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Celignis USA

After 1l-years of succesfudperations in Ireland, serving over 1,000 clients globally, Celigni
pleased to announce the opening of Celignis laboratories in the USA, operated by Celigni

Corporation.

Celignis US/ a dedicatedservice provider for the bioeconomy. Weovide our clients with the
most precisecompositionaldata and highlyinformed process expertise in ordéo allow them
to make the best use of their biomass feedstocks and optimise their biomass convel

processes
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BIOMASS FEEDSTOCK ANALYSIS

1. Advanced Biofuels Feedstocks

RELEVANT ANALYSI<
PACKAGES:

P4- Ethanol Extractives

P5- Water Extractives

P7¢ Lignocellulosic Sugars:
Glucose, Xylose, Mannose,
Arabinose, Galactose,
Rhamnose

v

i
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P8¢ Lignin Content: y
K.Ias.onng.nln,Amd Soluble . i

Lignin Acid Insoluble -
ResidueAcid Insoluble Ash |

P10¢ Sugars, Lignin,
Extractives, and Ash

P270c Protein-Corrected We can determine all the important parameters for the production
Klason Lignin of chemicals and advanced biofuels from cellulosic biomass.

P11¢ NIR Prediction . . . L L )
Secondgeneration biofuels, such as cellulosic ethanol, offer hpgeential in substituting for fossil

P14c¢ Starch Content derived transport fuels. Similarly, biorefineries could produce a range of sustainable chemical

bio-products from lowcost lignocellulosic biomass. The number of suitable feedstocks is mas
P15¢ Uronic Acids: and includes energyrops, agricultural residues, and municipal wastes. There can be huge varia
Glucuronic Galacturoni¢ in composition between different feedstocks and also within the same feedstock grown in diffe

Mannuronig Guluronig 4-O-
Methyl-D-Glucuronic

locations and under different conditions. Thus, it is crucial to use a laboyagxperienced in the
detailed and complex methods of analysis required to fully characterise these materials.

P16¢ Acetyl Content

P17¢ Biomass Amino Acids:
Alanine, Arginine, Aspatrtic,
Cystine, Glutamic, Glycine,
Histidine, Isoleucine,
Leucine, Lysine, Methionine,
Phenylalanine, Proline,
Serine, Threonine, Tyrosine,
Valine

7 ML VRIS 4

P18cLipids as Fatty Acids P\ .‘I‘?' I" o

A Lt's

P19¢ Deluxe Lignocellulose '
Package

P20¢ Lignin S/G Ratio
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These are nostellwall components that can be removec
using varbus solvents. Extractives can vary greatly in the
compositions and amounts according to the feedstock a
its stage of life. We recommend that extractives al
removed prior to undertaking the lignocellulosic analysis
samples.We can use water, ethanol, or other solvents fc
extraction and can determine 14 different watsoluble

carbohydrates present in the liquid extradte also offer
detailed analysis of the constituents in ethanol extractive

In  lignocellulosic biomass the main  structur:
polysaccharides are cellulose and hemicellulose. These
often the most important constituents when estimating
potential cellulosic ethanol yields from the biologic:
conversion of biomass.

We can determine the glucan content of biomass, a go
estimate for the cellulose content, and we can also analy
for five other sugars present in hemicellulose (xylos
mannose, arabinose, galactose, and rhamnose) as wel
uronic acids (galacturonic, lgcuronic, mannuronic,
guluronic,4-O-Methyl-D-Glucuroni¢ and acetyl content.

We provide all lignocellulosic
analytical data in duplicate so you
can see the precision of our work

This is a structurally important polymer in biomass and
often the solid residual output of biorefineries after the
polysaccharides have been hydrolysed. It can be combus
or used as a feedstock for the production of chemicals a
biofuels. In our acichydrolysis process for liberating the
structural sugars, we obtain Klason lignin as a solid resic
and also acid soluble lignin which we determine usi
ultraviolet spectroscopyWith package P270 we can correc
the lignin content for residual protein tdr hydrolysis

Starch is a glucan polymer so we recommend, for relevi
samples, that starch content is analysed to differentia
between lianocellulosic and staraterived alucose.

Biomass pretreatment is a crucial step for the production
advanced biofuels and chemicals. There are a large num
of different processes that can be used and a wide spectri
of potential products We have a suite of analysis packagt
designedo fully evaluate the efficiency of pretreatment sc
that conditions can be appropriately engineered for th
particular feedstock and desired end products.

In particular, the starting feedstock should be characteris:
in detail so that the different sources (e.g. lignocellulos
starch, extractives etc.) of sugars that may be liberated
pre-treatment are known. We strive to get as close to ma
closure as pssible for the whole préreatment process
and this involves analysing in detail both the liquid and so
outputs.

CELIGNIBSA
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We are the Only Company to Provide Lignocellulosic
Data within One Day and at Low Cost!

We can follow standard chemical analysis methods for determining the lignocellulosic composition of biomass. However
chemical analysis methods can be slow, taking up to two weeks for a sample, as numerous steps and items of equipmehtexte
To date, the length of this analytical process has meant that the number of samples that can be analysed has been regtri
time and by finance limitations.

But we at Celignis have the solution! As an alternative to our chemical analysis packages you can get your solid bionesss
analysed using our unique rapa@halysis Near Infrared (NIR) method. This involves us scanning your sample and then applyi
proprietary algorithms to predict the content of 13 different lignocellulosic parameters. This means that we can providtlyo
data within one day for as low &v0 per sample. No other company is able to provide this service for advanced biofustdekd.

+ 3 Day s + 3 Days + 1Day Total > 7 Days
. D
} . } , 0 } }
Sample Extraction Hydrolysis Chromatograph Results

Total = 1 Day!
Sample NIR Scan Results

You are no longer limited in

the number of samples you
can evaluate!

6 CELIGNISBSA



Benefits of our
Rapid NIR Method

1

ACCURATEDATA YOU CAN RELY On

When the data from our NIR prediction model
were compared with data from standarchemical

analyses we found a very close correlatiorf (R

~0.97 for the main constituents of lignocellulose
Furthermore, as well as providing data for th
predicted composition, our NIR package als
provides an estimate for the error (deviation) in th
prediction and, if we find this to be high, we wil
undertake the chemical analysis at no extra charg

SUITABLE FOR ALL BIOMASS TYPE!

Our models have been demonstrated on thousan:
of samples covering a wide variety of feedstocl
including energy crops, cropesidues, organic
wastes, pretreated samples, and process residue

FITS WITH YOUR REQUIREMENTS

The rapid turnaround and low cost mean that yo
can quickly see the value of your samples or proce
conditions and make responsive decisions
modifications accordingly. You can also analy
many more samples than before, improving yot
chances of finding the optimal sample!
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BIOMASS FEEDSTOCK ANALYSIS

2.

