the nonlinear behavior of these plants, its stable control is one of the big-
gest challenges. Standard Pl controllers are an appropriate choice for a specific operating
range for a system. However, due to the need for flexible biogas production, the system
should be able to cope well with variable feeding rates from small to high values. Therefore,
conventional Pl controllers with fixed tuning parameters cannot compensate for the nonlin-
ear behavior of the system for all operating ranges. In addition, high feeding rates can cause
stability issues, which define a limit on the maximum safe feeding rate. Therefore, flexible
gas production while maintaining the stability of the system is a challenging problem which
requires an advanced control algorithm. In order to be able to evaluate the performance of
the developed controller, a biogas utilization regime should be defined.

In Table 1, a utilization regime which is also used in the paper (Mauky 2016) is illustrated. It

is assumed that the capacity of the combined heat and power unit (CHP) is larger than the
average biogas production by the plant (Mauky 2016).

Table 1: Weekly biogas utilization scenario used for controller evaluation (Mauky 2016)

Monday Tuesday Wednesday  Thursday Friday Saturday Sunday
7-15 7-14 7-15 7-14 7-14 9-12 11-12
Utilization
times 16-22 15-22 16-22 15-22 16-23 17-23 17-0
0-1

The proposed tuning method for the controller can compensate for the nonlinearity of the
system over a wide range of operation, whilst guaranteeing system stability. The designed
controller adjusts the input signal (substrate feed) to provide demanded biogas and keep
the gas filling level inside the storage tank between 20 % and 50 % of its maximum value.
In this paper, a novel Pl tuning approach is proposed which is a function of the stability of
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the system state and feeding rate. This method consists of a two-step parameter tuning. In
the first step to handle varying process nonlinear dynamics, a primary gain scheduling tun-
ing method is used. Firstly, step changes are applied to different substrate feeding rates
and dynamic characteristics of the output variable are captured. Secondly, based on main
dynamic plant behavior at each operating point, primary tuning of the PI controller is done by
gain scheduling. In the second step, a simulation based soft sensor is designed which esti-
mates the stability degree of the plant at each moment. The utilized soft sensor, which has
been proposed in (Irizar et al. 2018), can estimate the stability degree of the system which
can be classified in three categories of strongly stable, moderately stable and unstable sys-
tem by looking at the methane production profile for a pulse change in feeding rate. Based
on the current stability state of the plant, a secondary tuning variable is defined which is
applied on the tuning parameters of the Pl controller to ensure plant stability.

In Figure 1, a general overview of the developed control algorithm is illustrated. As it can be
seen, by means of feedback from current gas storage filling level, the controller is able to
adjust the input to keep the storage level at a desired value. In addition to this, parameters
of the PI controller are adjusted based on stability state and substrate flow rate.

Desired gas storage
filling level \l/

|

!

PI4 i I
7 i

. _; .
L, : > Soft Stability of
L | —->| sensor the state
I |
Q | i
| Gas
—— CHP
storage
Substrate
Gas storage flow
filling level

Figure 1 Flow chart of the biogas plant including PI controller and soft sensor
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LIGHT COOKING OF LIGNOCELLULOSIC BIOMASS AS A CHEAP PRE-TREATMENT FOR INCREASED BIOGAS PRODUCTION

Emil Brohus Lassen Agdal’, René Casaretto? Jens Born?,Jens Bo Holm-Nielsen'

Light cooking of lignocellulosic biomass as a cheap
pre-treatment for Increased biogas production

.# Lignocellulosic Biomasses, Biogas production, Light Cooking, Low-cost pre-treatment

Background/motivation

As the biogas sector keeps developing across Europe, the need for increased biogas produc-
tion from existing biogas plants becomes an important factor. The utilization of existing gas
distribution infrastructure will highly enhance the ability to distribute biogas across Europe.
Most modern biogas plant therefor includes upgrading-technology of biogas to biomethane
that can be distributed via existing infrastructure. Hence, removing the local output/produc-
tion constraints the biogas plants have been subject to in the past.

Lignocellulosic biomasses and grassland products, in general, shows great BioMethane
Potentials (BMP) (SawatpeeNARUNAT et al. 2015), (Youserl 2006), and thus should be of great
interest to the biogas sector. Cereal production in Europe is estimated to yield between 70
to 135 Mt annually (Mever et d. 2017). Problems, however, exists in order to ensure proper
and timely digestion of straw and fiber-rich products in the biogas reactors. Due to their
physical structure where cellulose and hemicellulose are encapsulated in a lignocellulosic
matrix, straw is deemed to have a low degradability. Further, a layer of wax coats the outside
of the straw lowering the accessibility to degradable cellulose and hemicellulose for the
microbes. Studies have shown an increase in biogas yield if straw from a variety of cereal is
treated with high-temperature water (Raeut et al. 2018).

Using high-temperature and high pressure for pre-treatment of straw is an energy-intensive
operation, as the method Steam-Explosion and other high-cost investments and procedures
shows.

Aim of the work

The aim of the work is to investigate and evaluate the potential for biogas plants to utilize
excess heat from already existing processes, as the input energy for a new low-cost pre-
treatment method for lignocellulosic biomasses. The ability to feed in more cheap carbon
rich biomass will potentially greatly increase plant profitability. However, light cooking is yet
to be fully investigated.

Key research topics, novelty, and Methods

The method, Light Cooking, has been investigated in order to evaluate the effect of a low-
temperature and low-cost treatment of wheat straw. In the temperature range from room
temperature - ambient temperature to 105 °C and a time range from 20 minutes to 60
minutes, the BMP of wheat straw has been evaluated.

B AAU Esbjerg, Dept. of Energy Technology
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LIGHT COOKING OF LIGNOCELLULOSIC BIOMASS AS A CHEAP PRE-TREATMENT FOR INCREASED BIOGAS PRODUCTION

Results

Preliminary studies show an increase in methane yield of 11.2 % for light cooked straw. It
indicates that light cooking potentially can increase the biogas yield from cereal straw but
further investigation is needed and is currently in progress. The results and analysis will be
finalized before the conference.

In general, it is well known that large amounts of residues from cereal production remains
unused on a European level (SearLe 2013; Scarcar et d. 2010). However, the key enabling
technologies to the full-scale incorporation of large quantities of lignocellulosic biomass
remains partially hidden. Light cooking may be one of the unlocking technologies to solve
this important issue.
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MONITORING AND OPTIMIZING NINE UK BIOGAS PLANTS

Denise Cysneiros
Monitoring and optimizing nine UK biogas plants: laboratory and in-situ
measurements, key process indicators and data analysis and interpretation

# Process monitoring and optimization, laboratory and in-situ measurements and analyses, key
process parameters, data analysis

Background

Over the last 2 decades, the biogas industry has grown significantly in Europe, particularly
in Germany. More recently, following a less attractive incentives policy, optimization of
existing plants is the main aim of operators. Although Anaerobic Digestion is not a new
concept, optimization of commercial plants is complex as there are many variables affect-
ing performance which are related to diverse disciplines such as farming, biology, engi-
neering, sustainability, amongst others. Optimizing biogas production and yields from feed-
stocks is particularly important to operators and therefore, monitoring different aspects of
the plants is essential to identify areas for improvement. The result of monitoring diverse
parameters is a large database that, if used by an appropriate data analysis tool and cor-
rectly interpreted, can be a powerful means to suggest areas for plants optimization. This
work presents the data obtained during 5 years of operation of 9 biogas plants in the UK.