Analysis for RINs Credits

8

Celignis USA has expertise in chemical analysis for a wide variety of feedstocks.
We can help our c lients to determine cellulosic RINs for EPA unapproved D3
feedstock s or mixed feedstock s for liquid biofuels and biogas.

Since the early 2000s the USA has seen a rapid expansion in biofuel production. While most is sourced from corn, mo
biofuel facilities will process cellulosic feedstocks (e.g. wood, grass, agricultural residues etc.). There are majail f
supports (e.g. D3 RINs) for such facilities, oftentimes dependent on the cellulosic proportion of the feedstock. The C
family has analysed tens of thousands of samples for their lignocellulosic composition, using methods approved by
EPA. Our reprts provide indepth compositional data as well as important summaries (e.g. adjusted cellulose con
required under the RFS.

We have provided services to many US sigrs and multinationals looking to develop technologies to valorise lignocellulc
with an array of analysis andioprocess development services focused on understandingtig@ment, hydrolysis, and
fermentation processes. We also recognise the potential for higredue (nonrbiofuel) products from biomass and hav
helped clients to understand the most profitablalerisation approach for a given feedstock or technology.

CELIGNIBSA
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How our Analysis Can Help with RINs Credits
Applications and Renewable Volume Obligations

Our methods of lignocellulose analysis are approv
techniques according to thEPA guidelines on determininy
adjusted cellulosic content.

We differentiate between structural sugars (such as tho
in cellulose and hemicellulose) and those present
sucrose, starch, and the extractives and report each
these structural sugars individually, as well as the ligr
content (as both Klason ancti soluble lignin).

Our online Database and Excel and pdf reports also s
these structural sugars (i.e. cellulose and hemicellulos
along with the lignin content and express the result (tr
adjusted cellulosic content) on a dashfree basis so that
you can see if the sani meets the 75% threshold or i
partial allocation of D3 RINs, based on the the proporti
of total mass that is cellulosic, is required.

We can e@termine the percentage cellulosic R$Nand

maximum achievable R&\for biogas production from D3
and D7 unapproved feedstocksi.q. RFS EMTSEPA
Moderated Transaction Systemgporting codes 335 and
336) by doing biomass composition analysis an
biomethane potential (BMP) tests.

CELIGNISSA 9



BIOMASS VALORISATION

3. Advanced Biomaterials

Advanced biomaterials are designer materials developed by modification and
functionalisation of polymers derived fr om biomass. They are playing
important roles in many sectors, from packaging to tissue engineering.

The types of biomaterials range from bioplastics to hydrogels and aerogels. Design and characterisation of these me
require transdisciplinary knowledge of biomass chemistry, chemical engineering, materials engineanihgpolecular

chemistry Celigni€ gaulti-disciplinary team has successfully designed biomaterials from marine and terrestrial bioma:
clientsand ina number ofresearchprojects.

EXTRACTION AND PURIFICATION OF BIOPOLYMERS

With the expertise ofthe Celignis team in biomass chemistry, w
design and develop processes for extraction and purification
biopolymers. It involves a multi-stage approach:(1) Analysis of
feedstock for desired polymerg$2) Design of extraction strategy tc
obtain the polymers in the most native fornf3) Establishing proof
of concept and process optimisation by fabale experiments(4)
Techneeconomic analysis and life cycle assessment of the proci
(5) Scaleup design and testing.

2 DESIGN AND TESTING OF BIOMATERIALS

We offer services for design of biomaterials such fisns,
foams, hydrogelsand aerogels with specific functionalities.

Our expert team provides analytical testing for the biomaterie
designed at Celignis @t dientsClocations. The testing services
include thermal behaviour testing; physical, chemical a
biochemical functionalities.

SHAPE-MEMORY
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4. High -Value Biomolecules

Biomolecules are derived from biomass and microbes. They have a wide range
of applications such as cosmetics, paints and coatings, food and nutraceuticals
and biomedicine

DISCOVERY, EXTRACTION AND PURIFICATIO"

Our multi-disciplinary team of biomass chemistnalytical chemists
and microbiologists work together to discover the novel molecules fri
biomass and microbial sources. Discovery of molecules from bion
involves multiple extractions in a range of polar and +patar solvents.
The extracted fractions are subjected to-QTOFMS. The selected
moleculesbased on the novelty or abundan@ee isolated and purified
following the principles of green chemistnd are tested for purity

STRUCTURAL AND FUNCTIONAL CHARACTER

The purified biomolecules are analysed for functional groups and linke
using spectroscopic techniques. Functional charastédn of the
purified molecules is performed by performing a wide variety of custor
designed microbial, biochemigalnd chemical tests.

CELIGNISSA | 11



SERVICES TO INDUSTRY

5. Bioprocess Development

We develop and refine processes to efficiently valorise biomass. We can work on individual
process stages, or develop a bespoke vertically -integrated technology for your feedstock or
desired end -product. This can be done at lab  -scale up to the 1 m 2 level. Our understanding

of biomass chemistry, our extensive array of bioprocessing equipment, and the biological,
engineering, and commercial experience of our Bioprocess team, all play crucial roles in

ensuring that our projects are well

Biomass Extraction Processe

Biomass can be rich in bioactive compounds of high va
for food, feed, cosmetic, and pharmaceutical applicatior
We develop bespoke extraction methods suitable for yo
needs with high selectivity, efficiency and lo
environmental impact.

Biomass Hydrolysis

For the hydrolysis of biomass to monomeric sugars eitf
chemical or biological approaches can be usé.can use
both methods at scales ranging from flalgkel to1md. We
have particulaexpertise in enzymatic hydrolysis.

Fermentations

We're experienced in many fermentations and can help y
determine and optimise yields of an array of differer
fermentation products.

12 CELIGNISSA

-designed and fo cused on our clients' end -goals.

Pretreatment Processes

The choice of pretreatment method varies with the type «
biomass and the engiroduct requirements. ACelignis we
can determine the most suitable pretreatment for you
feedstock and determine the optimum conditions in fat
scale trials followed by higher TRL seafss.

Application of Enzymes

Enzymes are biological catalysts that have a wide variety
applicaions in the bioeconomy. We are experts in th
design and usef enzymatic approachefor the enhanced

valorisation of lignocellulosic biomass.