Aim of the work

It is of interest of operators of anaerobic digestion plants to maximize biogas production
and utilization. The aim of the work was to identify key process parameters and areas of
optimization and tools and techniques for process monitoring. Furthermore, due to the
large amount and variability of data obtained during monitoring operation of full-scale
plants, the work aimed to investigate methods for data analysis and interpretation best
suited for the purpose of optimizing the plants.

Key research topics and novelty
Optimization of full-scale biogas plants. Optimization of feedstock. Laboratory and in-situ

analyses. Key process monitoring indicators. Data analysis and interpretation applied on
full-scale plants database.

MONITORING AND OPTIMIZING NINE UK BIOGAS PLANTS

Methods

Feedstock characterization:
Laboratory chemical composition and Biomethane Potential Tests.

Process monitoring:
In-situ analyses: Feedstock: DM analyses every alternate day. Digesters: FOS/TAC, pH, gas
composition (CH,, CO,, H_S, 0,) analysed daily in-situ.

Laboratory analyses: digesters, post-digesters and digestate: Volatile fatty acids (specia-
tion and concentration), macro and micro nutrients concentrations, ammonium, total
Nitrogen, total and organic DM. Process data: (obtained from the sites Scada system):
Feed rate, Retention time (level of tanks, volume pumped), stirrers (A and kW), biogas pro-
duction (CHP and biomethane injection), temperature of tanks, downtime, amongst others

Data analysis and interpretation:

The different aspects of the process were initially analysed individually and manually to
assess the importance of each variable. A Principal Component Analyses (PCA) was also
performed to analyse the database set and identify clusters, similarities and differences
between sites. The software used was JMP (SAS, IBM, version 14).

Results

Analysing and interpreting laboratory and in-situ analyses as well as process data in
combination was shown important for monitoring the sites and ensuring the process was
occurring as expected. Furthermore, the data analyses provided an insight of the process
which allowed identification of important areas to be optimized during the operation of
sites. During the 5 years this approach has been adopted, few examples of optimization
can be given: feedstock mixtures, harvest time and varieties of crops for biogas produc-
tion, increased retention time, improvement of stirring, use of additives, amongst others.
These improvements improved plants performance, biogas yields, costs, amongst others.
A more detailed analyses of results and quantification of benefits will be provided in the
presentation.
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SOFTWARE FOR MEASUREMENT AND PREDICTION OF METHANE POTENTIAL
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Software for measurement and prediction of methane potential
# BMP test, data processing, stoichiometric model, software, web application

This contribution describes software aimed at improving the efficiency of biogas research
and the biogas industry. With this free software users can process laboratory measurements
to calculate biochemical methane potential (BMP), predict methane potential from substrate
composition, and carry out simple conversions. In this contribution we will:

1. present a case for why standardized software is preferable to other approaches used
for these tasks,

2. provide an overview of the functionality of the software, and

3. demonstrate the utility of the software through short case studies.

Calculation of BMP from laboratory measurements is done with a relatively simple sequence
of calculations. Automated systems that return standardized cumulative volume of methane
(CH,) require the least data processing, while manometric or gravimetric methods require
the most. Although these calculations are simple, assumptions and algorithms used in dif-
ferent labs are not identical and are seldom completely described in publications. The use of
custom spreadsheet templates is the norm, contributing to non-reproducible research. Accu-
rate, simple, and repeatable data processing with open-source software provide a better
alternative, even if only to double-check the results of custom spreadsheets. The software
described here can process volumetric, manometric, gravimetric, and gas chromatography
measurements of biogas production using a flexible but consistent approach.

Maximum CH, potential of a substrate can be determined from measurement of chemical
oxygen demand (COD), elemental composition, or even nutritional analysis results (carbo-
hydrate, protein, and lipid content). The software described in this contribution provides an
easy, transparent, and consistent way to make these calculations, based on the microbial
stoichiometry approach presented by Rirtmann & McCarty (2001). With additional information
or assumptions on substrate degradability and partitioning between energy and cell syn-
thesis, along with reactor pH and temperature, it is possible to predict CO, partitioning and
estimate total biogas production and composition. Data processing and modelling possibili-
ties are described in more detail in a recent publication (Harner et al. 2018).
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The biogas software described here is available in two forms:
1. as an open-source add-on package for the R environment, called the “biogas” pack
age (https://cran.r-project.org/package=biogas), and
2. a web application called OBA (from Online Biogas App) that runs in any browser
(https://biotransformers.shinyapps.io/ obal/).

Use of the package is limited to those who are familiar with the R programming language,
but even so, has been downloaded more than 20,000 times since its release in 2015.
Detailed usage for OBA is not available, but running time is > 150 hours per month, sug-
gesting a user base of at least 100. OBA requires no programming skills as it is completely
mouse-driven. The app relies on functions from the biogas package in the background.
Several YouTube videos demonstrate how to use the web app:
https://www.youtube.com/channel/ UCXNGIWTnSkEalGaFuAKM_3A

While our own experiences and user feedback indicates that the software has clearly made
biogas research easier, its impact on the biogas industry is less clear. In its current form,
OBA can improve both the accuracy and speed of BMP calculations, and the model can be
used to estimate CH, yield and biogas composition from new substrates in a matter of sec-
onds. Both features can be useful to biogas plant operators. But additional tools for extrac-
tion of kinetic information and improvements in the model would be useful. We anticipate
that the software may serve as the base for a larger future platform that includes other
functionality. Development is on-going, and new functionality is regularly added to both tools.
Recent additions to OBA, for example, include new options for selecting BMP duration based
on common rate criteria.

In conclusion, by providing access to transparent standardized algorithms for data process-

ing and stoichiometric calculations, the software described in this contribution can contrib-
ute to more efficient and accurate biogas research and biogas plant operation.
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ROBUST VFA MEASUREMENT IN BIOGAS

Hartmann Hieber, Hartmut Gropius, Gabriele Mehl

Robust VFA measurement in biogas

# Online characterization of the biogas process, complex gas sensorics, data evaluation method for
VFA levels, programmable in situ recalibrationn

The target of the investigation is a quantitative characterization of the digester process by
sensor signal functions of volatile fatty acid (VFA) concentrations in the produced biogas.
Electronic control of the sensors and an algorithm for in-situ calibration are applied for high
operational stability.

The metal-oxide semiconductor (MOX) gas sensors with partial selectivity are operated in an
electronic circuitry which stabilizes the thermodynamic response functions of the sensors.
The continuous gas flow keeps the chemical activities of the gas mixtures during the meas-
uring sequences constant. Before setting up the equipment, a first calibration is carried out
in the laboratory using synthetic gas mixtures. When a certain parameter drift is achieved
the required on-site recalibration is automatically activated.