Downstream Processing

How the various outputs (solid and liquid) of a bioproce
are dealt with is often overlooked until later in bioproces
development, leading to excessive costs and complicatio


https://www.celignis.com/bioprocess-extraction.php
https://www.celignis.com/bioprocess-pretreatment.php
https://www.celignis.com/bioprocess-hydrolysis.php
https://www.celignis.com/bioprocess.php
https://www.celignis.com/bioprocess-enzymes.php
https://www.celignis.com/fermentation.php
https://www.celignis.com/bioprocess-downstream.php

Accurate data are not enough. We have in -depth
understanding of the implications of composition
and can design processes to fully valorise biomass

LabScale Optimisations

We consider that optimising a bioprocess at the-kdale is
the mostcost effective approach to explore a range
different scenarios in search of optimal process conditior
Based on the outputs of thessxperiments we can then test
the chosen set of conditions at higher TRL levels.

Techneeconomic Analyses

Our technoeconomic experts can evaluate your bioproce
considering various scale, tech, and feedstock options.
apply accurate costing models tietermine CAPEX/OPEX «
simulated and pilot scale processes which are then usec
determine key economic indicators (e.g. IRR, NPV).

ScaleUp to Higher TRLs

At our dedicated Celignis Bioprocess laboratories we hz
all the necessary upstream and downstream apparatus
undertake bioprocess projects up to a tehcnology readine
level (TRL) of 6, with reactor and processing capacities
up to 1m3.

Full Project Development

We work closely with you to understand your objective
and timelines. We then propose a project, usually coveri
a series of deliverables and stagates. Often our projects
involve optimising conditions at the lafcale before
replicating the conditionsit higher TRL levels.

Types of Bioprocess Projects

1 PRODUCTENTRED BIOPROCESS

In this scenario thefinal-product is lockeedown and,

instead, the bioprocess development can focus on the b
approach to sustainably and profitably get it. This mgea
there is some flexibilityregardng the feedstock and

processing technologies to be employed

2 FEEDSTOEOCUSED BIOPROCESS

4 NEW FULVALUECHAIN BIOPROCESS

We can also work on Bioprocess Development for

entirely new bioprocess, covering all stages of the proce
scheme. This means we start with the original feedsto
and develop all stages involved in processing it a
obtaining the targeted product(s). Deloping such a
comprehensive bioprocess requires considering, a
developing approaches for, a number of key aspec
including: Feedstock Selection and Preparatjiddrimary

Conversion TechnologyDownstream Processing Step:s

Herethe feedstock is lockedown but the technological
approaches and final engroduct(s) are open.The

Celignis team will consider the existing infrastructure
the client when designing the bioprocess as well as &
existing chemical demands of their main process.

SideStream  Valorisation Product-Recovery  and
Purificationn Waste ManagementProcess Integrations

3 REFINEMENT OF AN EXISTING BIOPROC

This improvement can target the whole bioprocess !
specific nodes. The targets for the improvement can t
product yield, OPEX reductions, and improved prodt
quality, among others.

80
2
£
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B Pretreated sample
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SERVICES TO INDUSTRY

Bioprocess

Project Case Studies

This project focused on the hydrolysis of cellulosic sic
streams from anindustrial process, followed by the
fermentation of the liberated sugars into a variety c
products, including glycerol, ethanol, and organic acic
Following the labscale work, we worked on a TEA analy:
of the bioprocess, considering several differesgtenarios.
The outputs of this TEA informed a folleam bioprocess
development project, incorporating the changes deemed
give greatest impact to the process in terms of commerc
and environmental sustainability. The final stages of tt
project will nvolve scaling up the developed approach !
the 100litre level.

Thisproject involved the optimisation or process condition
to allow for the production and recovery, in high yields,
monomeric sugars from recycled paper/cardboard strean
The project involved examining a number of importal
process variables, including: pretreatment conditions; tt
type and loading of enzymes; and the duration ar
conditions of the hydrolysis stage. The final outputs of ti
project were selected optimum catitions for each of the
feedstock types and recommendations for furthe
ontimisations of the process and future scakea activities.

wProduction of Propionic Acid.

wBiomaterials from Caribbean Seaweed.

wBioactives from Tropical Hardwoods.

wSustainable Downstream Purification Process Develop

14 CELIGNISSA

We are proud of the knowledge, passion, and work ethic of our team.
They have played key roles in the formulation, optimisation, and
commercial evaluation of biomass valorisation processes in industry and
academia and, together, we have the multidisciplinary expertise to
evaluate all stages of your bioprocess and suggest real improvements

This was a lalscale verticallyintegrated project covering
pretreatment, and separate hydrolysis and fermentatio
(SHF). The project involved a series of$ahle experiments
focused on optimising the pretreatment conditions so th:
the yields and commaeial viability of the process as
whole could be improved. The next stage involve
optimising the type and dosage of enzymes, as well as ot
factors (e.g. solidoading), to maximise ethanol yields fron
the targeted biomass components.

We have undertaken a number of projects, for differet
clients, focused on obtaining oligomeric sugars fro
biomass, or biomasderived polymers. In some cases ther
have been specific requirements in terms of the preferre
oligomer chain length and the t@ of monomeric to

oligomeric sugars in the final liquid outpudptimising the

bioprocess required a carefutfprmulated DoE considering
relevant factors (e.g. temperature, enzymes, pretreatmer
in the context of the chosen feedstock and the final puot

requirements. In all such projects that we have undertaki
to date we developed an improved bioprocess that allow:t
for greater proportions of the total carbohydrates in th
liquid phase being in the client's targeted product range.




Through Innovation, Passion,

and Determination,

We at Celignis Strive to Make a Difference in The
Development

Relevant

Dedicated Bioproces Building

Celignis Bioprocess was opened in 2022 and provide
dedicated 500m facility for the atscale (TRL7) processin
of biomass. The site is also used for lowdRL optimisation
experiments in order to find the most suitable proces
conditions that can then be validated in larger reactors. T
nearbylocated Celignis Analytitduilding provides all of
the necessary analytical support regarding the evaluati
of the feedstocks, products, and sigéreams.

TrackRecord in Research

In addition to our successful Bioprocess Developme
Services projects that we have undertaken for o
corporate clients, Celignis has a long and impressive hist
as a valued participant in collaborative research projec
We are a spirout of a researchproject designed and
written by Celignis founder Dan Hayes and have, to da
participated in 20 research projects, funded by the
9dzNRB LISHY ! yA2Yy Q& | 2NAT 2y N
the development of innovative bioprocesse8.of these

projects are arrently ongoing.

of The Bioeconomy

Experience & Infrastructure at Celignis Bioprocess

Experienced Bioprocess Tea

For a commerciallyviable bioprocess it is necessary t
consider many aspects, both technological and financial,
the valuechain. Celignis Bioprocess is populated by a dive
team with multidisciplinary and complementary expertise
There are biologists, hemists, electricians, engineers
fermentation specialists, technoconomic analysts, ai
chemometricians. In 2021 Celignftreland) was awarded
aLYyy20FGA2y 2F GKS |, SINE 6
bioprocesses.