Due to the partial selectivity of the sensors to the VFA constituents in the biogas the signal
spectrum drifts with varying VFA concentrations. The diagnostics of the resul-ing transient
functions consists in the following steps: (i) Evaluation of dynamic sensor signal functions by
dimensionless representation of the complex data sets; (ii) approximation of the transient
function parameters; (iii) calculation of an 1-dimensional array for quantitative recording

the integral VFA constituent in the running biogas; (iv) fit of the heavy-tail experimental tran-
sients for asymptotic prediction. With this method the dynamic sensor signal functions from
the VFA can be separated from the signal back-ground which is caused by varying biogas
composition.

startvalues /.
compensation values
with dried / filtared ai
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Figure 1 Representative sensor characteristics related to constant start values — the time intervals are
divided into a phase of reoxidation (R) and a phase of VFA flow (V) with 100 ppm analytical pure acetic
acid; 5 sensors exhibit amplitudes between -60 % and -89 %, 2 sensors +12 % and +22 %; the time con-
stants between ~6.3 s and ~38 s yield spectra with high accuracy; in the laboratory calibration carbonate
buffer solutions are adjusted with pH measurement

ROBUST VFA MEASUREMENT IN BIOGAS

From a set of industrially available MOX sensors 7 sensors with sufficient selectivity for VFA
concentrations in the range of <10-6 to >10-4 are chosen, see the fig. In the laboratory
the calibration functions are measured using air and reducing gas mixtures as carrying
gases. Background is the pH calibration of buffered aliphatic acid mixtures. A logarithmic
addition rule is tested for the resulting transient parameters of the drift functions. The time
constants increase as time increases, revealing a spectral distribution of time constants.
From a derivative plot in log-time, the peak height, position, line width, and skewness are
used to accurately predict the asymptotic values to within less than few percent. It is seen
that the chemisorption and reoxidation kinetics of the sensors can be clearly separated.
Artificial addition of different constituents of biogas like H,, CH,, CO, can be separated from
the VFA single patterns.

The equipment with the adaptive software yields a cost-effective quantitative process control
for biogas digester. No access to the sludge in the digester is required. The upcoming work
deals with the further evaluation of the thermodynamic data of the biogas in the fluidic sys-
tem. The online data evaluation makes possible to identify whether the measurement dura-
tion is long enough to extract the time constant spectra from one reduction interval. This
method reduces the corrosion rate of the MOX sensors due to H,S in the biogas.
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RESIDUAL GAS POTENTIAL DIFFERENCE BETWEEN THE SUMMER AND WINTER SAMPLES

Benedikt Hiilsemann, Lijun Zhou, Hans Oechsner

Residual gas potential difference between the summer and
winter samples

# Full-scale, residual potential, biogas, methane

Introduction

Renewable Energy Sources Act (2017) restricted new biogas plant in Germany, in the case
of installations commissioned after 31 December 2016 and digestate facilities constructed
after 31 December 2011, the hydraulic retention time (HRT) in the gas-tight system which is
connected to a gas consumption device amounts to at least 150 days (BMU 2017). Accord-
ing to the VDI 3475, biogas plant built before 2012 needs to have a HRT of 110 days in
heated system or 150 days in gas-tight system. Otherwise, a verification of less than 1.5 %
residual methane potential of daily produced methane is necessary once a year.

The HRT differs strongly between winter and summer seasons as digestate is not allowed to
be sprayed in fields in winter time (1 December - 10 January) (BMU 2017). A longer diges-
tate storage time is needed compared to summer season, which will result in a different
residual methane potential in biogas plants.

The goal of this work is to investigate residual methane potential among winter and summer
seasons in full scale biogas plants, and investigate their differences if any.

Material and Methods

Residual gas potential test

Residual gas potential test was carried out with the Hohenheimer Biogas Yield Test (HBT),
which follows the guidelines of the VDI 4630. The digestion of the homogenized samples
took place in 100 mL glass syringes in a motor-driven rotor, which is located in an incuba-
tion chamber. Each HBT test was conducted with three replicates at 25 °C and 37 °C over a
period of 60 days (MitTwea et al. 2012; RuiLe et al. 2015).

Full-scale biogas plant and sampling

Sample collection of all full-scale plants was carried out both in winter and summer time. All
samples were cooled down to 4°C immediately after the sampling. Residual gas potential
test were conducted for each sample.

In addition to the residual gas potential, actual plant operation data, such as power genera-
tion and consumption amount, substrate input and temperature, were recorded.

All samples were analysed for dry matter (DM), organic dry matter (ODM) for all samples
were determined in accordance to DIN EN 12880 and DIN EN 12879. Content of volatile
fatty acids (VFA) were determined by capillary gas chromatography (GC) (type CP3800 with
a FID-detector, capillary column WCOT Fused Silica, Agilent Technologies Germany GmbH,
Boblingen, Germany), as detailed in (Haac et al. 2015) and (LinonNer et al. 2016).

RESIDUAL GAS POTENTIAL DIFFERENCE BETWEEN THE SUMMER AND WINTER SAMPLES

Results

The difference of residual gas potential between summer and winter samples is strongly
depend on the HRT of each individual biogas plant. However, there is no clear effect found
due to low degradation of digestate samples, which is usually stored in an unheated tank in
a full-scale biogas plant.
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OPPORTUNITIES FOR OPTIMISATION AND VALORISATION IN REAL-TIME PRODUCTION & MONITORING OF ANAEROBIC DIGESTION (AD)

Sarah Hunter', Zhu Xiaowen', Goa Fan', Yi Mingjie', Edgar Blanco?, Aiduan Borrion’
Opportunities for optimisation and valorisation in real-time
production & monitoring of anaerobic digestion (AD)

# Anaerobic digestion, optimisation, microbial characteristics, additives, valorisation

Anaerobic digestion (AD) is a nature inspired technology converting organic waste to biogas
and nutrient rich digestate. The implementation of AD can lead to generation of renewable
energy and circular economy solutions to organic waste. However, uptake of industrial-scale
AD in the developing world, and high standards of process control have been limited by mon-
itoring equipment and the limited local research work done on locally available feedstock.

For the same reason, existing AD plants offer no rapid or detailed diagnosis of the biochemi-
cal balance of digesters, such as stress, build-up of inhibitors, scope for feedstock to be fed
or reduced etc. As a result, most AD plants are not optimally operated, are oversized, and
still run blind regarding the onset of inhibition or toxicity. No real-time metrics have been
developed for use by industry to proactively optimise performance through new feedstock,
nutrient supplementation, changes in organic loading rate, or temperature.

This project, in collaboration with Anaero Technology, aims to develop advanced metrics that
can be used to develop and test control algorithms for real-time monitoring (an initial step
for artificial intelligence control of biorefinery), and to acquire or develop dedicated Nano
sensors for industrial control probes.

Currently results from a comprehensive literature study have highlighted the following
research topics:

» Microbial characteristics

» Optimisation of methanogensis

» Impacts of chemical additives in nanoscale
» Alternatives products of AD

Research regarding the microbial communities of AD has focused on characterising those
pertinent to each stage of AD, exploring the difference between microbial communities for
mesophilic and thermophilic conditions, wet and dry conditions and the impact of inhibitory
substances on microorganisms. Gaps in the research have been identified around the pre-
treatment and the impact it has on microbial communities.

Focusing on the methanogensis stage, a number of key parameters are reported to have a
significant impact on methane production; temperature, volatile fatty acid concentration, pH,
carbon/nitrogen ratio, ammonia, long chain fatty acids and metal elements. Standard chro-
matographic methods are frequently used in studies for monitoring these parameters, how-
ever recent exploration into spectroscopic and electrochemical methods shows potential.

B Department of Civil, Environmental & Geomatic Engineering, University College London, Chadwick Building, Gower Street, London, WC1E 6BT
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In the field of nano-additives, reports of zerovalent metals alongside pure metals, metal
oxides, metal chlorides and non-metal compounds have been explored. It has been reported
that nanoparticles with trace elements can enhance the performance of AD, by promoting
hydrolysis and methanogensis. A number of mechanisms have been theorised for these
effects; impact of dissolved ions, impact due to enzymes or coenzymes, change of electron
transfer pathways, damages on microbe cell membranes, release of oxygen species and
disruption of intracellular homeostasis. Gaps identified in the research include a limited
selection of nanoparticle types, variation in feedstock’s and experimental methods.

Exploring the products and intermediates of AD shows potential for a number of oppor-
tunities for valorisation of the process. Use of AD for volatile fatty acid production is well
documented and could have high economic potential. Similarly, the production of phenolic
compounds is a relatively unexplored research area with applications within the food &
beverage, nutraceutical and pharmaceutical sectors. Increased operational understanding
of AD could lead to opportunities to use the technology to produce these novel, high value
products.

The outlook of the project is to explore the key focus areas discussed. A combination of
computational and experimental techniques will be used and data generated will be used

in development of the advanced metrics discussed. Future results are expected to provide a
holistic picture of anaerobic digester operation and therefore as a starting point for real time
monitoring and control algorithm development.
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HYDROGEN CONCENTRATION AS A POSSIBLE CONTROL PARAMETER FOR BIOGAS PLANTS

Thomas Kirner, Ellen Euchner, Bettina Manns, Hussein Beganovic, Marcus Kiuntke, Dieter Bryniok
Hydrogen concentration as a possible control parameter for
biogas plants

# Process Control, hydrogen concentration, optimizing biogas yield

Background/motivation

Anaerobic digestion processes are used in biogas plants for producing methane as a source
of energy. The biological metabolic processes in biogas plants are complex and difficult

to understand for the operator. Many of the over 9,000 biogas plants in Germany are not
operated in the optimal range. This results in incomplete substrate degradation, inefficient
biogas yield, acidification, emission of methane, ammoniac, hydrogen sulphide, volatile
organic acids and foam generation. All these effects reduce the yield of bioenergy. In order
to optimize the fermentation process we investigated the anaerobic digestion process by
using different model substrates (glucose, cellulose, starch and albumin). The obtained
analytical data were compared to the results of a mathematical model.

There are no reliable and easy to detect parameters to identify disturbances of an anaerobic
biological digestion processes at an early stage. Easy to detect parameters like the pH-value
in the reactor or high concentrations of ammoniac or hydrogen sulphide in the biogas indi-
cate disruptions of the process too late. Reduced biogas yields or even the breakdown of the
degradation process cannot be prevented. The concentration of volatile acids or VOA-TAC-
value (Ratio of volatile organic acids and total anorganic carbon i.e. the buffer capacity) are
not capable for fast on-line-analysis due to the effort for sample preparation. To solve this
dilemma we compared many analytical data with the biogas yield in different stages and dif-
ferent substrates of the process.

Aim of the work

Aim of the work was the development of a reliable and easy to use process control technol-
ogy. Hence we addressed the following aspects:

» Deeper understanding of the biological process and interactions with the reactor
» Optimized sensor technology for online-monitoring and process-control

» Analysis of the population of microorganisms in the reactor

» Mathematical models to identify possible control parameters

» Comparing the results of different fermentation processes on laboratory scale

Parameters should be derived, which can serve for a model-based process control. Also
microorganisms should be identified, which can serve as a guide for a genome- or protein-
based population analysis for process monitoring.

Key research topics and novelty

The analytical parameters of experiments were compared to the results of the model and to
the biogas yield of the different reactors. Different plants in laboratory scale with different
substrates were used to get these parameters like VOA-TAC-value, compositions and con-
centration of fatty acids, microbial community composition and also methane and carbon
dioxide in the biogas. Also new sensors were tested like a sensor for hydrogen concentration
in the gas phase and a miniaturized polarimeter to detect the angle of rotation of polarized
light. All parameters were detected during different states of the digestion process.

HYDROGEN CONCENTRATION AS A POSSIBLE CONTROL PARAMETER FOR BIOGAS PLANTS

Methods

The fed-batch experiments were performed in 2-L and 8-L bioreactors equipped with gas
meters and sensors for methane and carbon dioxide. Total solids and total volatile solids,
VOA-TAC, and pH were measured. VFAs (volatile fatty acids) and amino acids were analyzed
with ion exclusion chromatography equipped with a conductivity detector or an amperomet-
ric detector, respectively. The microbial community composition was identified using lllumina
Amplicon sequencing. The mathematical model based on the ,Anaerobic Digestion Model
No. 1“(ADM1, BatstonE et d. 2002).

Results

The anaerobic digestion process has a high hydrogen sensitivity (table 1).

Table 1 Threshold H, partial pressure of different anaerobic digestion phases of the biogas building pro-
cess (THauer et al. 2008; Stawms, A. J. M. (1994); HArRPER and PoHLAND (1986)).

Treshold H, partial pressure

Acetoklastic methanogenesis > 10 Pa
Hydrogenotrophic methanogenesis <10 Pa
Homo-acetogenesis 52-95 Pa
Propionat oxidation > 10 Pa
Butyrat oxidation > 100 Pa
Ethanol and lactat oxidation 105 Pa

Even relatively low hydrogen concentrations have a regulatory effect and may affect the
metabolic pathways of the reactor. A low substrate load results in a low hydrogen pressure
and acetate as the predominant volatile fatty acid. In contrast, high loads lead to a high
hydrogen pressure (> 10-4 atm) and subsequently to an increased formation of propionate,
butyrate and lactate. An accumulation of these fatty acids can lead to a significant impair-
ment of methane production (BiscHorsBeRGER et al. 2005; Bauer et al. 2008, 2009; ScHiepeR et
al. 2010; Harrer and PoHLAND 1986). Our experiments show that the hydrogen pressure can
be used as a parameter for early identification of the reactor state.
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USE OF MANGANESE OXIDE TO OXIDIZE HYDROGEN SULPHIDE IN BIOGAS

Izabela Konkol, Jan Cebula, Adam Cenian

Use of manganese oxide to oxidize hydrogen sulphide in biogas
# Biogas, hydrogen sulphide removal, hydrated manganese

There are many methods for removing hydrogen sulphide from biogas. However, most of
these methods are somewhat limited and new solutions are being looked for and investi-
gated. In this paper new findings related to removal of hydrogen sulphide from biogas using
catalytic MnO, are presented. The hydrated manganese (IV) oxide produced during manga-
nese removal from drinking water is used as the H_S sorbents and oxidation catalyst. Beech-
chips were coated with manganese (V) oxide to form the sorbent/catalyst bed. A more
efficient adsorption and faster regeneration of this bed in comparison to the iron-oxide bed
was confirmed. The concentration of hydrogen sulphide in biogas produced from chicken
manure dropped from about 1,650 to less than 5 ppmv after passing the filter. Similar effec-
tiveness of the bed for biogas cleaning in the waste-water treatment plant was confirmed.
Besides, it was found that effectiveness of hydrogen sulphide removal depends not only

on the MnOQ, content but also on the size of particles. The smaller the particles, the larger
biogas-flow resistance caused by the bed and more effective oxidation of hydrogen-sulphide
molecules. The elementary sulphur produced during six-month filter-operation limited the
access of hydrogen sulphide molecules to the catalyst and hydrogen sulphide concentration
in the cleaned biogas increased to 45 ppmv.