Bioprocess Infrastructure

Array of kenchtop (1-100 litre) advanced bioreactors
Anaerobic fermentation systems-@0 litres).

Gas fermentation systems.

Extracellular flux analysers for metabolic burden analys
Library ofindustriallyrelevant nonrecombinant strains.
96-wellplate U\Vis and fluorimetry analysers.
QTOFL.C/MS for microbial metabolites analysis.
Ultrafiltration systems for downstream processing.
Extensive chromatography lab for fermentation produc

= =4 =4 -4 -4 A -8 -4 A -

1md bioreactors for scaleup studies.
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BIOMASS FEEDSTOCK ANALYSIS USA

—— )Ql:eliunis

6. Anaerobic Digestion Services

We provide a wide range of analysis & consultation services to the anerobic digestion
sector. Our multidisciplinary expertise spans feedstock chemistry, biology, process
optimsation, and techno  -economics. It's the interaction of all these factors that will
allow for feedstocks to be efficiently valorised and for the most impactfu | RNG projects
to be developed.

A key motivation in establishing Celignis facilities in the US was the rapid national expansion of the anaerobic digeti
sector for Renewable Natural Gas (RNG) production. Over the years Céligliad)had built a strong reputation, not only
as a highquality lab for the provision of analytical data to biogas stakeholders, but also as a centre of biological and tec
expertise in the AD sector.

In previous years Celignis (Ireland) had several US clients from the biogas sector that expressed frustrations with tiee
of any USbased lab with this kind of wideanging expertise. They wished to pursue more significant projects with Celi
but the volatile nature of many AD feedstocks meant that overseas shipments were not possible. We are delighted tt
launch of Celignis USA now all®us to provide our valued services to RNG stakeholders aéoesica

The biomethane potential (BMP) can be considered to bet To help you evaluate how well your anaerobic digesti
experimental theoretical maximum amount of methan feedstocks willbehave in reaworld conditions we can
produced from a feedstock. In our laboratory, we hay undertake continuous digestion experiments. These opere
twenty BMP systems, comprisir800 reactors, that allow us  at scales up to 12 litres and typically run for 3 months. V
to digest your samples and determine the biogas yield o  target maximum achievable organic loading rate (OLR) ¢
periods of between 14 and 40 days. biomethane potential.

16 CELIGNISSA
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The waste streams used iRNGthat arise from process
industries may contain toxic or bacterial inhibitor
compounds (e.g. antibiotics, polyelectrolytes, detergents
Our anaerobic toxicity assays can determine the preser
of such toxicities and suggest feeding limits for feedstocl

There ae many factors in running an RNG facility.
Optimising these allows for improved plant performanc
and revenues. We can design and experimentaHjidate

such optimisations at the labcale prior to you
implementing them at your facilityThis approach allows
for greater benefits and lower costs than optimising at tt
commercial scaleFor example, w can suggest optimal
valuesfor major and minor elements in the digester as we
as upper and lower threshold values. This allows us
formulate a bepoke cocktail of additives according to th
requirements of the digester.

We are experts in the biology of anaerobic digestion. V
pour through operational data from biogas plants an
identify correlations between process parameters ar
digester performance. This leads to understanding on t
specific biological conditions of ¢h digester and
recommendations as to how peformance can be improv:
and made more stable.

We provide analysis and consultation
services to help evaluate feedstock and

process suitability for maximising
biomethane yields and RINs cre

AD is a microbial process involving a sequence of sta
(hydrolysis, acidogenesis, methanogenesis) to conver
complex feedstock to methane. We analyse sampl
collected from digesters and undertake tests to investiga
how well they proceed with each ofhese stages of
digestion. Tests undertaken include: Specific Hydrolyti
Potential (SHP), Specific Acidogenic Potential (SAP), Spt
Methanogenic Potential (SMPgach test involves 5 days ¢
substrate digestion and monitoring of the biogas produce

Digestate can potentially have value as a soil fertiliser. \
offer a range of detailed analysis packages for digeste
allowing you to fully assess this resource and to determi
the best use for it. Our team can also assist in evaluat
digestate valoisation options.
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SERVICES TO INDUSTRY

RNG Project Case Studies

A biogas plant started underperforming when a ne
feedstock was used as deed. Since the plant received i
gate-fee for this feedstock they did not want to stop usin
it but instead to use it in a controlled manner. Celign
analysed the feedstock and thecustomdesigned and ran
Anaerobic Toxicity Assays for the waste stream based
the resulting analytical data. This work allowed us
determine threshold feedstockoadings, in order to avoid
toxic/inhibitory effect.

We helped a large AD company to optimise plant operatio
for more consistent outputs and reduced downtime. Ot
support involved us analysing process data and provid
operational limits and green, yellow, and red zones for ea
process indicator. We alsmade a tool to allow selflesign

of major and minor elements (nutrients) for their plant
based on feedstock chemistry. The tool was suitable i
mono & coedigestion and allowed for shifting feedstock
and adding a new feedstock to the mix, without lowegi

plant performance.

ta
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At Celignis, we understand the critical role that accurate and timely data

plays in the AD sector. With a decade of expertise in biomass analysis
and valorisation, and over 1000 clients, our comprehensive suite of
analytical and consultation services will enhance your AD feasibility
studies and optimise your AD plant operations

We undertook continuous digestions, for a compar
producing biogas from the organic fraction of municip
solid waste, to determine the maximum achievable orgar
loading rate (OLR) and optimum feedstock mixtures. \
also determined the minimum OLR to m&dm plant health

in scenarios of limited feedstock availability. These da
combined with the specific microbial activity tests on th
digestate, provided the plant with adaptation strategies fc
the new feedstock. The full suite of tests and data analy
allowed the operator to understand feedstock limitations
feedstock underload/overload effects, optimum feedstoc
loadings, and process indicator ranges at different OLRs
feedstock mixtures. This allowed for bespoke adapti
strategies for maintaimig plant health under feedstock
supply and composition variations.