Izabela Konkol

REMOTE MONITORING OF BIOGAS PLANTS: BRAZILIAN CASES

William Carlos Marenda, Larissa Schmoeller Brandt, Juliana Gaio Somer, Breno Carneiro Pinheiro

Remote monitoring of biogas plants: Brazilian cases
# Monitoring system, Biogas Plant, Distributed Generation, Internet of Things

The increasing demand for electrical power and the concern with the environment impacts
has boosted the biogas production sector in Brazil. According to the National Electric Power
Agency (ANEEL), the brazilian installed power has increased by 14 % in the 2016-2017
biennium to a total of 163 GW. The 38 biogas plants registered at ANEEL add up to 149
MW installed power. The biogas potencial in Brazil has fomented new projects, of different
dimentions, integrating the energy utilization of residual biomass, especially in the agricul-
tural industry.

Biogas plants demand an automation and monitoring level that justifies the installation of
online monitoring and control systems.The purpose of this paper is to exhibit the monitoring
solutions developed by CIBiogas-ER and its partners for biogas production plants and eletri-
cal power generation. Adopting the philosophy of internet of things, the systems allow the
monitoring of several variables simultaneously.

The fisrt case introduced is the biomethane plant installed in ITAIPU, developed in part-
nership between CIBiogas-ER and Itaipu Binational Hydroeletric Power Plant, which have
installed the plant to treat the organic waste produced in the restaurants of the Itaipu com-
plex, generating biogas and biomethane for the continious supply of its fleet of vehicles.
Aside of attend a susteinable plan which reduces the environment impacts resulting of

the apropriate treatment, this plant fosters the economical, technological, social and envi-
ronmental developing in the direct envolved areas, generating informations that allow the
unfolding of analisys for the replicability of the project. Figure 1 shows the installed plant in
Itaipu.

Figure 1 Biogas/Biomethan production plant installed in Itaipu Binational Hydroeletric Power Plant.

ClIBiogas-ER also contributed to the installation of several other biogas plants throughout
the western Parand, southern Brazilian state. The biodigesters installed in rural properties of
cattle and pigs transform environmental liabilities (organic waste) into energy assets (electric

Institute of Flow Machinery Polish Academy of Contact energy). Due to the geographic dispersion of these biogas plants, a remote monitoring sys-
Sciences +48 (0) 58 52 25 188 tem was developed that currently monitors biomass temperature, biogas flow and electrical
Fiszera 14 Street, 80-231 Gdansk, Poland izabela.konkol@imp.gda.pl energy data in five units (GALVAO et al). Figure 2 shows details of the developed solution.
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Additionally, CIBiogas-ER and the Laboratory of Automation and Simulation of Electronic
Systems (LASSE), in partnership with Companhia Energética do Parana (COPEL), develop

a research project linked to ANEEL, which aims to install a grid of 23 km for the transport

of biogas produced in 19 pig farms in the municipality of Entre Rios do Oeste in the state

of Parana. Biogas flows from the farms to a Thermoelectric Power Plant, where electricity is
produced and used to compensate the energy consumed by the city’s buildings. To monitor
the entire plant, covering the farms, biogas grid and thermoelectric power station, a remote
monitoring system, adapted for long distance data transmission using LoRa (Long Range), is
under development. LoRa is a radiofrequency communication technology. The architecture
of the projected solution is shown in Figure 3.
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plant.
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NCREASE OF SAFETY-RELATED REQUIREMENTS FOR BIOGAS PLANTS

Gerhard Rettenberger

Increase of safety-related requirements for biogas plants following
the example of the chemical industry - development of model
P&ID-flow charts with all safety-related circuits

# Biogas plants, safety, measurement and control technology, P&ID-flow charts

In the present draft of the technical rule on installation safety “Safety requirements for
biogas plants” - TRAS 120 - a concept for monitoring is required in which the operator must
determine which conditions and processes have to be monitored to ensure the intended
operating by technical provisions or organizational actions. In the technical rule different
suggestions are mentioned and the working group “Biogas plants” of the commission on
process safety prepared suggestions for configuration of a biogas generation plant with
safety-relevant measurement and control technology. At present, on behalf of the Federal
Environment Agency of Germany and in cooperation with the working group “Biogas plants”
of the commission on process safety, Prof Rettenberger and his team work out models of
process flowsheets and P&ID-flow charts separated for agricultural biogas plants and waste
fermentation plants to relieve the implementation of the TRAS 120. The safety-relevant
measurement and control technology is to be taken center. The models are initially valid for
plants that are subject to the German major accident ordinance (Stérfall-Verordnung). The
flowsheets should be editable by potential users so that they can adapt them on technology
and mode of their plants.
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MODEL-BASED PROCESS OPTIMIZATION OF BIOGAS PLANT OPERATION

Manuel Winkler, Séren Weinrich
Model-based process optimization of biogas plant operation
# Flexibilization, Model-predictive control, Optimization

The European Union aims to reduce carbon dioxide emissions by 40 % of 1990 levels by
2030. While the two main technologies of renewable energy production, photovoltaics and
wind power, can produce enormous amounts of carbon-neutral electricity at comparatively
low cost, their performance depends directly on the weather and introduces instabilities into
the power grid. Therefore, flexible storage and supply solutions are needed to guarantee a
stable power supply. Biogas plants play a key role, since they can provide power on demand.
The aim of this work is to present model-based process control strategies, which can be
used to enable existing biogas plants for flexible operation.

Currently, most of Germany’s approximately 8,700 functioning biogas plants (DANIEL-GROMKE
et al. 2018) are designed for continuous operation. However, to meet the abovementioned
goals, process flexibilization both by hardware upgrades and targeted feeding modula-
tion is indispensable (Haun et al. 2014). In particular, substrate management demands an
increased level of process monitoring and control to guarantee highly flexible, efficient and
stable plant performance at all time.

From a modeling point of view, flexible operation of full-scale biogas plants presents several
challenges. Data on biogas production rates and quality are rarely available and typically
include great measurement uncertainty. Furthermore, it is complicated and costly to meas-
ure important state variables in the fermenter, e.g., concentrations and growth rates of the
involved microorganisms. Profound substrate characterization data is scarce and subject to
significant error.

If properly calibrated, the mass-based Anaerobic Digestion Model No. 1 (ADM1) and its
reduced stages (ADM1-R1 to ADM1-R4) have shown their applicability for dynamic simula-
tion of biogas production in individual fermenters (Weinrich 2017). Also, it has been demon-
strated that the biogas process remains stable under frequently changing feeding strategies
at full-scale conditions (Mauky et al. 2016). However, an overall concept of a control and
optimization strategy for an entire plant concept is still unpublished.