The Celigis brand hasrqvided valued analytical and
bioprocessservices to over 1000 clientdobally, including
many in the RNG sectoWe understand how the focus o
AD projects can differ between countries and have advis
a global network of clients on their RNG projects

A 4

)
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Celignis RNG Packages

Major and Minor Elements 150 On feedstock or digestaidulk savings possibl
Biomethane Potential 14 Days Basic 530 $1,728per batch of 4 sample&432 per sample
Biomethane Potential 14 Days; Deluxe 835 $2,908per batch of 4 sample&727 per sample
Biomethane Potential 21 Days Basic 660 $2,112per batch of 4 samples §88per sample)
Biomethane Potential 21 Days; Deluxe 955 $3,292per batch of 4 samples 883 per sample)
Biomethane Potential 28 Days Basic 755 $2A16per batch of 4 samples @4 per sample)
Biomethane Potential 28 Days; Deluxe 1,050 $3,596per batch of 4 samples 899 per sample)
Biomethane Potential 40 Days- Basic 1,080  $3,456per batch of 4 samples 864 per sample)
Biomethane Potential 40 Daysc Deluxe 1,315 $4,636per batch of 4 samples {#59per sample
Feedstock Chemical & Biological Analy: 155 Included in the Deluxe BMP packages
Digestate Chemical & Biological Analys 155 Included in the Deluxe BMP packages
Residual Biogas Pat14 Days Basic 390 Runon digestate longerdigestions possible
Chemical Oxygen Demand (COD) 36 Falls to $24 per sample, depending on order ¢
Biological Oxygen Demand (BOD) 36 Falls to $24 per sample, depending on order ¢
Volatile Fatty Acids (VFA) Speciation 90 Falls to $42 per sample, depending on order ¢
Carbon Dioxide Evolution Rate 70

Specific Oxygen Uptake Rate 70

Digestate Impurity Content 110 Falls to $70 per sample, depending on order ¢
Ammoniacal Nitrogen 35 Falls to $25 per sample, depending on order ¢
Nitrates 30 Falls to $20 per sample, depending on order ¢
Viable Weed Seeds 120 Undertaken on digestate

Specific Hydrolytic Potential (SHP) 495 www.celignis.com/specifimnicrobialactivity
Specific Acidogenic Potential (SAP) 495 www.celignis.com/specifimicrobialactivity
Specific Methanogenic Potential (SMP) 495 www.celignis.com/speciftmnicrobialactivity
SHP; SAP; and SMP 990 www.celignis.com/specifinicrobialactivity
Sludge Granule Size Analysis 90

Sludge Activity Test 90

Anaerobic Toxicity Assay 895 www.celignis.com/anaerobitoxicity-assay
Biological Consultation 750aday  www.celignis.com/aebiologicatconsultations
Continuous Anaerobic Digestion 1,650¢ www.celignis.com/aetontinuousdigestions

Digestate Germin Inhibition/Stimulation 495
Digestate Plant Growth Trials 545+*

Falls to $355 per sample, depending on order
Falls to $325 pesample, depending on order si

* Per reactor/monthPrice dependent on reactor sizel®0 litres) and on the analysegeasuredn the period
** Larger (tray) trials using a dedicated greenhouse can also be arranged.

otential (BMP)

Biogas and Biome!
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FEEDSTOCK TO BIOCHAR

7. Advancing Biochar

RELEVANT ANALYSIS
PACKAGES:

P350¢ Biochar Production
P360¢ Specific Surface Area

P364c¢ Pore Size Distribution

P388¢ Biochar PlantGrowth
Trials

P386¢ Germination Inhibition

P384¢ BiocharPolycyclic
Aromatic HydrocarbongPAH)

P382¢ Water Holding Capacit

P383¢ Cation Exchange

Capacity . . .
We can determine the most relevant properties of biochar and

s Elemental provide a comprehensive assessment of the results

Analysis (C, H, N, S, O)

There is a huge buzz, all across the US, about the role that biochar can play in the developmr
a more sustainable economy. Potential applications inclsciéamendment carbon sequestration
waste reduction, biomaterials, anenergy production However, many factors need to b

P372¢ Inorganic Carbon

P38 ¢ Major and Minor

Elements considered in order for the biochar approach to be succesful. These include the characterist
Al, Ca, Fe, Mg, P, Ri, Na, the feedstock, the conditions of the pyrolysis process, and the properties of the resulting bioc
Ti, Sb, As, Cd, Cr, Co, Cu,

Pb, Hg, Zn, Va,i\Vn The Celignit/SAteam has extensive experience in the analysis of biochar and in the evaluation

testing of its potential applications. For clients that are considering pyrolysis as a means to va

P373¢ Th i i ] . . o
i cimegravimetric their feedstocks or residuesve are able to screen their samples for suitability girdduce lab

Analysis

4 scale quantities of biochdor further analysis and application testing. For producers of biochar,
P34c Calorific Value and have over 30 different packages to evaluate their samples and test the suitability for vai
Elements applications (e.g. plangrowth trials).

Gross Calorific Value, Net
Calorific Value, Ash, CHNSO

P42¢ Ash Melting Behaviour
P371¢ Ash Content (815 °C)
P381¢ Electrical Conductivity

P387¢ Scanning Electron
Microscopy (SEM)maging
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We are equipped torun  all
the necessary anal yses for
the EBC and IBI methods

Biochar can have constituents that may prohibit its use
certain applications. We determine the concentrations of :
different polycyclic aromatic hydrocarbons (PAHs) a
several heavy metals. Our reports provide PASS/FAIL ta
where the results are aopared against threshold values se
by the EBCfor various enduses.

During pyrolysis the release of volatile components
present in biomass provides biochar with a characteris
honeycomb structure witha relatively high surface area.
This porous nature makes biochar suitable &pplications Pore Size Distribution
such asan adsorbent to decontaminate air and watex

soil supplement for improvinglant development or asan Cumulative Pore Volume dv(d)
additive for upgrading biogas productioifhe production 0.28 0.02
of biocharis carried out by optimizing parameters such ¢ 0'27 ’
residence time, temperature, heating rate, inert gas flo 0.26 0.01
rate, and paricle sizeaccording to each type of feedstock 0'25
This variety of operative parameters results in porous, b ' 0.01

. o . 0.24
also nonporous biochar. Therefore, it is essential to ful

0.23 0.00

characterize the porous profile of each type of biochar
have a clear picture of its potentia@pplications.Celignis
USAoffers a wide range of paeges for such analyses.