MODEL-BASED PROCESS OPTIMIZATION OF BIOGAS PLANT OPERATION

The focus of the current study is to combine submodels of the fermenter, gasholder, and
the combined heat and power plant (CHP) into an overall plant model. Considering several
external inputs, including weather forecasts and daily electricity prices from the European
Power Exchange (EPEX), economically optimal and technically feasible feeding and power
generation schedules are ascertained to maximize plant owners’ revenue (see also Figure
1). Biological process stability is implicitly regarded by the model.

Since CHPs are not operated under partial load in practice, and the dependency of feeding
and biogas generation is nonlinear, the optimization problem assumes the form of a mixed-
integer nonlinear program (MINLP) whose convergence is slow and whose results depend
strongly on the initial values and employed solver. As a viable alternative, a decoupling of
power generation and feeding schedule optimization has shown good preliminary results, as
long as the outcome of each optimization can be neatly interchanged. Grid schedule is taken
from price-rank method (PRM), given that the ratio of installed CHP capacity to rated power
and thus, runtime per week, is fixed.

Feeding optimization accommodates times and amounts of feeding in such a way that oscil-
lations in the gasholder, induced by flexible CHP operation, are minimized. Even though
usage of detailed fermenter models like ADM1 would be preferable, computational runtime
does only allow its usage for short-term optimization. Thus, for longer forecast periods, sim-
plified fermenter models are employed because of their much faster convergence. Fermenta-
tion of organic dry matter (ODM) is modeled as first-order reaction, neglecting pH equilibria
and inhibition, which allows for an analytic solution of the balance equations. These results
can then be taken as initial values for short-term optimization with the detailed models.
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MONITORING OF AMMONIA IN BIOGAS

Heike Wiinscher, Thomas Frank, Andrea Cyriax, Ingo Tobehn-Steinhduser, Thomas Ortlepp

Monitoring of ammonia in biogas
# Impedance, conductivity, resistance, condensate

In order to optimise the processes in a biogas plant it is necessary to determine continuously
the control parameters during the fermentation process. Due to the interference of bacteria
activity, the ammonia content is one of the important factors. However, ammonia cannot easily
be determined by standard procedures. Usually a sampling process is necessary. Therefore,
the aim of this work was the development of a system for the continuous monitoring of ammo-
nia in the raw biogas.

As a result, a new measurement system has been constructed which is intended to be placed
in the gas room above the fermenter. The measurement bases on the impedimetric princi-

ple, where a condensate is generated on the surface of an interdigital electrode (Fig. 1). The
condensate fills the complete measurement surface and forms drops. For determining the
conductivity of these drops impedance spectroscopy is performed. The ammonia of the biogas
causes a decrease in the impedance due to a decreasing electrical resistivity of the drops in
comparison to a pure aqueous condensate. The ammonia content in the gaseous and the con-
densed phase of the fermenter is related by Henry’s law, so that the content in the condensate
can be used to determine the concentration in the gas.

Condensate
droplets

Cooling

Interdigital
electrode

RN,

Saturated
vapour

Figure 1 Measurement principle Figure 2 Interdigital electrode on a printed circuit
board

MONITORING OF AMMONIA IN BIOGAS

In this system, the interdigital electrode is mounted on a thermoelectric element which is
embedded in a printed circuit board (Fig. 2). The condensate is generated from the biogas by
cooling down the interdigital electrode below the dew point. Using a PID controller a constant
condensate temperature is achieved. After a period of equilibration, a stable measurement
signal is obtained which can be used to determine continuously the ammonia. The imped-
ance of the condensate is decreasing with a growing ammonia content of the gaseous
phase. This is due to the extremely high solubility of ammonia in water and the formation

of ions by the interaction with water molecules. However, the impedance is influenced by all
other volatile and condensable components, especially by organic acids or hydrogen sul-
phide.

In this work, the measurement system is characterized by electrochemical impedance
spectroscopy (EIS). Using artificial mixtures, the influence of the matrix composition on
the impedance of the condensate is investigated. Calibration functions are given. Results
regarding the life time of system components are shown.

References

VDI 3496 Blatt 1: 1982-04.

URL: http://www.renewable-energy-
(Status: 29.10.2018)

Heike Wiinscher

CiS Forschungsinstitut fiir Mikrosensorik Contact
Konrad-Zuse-Strae 14, 99099 Erfurt, Germany +49 (0) 361 663 1478
hwuenscher@cismst.de
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ANAERO TECHNOLOGY

anaero technology

Anaero Technology builds on over 21 years of AD and wastewater research experience. We
have developed and patented equipment that is easy to use, robust, consistent, and capa-
ble of using the same inoculum, and feed, of full-scale plants. We improve access to AD
research and optimisation whilst driving research standards up. We offer:

1. Biomethane potential (BMP) reactors for characterisation of feedstocks, identifying
the presence of potentially toxic or inhibitory substance in the feedstock.

l from £9200 £11000

2. Auto-fed CSTRs- novel anaerobic digestion research bioreactors capable of automati-
cally feeding heterogeneous feedstock, as used in full-scale AD operation. Autofed
reactors deliver high quality replication of full-scale AD processes, from feed to diges-
tate storage in a gas-tight setting that allows efficient mass balances.

, £17500

f mecs 1,
Feeder (I} | 1.8-10
Temp(C®)  To95
Feedsfday | 0-999

Voltage (VAC) | 110 or 220

i
Foocor (1) | 018 Prede

) Temp(C*) | Ta9s F Img‘j ‘;?g-;;
Feeds/day | 0-999 reeds/duy

Voltage (VAC) | 1100 220 Voltage (VAC) | 110 0r 220

Anaero also carry out collaborative research with industry or academic institutions using
the auto-fed digesters and BMP equipment at Anaero Tech. Cambridge laboratory.

Address Contact Web
Unit 5 Ronald Rolph Court Edgar Blanco edgar.blanco@anaero.co.uk,
Cambridge CB5 8PX Rashimi Patil rashmi.patil@anaero.co.uk

www.anaerotech.com

Address
Blumenstrafe 16

BAYWA R.E. BIOENERGY GMBH

BayWar.e.
renewable energy

BayWa r.e. Bioenergy GmbH

Through the BayWa Group, our expertise and experience working with the agricultural com-
munity stretches back over decades. We have helped design, develop, construct, commission
and successfully run bioenergy plants across Germany and into wider Europe. Adding value at
every stage, we are leading the rapidly growing repowering market and are helping our cus-
tomers to ensure the long-term viability and operation of their bioenergy plants.

Portfolio
References in the field of monitoring & process control of anaerobic digestion plants:

» Repowering project Pliening; retracing Germany s first biomethane plant into success
» Monitoring the entire biogas portfolio with one manufacturer independent system

Further information

www.baywa-re.com/de/bioenergie/

Contact Web

Karlheinz Meier & Frank Gold www.baywa-re.com/de/bioenergie

93055 Regensburg, Germany +49 941 698730-0

karlheinz.meier@baywa-re.com
frank.gold@baywa-re.com




BIOPROCESS CONTROL AB

bio I CCess

Address
Scheelevagen 22
223 63 Lund
Sweden
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Bioprocess Control AB

Bioprocess Control Sweden AB is a market leader in the area of low gas flow analytical instru-
ments for biotechnology related applications. The company works with the development of
smart instruments that allow for more efficient, reliable and high-quality research and analy-
sis, leading to significant reductions in time and labour.

Based on our recent statistic, Bioprocess Control has over a thousand customers from nearly
500 organizations in 60 countries, covering both academic research institutes and industrial
players in biogas, wastewater and animal nutrition sectors. Currently, there are about 400
scientific publications based on experimental data generated by Bioprocess Control's smart
instruments and more are added each month.

Portfolio

http://www.bioprocesscontrol.com/academy/online-courses/industrials-lesson-1-of-4-key-
challenges-to-advance-the-sector,

Further information

http://www.bioprocesscontrol.com/support/scientific-references/

I Biogas laboratory
technologies
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An Evalu_t{p_n
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Contact Web
Mihaela Nistor www.bioprocesscontrol.com
+46 708769794

mn@bioprocesscontrol.com

BLUESENS GAS SENSOR GMBH

BlueSens

understanding bioprocesses

BlueSens

B R N N NN NN N

Address

Snirgelskamp 25
45699 Herten

Germany

BlueSens gas sensor GmbH

BlueSens - understanding bioprocesses

BlueSens develops and manufactures gas analyzers, gas volume measurement devices and
software for bioprocess applications. The product portfolio comprises single (BCP-series) and
combined sensors (BlueVary, BluelnOne) for a variety of gases (CH4, 02 / CO2, CO, H2 and
Ethanol). Especially suitable for optimiziation in biogas R&D and production is the automated
BMP (biomethane determination) tool Yieldmaster. Yieldmaster is a modular setup adapting
to the customer’s needs. Starting with single gas volume measurement (BlueVCount) it can
additionally be equipped with gas analyzers (BCP-CH4). In its high end version “All-in”, Yield-
master comes as a complete system with waterbath and stirring.

All analyzers are easily integrated directly in the off-gas flows. They measure in realtime, have
no direct contact to the substrate and are applicable for all process scales.

BlueSens simplifies optimization of process procedures and yields and thus enables and to
gain a deep process understanding

Portfolio

» Single gas analyzers for various gases (CO,, O,, CH,,
H,, Ethanol etc.)

» Analyzers for biogas application: single sensors and
complete BMP determination system (Yieldmaster)

» gas volume measurement via BlueVCount

» combined gas analyzers for measurement of 2 gases
in parallel BlueVary, BluelnOne

» BlueVis Software for the monitoring, logging, visualisa-
tion and management of fermentation processes

Contact
Dr. Holger Muller Web
+49 (0) 2366 4995500 www.bluesens.de

holger.mueller@bluesens.de



BOREAL EUROPE BV
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Boreal Europe BV

Boreal Europe BV develops analysers for measuring gases (CH,, CO,, CO, N,O, NH,) with DFB
laser technology. We provide accurate gas concentration data combined with a fast response,
on-line continuous measurements and client specific solutions. Our instruments are used to
determine emissions, concentration in process applications and safety monitoring.

Our gas-analysers are low-maintenance for single or multiple species. Standard a 1 second
response time (or less) for a quick and accurate process control. Self-verification of the

INSTITUTE FOR BIOGAS WASTE MANAGEMENT & ENERGY

Institute for Biogas
Waste Management & Energy

Prof. Dr.-Ing. Frank Scholwin

Institute for Biogas, Waste Management & Energy

Based on many years of experience in research and consulting Prof. Dr.-Ing. Frank Scholwin
founded in 2012 the Institute for Biogas, Waste Management & Energy in Weimar. In close
conjunction with a network of national and international experts independent scientific con-
sulting services are provided.

The main targets are to implement biogas technology in order to contribute to the sustain-
able transition of the energy system from fossil fuels to renewables and to create sustain-

calibration by an internal stable reference cell. Multichannel Technology makes it possible to
have up to 8 measuring points with only 1 analyser. With outdoor sensors a so called “open
path” is possible. A large number of research and consultancy projects incorporating the linked and some-
times conflicted fields of biogas technology, energy management, agriculture and waste
management was carried out or coordinated. This has already resulted in large numbers
of projects providing consulting services to plant operators, power supply utilities, financial
Portfolio institutions, professional bodies and government agencies, enabling Professor Scholwin to
acquire an expert and up-to-date understanding of the organisational, technical and eco-
nomic needs and concerns of that client base.

able material life-cycles.

We can develop and produce client specific solutions to meet the requirements.

References in the field of monitoring & process control of anaerobic digestion plants
» DFBZ
» BOKU A large number of publications on biogas topics has been written during the last years. Prof.
Scholwin is member of a number of scientific bodies and scientific boards/committees.
Further information
Besides other services, the Institute of Biogas Waste Management and Energy offers for
http://www.boreal-laser.nl/downloads-customers/Brochures/ example:
Biogas process control of medium and large-scale biogas plants
» Biogas plant performance optimization based on detailed technical and economic
analysis
» Evaluation of individual future scenarios for biogas plant operation (e.g. post EEG, flex-
ible energy production, self-supply, biomethane for grid injection and/or use as vehicle
fuel)
» Expert witness reporting in cases of dispute (both in court and out-of-court).
» Consulting of political decision makers with regard to the development of incentives
and regulative framework for biogas production and use
» Knowledge transfer (seminars, workshops and conferences)

Further information

https://biogasundenergie.de

Address Contact Web Address Contact Web
Distributieweg 62 Michael Sosef www.boreal-laser.nl Steubenstr. 15 Frank Scholwin www.biogasundenergie.de
2645E] Delfgauw, NL +31 15 7601011 99423 Weimar +49 1772885623

michael.sosef@boreal-laser.nl Germany scholwin@biogasundenergie.de



SOLAGA UG

sologo"

Solares Bmgas

solaga UG

Solaga is a young startup that works with extraordinary biological structures: Biofilms. We
have developed ALWE carefully and with great attention to detail. ALWE is a “living image” that
brings a natural green to lifeless, grey walls. At the heart of ALWE are microalgae which can
render air pollutants harmless.We also developed a system where biomass in form of natu-
rally secreted products from algae is used in a multilayer UASB reactor to produce biogas in a
decentralized matter. That is currently tested outside our lab.

Portfolio

References in the field of monitoring & process control of anaerobic digestion plants:
» Biogas from Algae - Project in Berlin
» Algaefacade in corporation with GASAG

Further information

https://www.mdr.de/einfach-genial/eg-algenbilder-100.htm/

Address Contact Web
Johann-Hittorf-Str. 8 Benjamin, Herzog www.solaga.de/
12489, Berlin, Germany +49 (0) 1522 1904296

b.herzog@solaga.de

UMWELT- UND INGENIEURTECHNIK GMBH DRESDEN

m UMWELTLEISTUNGEN
@

Umwelt- und Ingenieurtechnik GmbH Dresden

Umwelt- und Ingenieurtechnik GmbH Dresden

We have what it takes for professional biogas Testing. The UIT offers high end solutions for continu-
ous fermentation tests of every form. From simple CSTR bioreactors to fully automated lab- and pilot
scale plants. Our skills include customizable container based solutions and control systems for exist-
ing fermenters. All our systems are modular and upgradeable in terms of measurement equipment.