1 2 3 4 5 6 7 8 9 10
Pore Width (nm)

As- Dry Mass | Dry Ash- . . . a
Test Method Reference Units | Received | Basis | Free Basis Biocharcanbe relevantin carbon accountingchemesas it
Moisture EN 14774-1:2009 % 849 - - . .
= o & e : : can bg con5|der§d IF)SEQL.I?SEI’ carbon whilst .al.so
Ash EN 147752009 % 6.65 7.49 = potentially enhancingsoil fertility and plant productivity
Volafis:So Golcuitad * 66 9251 2 However biochar cansometimesinhibit the development
Carbon EN 15104:2011 % 42.25 46.17 49.91 .
Hydrogon N 151042018 = 5 = T of plants. For example, wheit is produced from hazardous
Nitrogen EN 15104:2011 % 183 200 2.16 feedstocks such as municipal solid waste, the presence
i ey X o i S heavy metals and other detrimental minor elemergan be
Oxygen By Difference % 35.21 38.47 41.59 R i X
“Aluminium EN ISO 16967:2015 opm 101 110 2 problematic Therefore, the starting material and the
Selom ENIE0067 2015 pom 4609 5102 - obtained biochar should always be ansdg prior to
Iron EN ISO 16967:2015 ppm 120 131 - . ) . . )
rrE— Sl 0o 20T e D 620 - considering using biochar faoil amendement We have
Sodium EN ISO 16967:2015 ppm 51 56 - many suitable analysis packages in this regard and can |
Histona sl | e Wl - undertake plant gowth trials in our laboratories,using
Potassium EN ISO 16967:2015 ppm 11,853 12,953

biocharamended soitompared agaist controls.
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OUR SERVICES

Celignis USA Biochar Packages

Biochar Production

Biochar Production 2 655 545 435
BiocharChemistry
Ligno.Constit., Extractives, and Ash 2 550 495 445
Ammoniacal Nitrogen 2 35 30 25
Nitrates 2 30 25 20
BiocharPhysical Properties

Particle Size 1 42 30

Bulk Density 1 25 20 15
Specific Surface Area 2 305 275 220
Pore Size Distribution 2 360 325 250
PoreSize Distribution Deluxe 2 435 385 330
PoreSize Distribution Ultimate 2 655 600 545

BiocharThermal Properties
Moisture Content 1 30 25 20
Ash Content 1 30 25 20
Volatile Matter 2 60 50 40
Ultimate (Elemental) Analysis 2 54 42 36
Calorific Value and Elements 2 150 115
Chlorine and SulphyRequires P34) 1 31 25 19
Ash Melting Behaviour (Reducing) 2 120 100 75
Inherent Moisture 1 28 17 11
Ash Content (815C) 1 42 30 18
Inorganic Carbon 2 54 42 36
Thermogravimetric Analysis (TGA)(N 2 215 165 140
Thermogravimetric Analysis (TGA) (A 2 215 165 140
BiocharSoil Amendment Packages

Major and Minor Elements 2 150 125 100
Electrical Conductivity 2 55 45 35
Water Holding Capacity 2 105

Cation Exchange Capacity 2 165

Polycyclic Aromatic Hydrocar. (PAH) 2 325 275 215
Liming 2 85 65 55
Germination Inhibition 3 495 435 385
Scanning Electron Microscopy (SEM) 2 545 435 385
Biochar Plant Growth Trials 5 545 435 385
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BiocharBulk-Analysis Packages

Biochar Physical Properties Deluxe
Biochar Physical Properties Ultimate
Biochar Thermal Properties Deluxe
Biochar Thermal Properties Ultimate
Biochar Soil Amendment Deluxe
Biochar Soil Amendment Ultimate

Biochar Complete Evaluation Packag

Dry Matter

Water Content (40 C)

Total Carbon, Hig, Gnorg, Nitrogen,
Sulphur, Oxygen, Ash

Bulk Density

Water Holding Capacity

Electrical Conductivity

Major and Minor Elements

pH

Polycyclic Aromatic Hydrocar. (PAHS

Surface Area &ore Size Distrib.
Particle Size Distribution
Combined Package:
Dioxins/Furans & PCBsubcontracted
Combined (Incl. PCB, PCDD/F)

Moisture

Organic Carbon (Cor@hcl. P372)
H:Corgncl. P372)

Total Nitrogen

pH

Electrical Conductivity

Liming

Particle Size Distribution
CombinedPackage

Major & Minor Elements

Chlorine

Polycyclic Aromatic HydrocgdPAHS)
Germination Inhibition Assay
Dioxins/Furang PCBg*‘Subontracted)
CombinedPackage

Total Phosphorus anélotassium
Available Phosphorus

Total Ca, Mg & Sulphur (Incl. P33)
Availe Ca, M and SulphateS(+P33)
Volatile Matter

Total and External Surface Area

2 495 435 380 10
2 715 655 575 10
2 395 325 10
3 875 775 10
4 985 885 815 740 2
7 1,925 1,645 1,425 1,265 2
8 2,965 2,635 2,415 2,195 2,085 2
European Biochar Certificate (EB&quivalent Tests
1 30 25 20 10
1 30 25 20 10
2 108 84 72 25
1 25 20 15 10
2 105
2 55 45 35 10
2 150 125 100 20
1
2 325 275 215 165 10
2 360 325 250 10
1 42 30 10
3 1,050 935 795 745 10
3 540
3 1,590 1,475 1,335 1,285 10
IBI Test Category A
1 30 25 20 10
2 108 84 72 25
2 108 84 72 25
2 54 42 36 25
1
2 55 45 35 10
2 8 65 55 10
2 42 30 10
2 250 215 195 20
IBI Test Category B
2 150 125 100 20
2 120 95 8 75 5
2 325 275 215 165 10
3 495 435 385 355 5
3 540
3 1465 1,355 1,285 1,195 10
Bl Test Category C
2 98 8 75 20
2 98 8 75 20
2 152 127 111 20
2 152 127 111 20
2 60 50 40 5
2 360 325 250 10
3 795 695 595 10

CombinedPackag
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8. Analysis of Process Liquids

RELEVANT ANALYSIS
PACKAGES

P12¢ Sugars in Extract:
Glucose, Xylose, Fructose,
Sucrose, Mannose,
Arabinose, Galactes

Rhamnose, Xylitol, Sorbitol,

Arabinitol, Mannitol,
Raffinose Trehdose

P13¢ Sugars and
Oligosaccharides:

As P12 plus amousbf each
sugar in éigomericform.