Portfolio

» Delivery of biogas test plants to various national and international private and public
research institutions

Fig. 1 Container-based dry fermentation plant (plug flow)

Fig. 2 Biogas Test Plant BTP2-control with automated gas Fig. 3 Biogas Test Plant BTP2-control with automated
analysis feeding system

Address Contact Web

Zum Windkanal 21 Simon Ulm www.uit-gmbh.de

01109 Dresden +49 (351) 886 4655

Germany s.ulm@uit-gmbh.de




GO GREEN, AIM FOR A GREEN MEETING ORGANIZING INSTITUTIONS

Go green, aim for a green meeting

The aim of the event organisation is to contribute to the environmentally friendly realisation of the event and to
save resources. Events are associated with high energy consumption, increased waste production and increased
traffic. With many coordinated measures, we strive to keep the impact on our environment as low as possible.

Following aspects were taken into account:
If you have more ideas, let us know!

Venue

The Leipziger KUBUS is run by the Helmholtz
Centre for Environmental Research - UFZ,
which is certified according to EMAS lll, a rig-
id eco-audit for public institutions. By build-
ing the Leipziger KUBUS in 2004 ecological
aspects were taken into consideration, e. g.
the foyer is heated by geothermal energy dur-
ing winter, coated glass slats in front of the
glass facade reduce the heat load in sum-
mer and the rooms™ heat recovery is provid-
ed by exhaust air. For all events hosted in the
Leipziger KUBUS is waste separation obliga-
tory - also for extern organizers.

To determine the emissions associated with
an event at KUBUS, a CO, calculator is of-
fered. The determined CO, value is equiva-
lent to an amount of money that can be
paid to make the event climate-neutral. This
amount varies depending upon compensa-
tion form and/or - project between 6-20
euro per ton of CO,,.

More information: www.ufz.de/
leipziger-kubus

Compensation of CO, emissions:

As organizers we tried our best to keep CO,
emissions connected to the conference as
low as possible and chose an environmen-
tally friendly venue, catering and promoted
travelling by public transport.

Participants can also contribute to a better
climate footprint by e. g. compensating CO,
emissions of their own journey. Special com-
panies are for instance:

Info: www.atmosfair.de
or
de.myclimate.or;

Vegan and vegetarian catering

Keeping the climate footprint of our con-
ference in sight, we decided to offer only
vegan/vegetarian food and no meat. Many
of the dishes are made from regional and
seasonal products - if possible also from or-
ganic cultivation.

Your caterer during the conference is Go-
vinda Leipzig. GOVINDA, translated from
Sanskrit:

“The one who completely satisfies all the
senses.”

They use regional, seasonal organic prod-
ucts, cultivate cereals, are beekeepers them-
selves and obtain their organic raw milk from
the farmer from the neighbouring village.

Info: www.govinda-leipzig.de

Preventing leftover food

In order to avoid leftovers the catering com-
pany calculates the food as exactly as pos-
sible. In case there are leftovers - as reg-
istered participants do not appear at the
conference - doggy bags can be handed
over to the guests.

Donate food - food sharing:

The foodsharing initiative saves unwanted
and overproduced food at the event.
Foodsharing.com

Info: www.zugutfuerdietonne.de,
neuigkeiten

Recycling paper

Printed products like the conference reader
are made from recycled paper and comply
with the standards of the eco-label “Blauer
Engel”. In the future we aim for a nearly pa-
per-free conference.

Preventing paper waste

Publications are printed in small quantities
as far as possible

If required, participants can get conference
material at the registration desk. Additional
information materials and publications are
also available in the registration area..

Mobility

The conference takes place in the excellent
located Leipziger KUBUS. Participants reach
the KUBUS from the main station within 15
min by public transport (Tram 3/3E, heading
for “Taucha” or “Sommerfeld”, get off at stop
“Torgauer / PermoserstraRe”).

The organizers recommend to travel by pub-
lic transportation.

Get to know, why the Deutsche Bahn (Ger-
man Train) is even greener:

Info: gruen.deutschebahn.com/en

NextBike

There is a nextbike station directly in front
of the Leipzig Cube connected to the Leipzig
station network of nextbike.

Info: www.nextbike.de/en

Drinking water

At the IV. CMP as a healthy thirst quencher
drinking water will be provided in water ca-
rafes. We kindly encourage you to choose the
drinking water as it contributes to the envi-
ronmentally friendly realisation of the event.
The drinking water for Leipzig and the region
is mainly obtained from the groundwater re-
serves in the Mulde Valley, east of Leipzig.
Pumps transport it to the waterworks, where
it is processed into drinking water.

Info: www.L.de




ORGANIZING INSTITUTIONS

Organizing institutions

DBFZ Deutsches Biomasseforschungszentrum gGmbH
DBFZ

The work of the DBFZ is centered on politically relevant issues, such as how the limited

availability of biomass resources can contribute in the most efficient and sustainable

manner to existing, as well as future energy system. The DBFZ monitors and evaluates the

most promising fields of application for bioenergy in theory and practice, supported through

various collaborative research projects, carried at both national and international level, with

partners and stakeholders ranging from industry, academia and various scientific research

associations. The project orientated research provides scientifically-based results to support o

informed decision making governmental and non-governmental organizations, and adjacent CO I I ect | on Of

industrial sectors in the energy, agriculture and forestry, while also identifying areas for .

further research. The scientists of the DBFZ are represented as experts in bioenergy Met hOd S for Blogas

research due to their excellent technical expertise and their presence in numerous national

and international committees. Methods to determine parameters for analysis
purposes and parameters that describe processes in

the biogas sector

z Helmholtz Centre for Environmental Research
ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL  As an international competence centre for the environmental sciences, the Helmholtz Centre

RESEARCH - UFZ o1 Environmental Research (UFZ) investigates the complex interactions between mankind
and nature under the influence of global change. In close cooperation with decision-makers %
and stakeholders, scientists at the UFZ develop system solutions to improve the manage-
ment of complex environmental systems and to tackle environmental issues. The Helmholtz
Centre for Environmental Research - UFZ was established in 1991 and has more than 1,100
employees in Leipzig, Halle/S. and Magdeburg.

o.' Biomass
‘S energy use

Landesbetrieb LHL - The Hessen State Laboratory

Hessisches
Landeslabor

*9'5’ We are point of contact for Hessian consumers at our locations in Gief3en, Kassel, Bad
& Hersfeld, Frankfurt and Wiesbaden. Our scientific staff carries out tests and analyses, gives
expert opinions as well as provides advisory services for you on-site. We cooperate closely
with state veterinary and consumer protection offices and thus monitor consumables from
along the food production chain... from field to plate.
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Organiser Scientific coordination

Deutsches Biomasseforschungszentrum gGmbH Dr. Jan Liebetrau
Torgauer Str. 116 +49 (0) 3412434 716
D-04347 Leipzig jan.liebetrau@dbfz.de

Program support team

Diana Pfeiffer
+49 (0) 341-2434-554
diana.pfeiffer@dbfz.de

www.energetische-biomassenutzung.de