P15¢ Uronic Acids:
Glucuronic¢ Galacturoni¢
Mannuronig Guluronig 4-O-
Methyl-D-Glucuronic

P22¢ Organic Acids and
Furans:

Levulinic Acid, Formic Acid,

HMF, Furfural,Acetic Acid

P23- Dimers and Trimers
from Cellulose:
Cellobiose, Cellotriose

P24- Dimers and Trimers
from Hemicellulose:
Xylobiose, Xylotriose,

Arabinobiose, Arabinotriose

P26¢ Xylo-QOligos:

XOS from DP2 to DP6 plus
Arabinofuranosylxylobiose
Arabinofuranosylxylotriose
Arabinofuranoxylotetraose

P29- Oligos from Starch:
From DP2 to DP8

P61 ¢ Sugars in BieDil
Water Extract

As P12 plusevoglucosan,
CellobiosanMannosan,
Galactosan

P62 ¢ Sugars and
Oligosaccharides in Bioil

Water Extract

24 CELIGNISSA

Biomass conversion processes can produce complex liquids containing

an array of products. We have the

methods, equipment and expertise to

allow you to find the real chemical value in your process liquids.

Celignis USAquantifies dozens of different
monosaccharides derived from biomass.

Analytes we can determine include mannito
sorbitol, arabinitol, glycerol, and xylitol.

We can quantify Galacturonic, glucuronic
guluronic, mannuronic,iduronic, and 4-O-
Methyl-D-Glucuronicacids in biomass/liquids.

-

Analyses for various sugar degradatic

products, such as organic acids (e.g. formr
acid, acetic acid, levulinic acid) and furans (e
furfural and HMF).

.

In our labs we can determine disaccharide
and oligosaccharides in two different ways:

@® Directlyc for example, we can determine
xylo-oligos up to DP6.

@® Indirectly via acid hydrolysis of the liquic
to break apart the oligosaccharides an
determine their constituent monomers.

Including levoglucosan, mannosan, galactose
and cellobiosan.

We determinefifteen different carbohydrates
in water-extracts and fatty acids in organic
solvents. Our QTOGEC/MS system allowss to
identify unknown extractive compounds

The bicoil fraction obtained from biomass car
also be highly complex but we have packag
to determine the important carbohydrates
(including anhydrosugars such a
levoglucosan, galactosan, mannosan, ai
cellobiosan) in the water phase of the oil a
well as the oligomeric sugars.
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O. Evaluation of Pre -treatments

THE STARTING FEEDSTOCK

We offer several packagesfor feedstock

composition P10givesdetaileddataon extractives

content, lignin, cellulose, and hemicellulose. P1
P14 P15 and Pl6are complementary providng

dataon water soluble carbohydrates, staralronic

acids and acetylAll the above are combined 19

(Deluxe Lignocellulose Package) which also give
more accurate lignin determination by correctin
for protein (P270).Theresultingdata will help in

selecting theright pre-treatment for the desired
product/application. The Celignisteam can assess
the compositioral data and design the pre
treatment process for the selected feedstack

2 LIQUID PRODUCT OF-PREATMENT

Traditionally, liquid from pretreatments are

considered alow value or wastse. However, with

advancemens in  green chemistry and
biotechnology pre-treatment streams are being
researched to produce highalue productsFor this

detailed compositional analysis meeded.Celignis
offers analysis packages for sugars, sugar alcot
and oligosaccharides in solution (P13)rganic

acids andfurans (P22) and uronic acids (P1E
Additionally, the fermented or chemical conversiot
products of these streams can be analysed based
cugom requirements.

3 SOLIDS FROM PREEATMENT

The solids separated from the prefted slurry
contain the biomass fraction that was no
deconstructed by the treatment and adsorbes
sugars, phenolics, et@ependingon pretreatment
type the adsorbed fraction can be significant ssal
needs to be removed for the analysis of structur.
components.Pretreatment efficiencyis calculated
by determining the enrichment of required fractior
in the solids (e.g. cellulose) and by determining tt
improved accessibility to enzymes using analy:
packagesustomdedgnedby the Celignis team
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BIOMASS FEEDSTOCK ANALYSIS

10. Seaweed Analysis

Our team has characterised thousands of seaweed samples as well
as the products and side -streams of seaweed valorisation processes.

differs greatly from terrestial biomass, analytical methods should be customi |
accordng to its consituents and the complex matrices of the samples. The Celignis 1 |

plus collaborations in international rourbin testing campaigns.

We currently offer over 20 analysis packages focused on seaweed. These cover ad
array of constituents, including carbohydrates, amino acids, pigments, phytohormo
vitamins, phenolics, tannins, flavonoids, bromoform, phlorotannins, and detai
characterisations of seaweed polysaccharides, including molecular weight analysis |

Our team has also worked with clients on bioprocess projects for seaweed valoris: @
in different applications, including biomaterials.

Our Analysis Packages for Seaweed

Seaweed SeaweedAmino Ultimate (Elemental)
Carbohydrates Acids Analysis

Fucose, Mannitol, Glucose, Xylosi Alanine, Arginine, Aspartic Acid, Cystin Carbon, Hydrogen, NitrogerSulphur,
Mannose, Arabinose, Galactose
Rhamnose, Total Sugars, Glucuror
Acid, Galacturonic Acid, Mannuroni

Glutamic, Glycine, Histidine, Isoleucine Oxygen, Ash.
Leucine, Lysine, Methionine, Phenylalanin

Acid, Guluronic Acidduronic Acid Proline, Serine, Threonine, Tyrosine, Valin
Major and Minor Seaweed Lipids as Pigments in
Elements Fatty Acids Seaweed

Aluminium, Calcium, Iron, Magnesiunr  Arachidic Acid, Behenic Acid, Decanoic Ac Fucoxanthin, Astaxanthin, Chlorophuyll

Phosphorus,  Potassium,  Silicor  grycic Acid, Lauric Acid, Linoleic Aci ChlorophyHa, Chlorophyib, Lutein, beta
Sodium, Titanium, Antimony, Arsenic

Linolenic AcidMyristic Acid, Caprylic Acid i i
Cadmium, Chromium, Cobalt, Coppe I I idMyristi | pryli 10 Carotene, Neoxanthin, Antheraxanthin

Lead Manganese Mercury Oleic Acid, Palmitic Acid, Palmitoleic Aci Violaxanthin.
Molybdenum, Nickel, Vanadium, Zinc Stearic Acid
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https://www.celignis.com/seaweed-analysis.php
https://www.celignis.com/package.php?value=32
https://www.celignis.com/package.php?value=32
https://www.celignis.com/package.php?value=32
https://www.celignis.com/package.php?value=19
https://www.celignis.com/package.php?value=19
https://www.celignis.com/package.php?value=19
https://www.celignis.com/package.php?value=46
https://www.celignis.com/package.php?value=46
https://www.celignis.com/package.php?value=46
https://www.celignis.com/package.php?value=41
https://www.celignis.com/package.php?value=41
https://www.celignis.com/package.php?value=41
https://www.celignis.com/package.php?value=127
https://www.celignis.com/package.php?value=127
https://www.celignis.com/package.php?value=127
https://www.celignis.com/package.php?value=84
https://www.celignis.com/package.php?value=84
https://www.celignis.com/package.php?value=84

Seaweed Vitamins (Water Seaweed
Phytohormones Soluble) in Seaweec Polyamines
I
Gibberellic Acid, Indol8-Acetic Acid, Thiamine, Niacin, Nicotinamide, Pyridoxinc Dopamine, Histamine, Serotonin
Indole-3-Propionic  Acid,  Indol&- Folic Acid, Riboflavin, Pantothenic Acii Phenylethylamine, Putrescine, Cadaverin

Butyric Acid, €BenzylaminePurine,
KinetinRiboside, Abscisic Acid
Salicylic Acid, Zeatin

Ascorbic Acid, Biotin Norspermidine, Spermidine, Spermine
Tvramine. Aamatine

Seaweed Total
Tannins

Vitamins (Fat Seaweed Phenolics
Soluble) in Seaweed Profiling

Phylloquinone,  Tocopherol, beta Acids (Gallic, Caffeic, Chlorogenic, Ferul Total Tannins.

Carotene CoumaricProtocatechuic), Catechin

Molecular Weight Total Phlorotannins Seaweed

Analysis Alginate Estlmatlon Bromoform Content
Using sizeexclusion chromatography Total Phlorotannins. Bromoform (for suitable species)

and refractive index detection.

Seaweed Extract Seaweed Seweed Dietary

Polysaccharides Flavonoids Fiber

I I [
A detailed package allowing for the  Total Flavonoid Estimation Dietary Fiber

determination of the content and
composition of polymers (fucoidan,
laminarinetc.) in various algal species

Sajna K\(PhD) our Bioanalysis Developenas developed
ySé6 | yR Odzad2yY lylfé&ara YS
needs, for seaweeds and other biomass. Sajna #&b&d

partin the NIST Quality Assurance Program (Seaweed)

Isolation of Seaweed Polymers for Production o
Sustainable Biomaterials: This project concerned the
development of a new sustainable process for tf
extraction, and subsequent modification, of alginate froi
seaweed. The processllowed for alginate extraction
without the use of harsh chemicals and also considered t

valorisation of process sidgtreams (e.g. fucoidan, cellulos:

SHAPE-MEMORY etc.). We found that tweaks in the extraction anc
modification stages could influence the physicochemic
properties of the resulng alginate, allowing for different
types of materials for different endses.
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https://www.celignis.com/package.php?value=151
https://www.celignis.com/package.php?value=151
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https://www.celignis.com/package.php?value=79
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https://www.celignis.com/package.php?value=157
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https://www.celignis.com/package.php?value=156
https://www.celignis.com/package.php?value=156
https://www.celignis.com/package.php?value=158
https://www.celignis.com/package.php?value=158
https://www.celignis.com/package.php?value=158
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https://www.celignis.com/package.php?value=170
https://www.celignis.com/package.php?value=170
https://www.celignis.com/package.php?value=169
https://www.celignis.com/package.php?value=169
https://www.celignis.com/package.php?value=169
https://www.celignis.com/package.php?value=171
https://www.celignis.com/package.php?value=171
https://www.celignis.com/package.php?value=171
https://www.celignis.com/package.php?value=174
https://www.celignis.com/package.php?value=174
https://www.celignis.com/package.php?value=174
https://www.celignis.com/package.php?value=173
https://www.celignis.com/package.php?value=173
https://www.celignis.com/package.php?value=173

OUR SERVICES

11. Biomass Combustion

RELEVANT ANALYSIS PACKAGES

P31¢ Volatile Matter

P32¢ Proximate Analysis:
Moisture, Ash, Volatile Matter, Fixed
Carbon

P33¢ Ultimate Analysis:
Carbon, Hydrogen, Nitrogen, Sulphur,
Oxygen, Ash

P34¢ Calorific Value and Elements:
Gross Calorific Value, Net Calorific
Value, Ash, Carbon, Hydrogen,
Nitrogen, Sulphur, Oxygen

P35¢ Chlorine and Sulphur

P36¢ Major Elements:

Aluminium, Calcium, Iron, Magnesium
Phosphorus, Potassium, Silicon,
Sodium, Titanium

We have a range of packages to help you determine
FETS e Iy the value of your feedstocks for the production of heat
Antimony, Arsenic, Cadmium, N
Chromium, Cobalt, Copper, Lead, and electricity.

Manganese, Mercury, Molybdenum,

Nickel. Vanadium. zinc Our laboratores are equipped stateof-the-art equipment that allow us to determine

the most important combustiofrelated properties of biomass.

R Bl diMinon Elements We recognise that it is important that you have confidence in the analytical data 1

e Mblistion Package: you receive. That is why we follow |.nternat.|onatb'cogn|§ed standard analysi:
Gross Calorific Value, Net Calorific methods and undertake most analyses in duplicate, reporting values for each of
Value, Chlorine, Moisture, Ash, replicates analysed, along with the average and the standard deviation. This allow
Carbon, Hydrogen, Nitrogen, Sulphur, ~ to repeat the analysis (at no extra charge) if the deviation values are high.

Oxygen, Volatile Matter, Fixed Carbon ) L ) .
Moisture and ash contents are of crucial importance for combustion. This is refle

P41c Ash Melting Behaviour in our online, Excel, and pdf reports where data for bioenergiated parameters are
(Oxidising Conditions) expressed on dmmnass, ageceived, and drash free bases, according to standat
Shrinkage Starting Temp method ISO 16993:2016

Deformation Temp Hemisphere

- ———— T t
Temp, Flow Temp E ]

|
P
.-

P42¢ Ash Melting Behaviour
(Reducing Conditions)
As P41 but under reducing conditions

P373¢ Thermogravimetric Analysis

P50¢ Ultimate Combustion Package:
P40 plus P38 and P42
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https://www.celignis.com/combustible.php
https://www.celignis.com/package.php?value=17
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12. Technoeconomic Analys 1S

Lab-scale data provide a valuable departing point in the Technology Readiness
Level (TRL) spectrum. However,a Techno -Economic Analysis (TEA) is crucial for the
successful commercialization of a developed technology. Our staff possess the
expertise to develop industrial -scale simulations of lab and pilot scale
technologies which are futher evaluated to ascertain the economic feasibility of

the identified technology.

Famiran mateil Souce e A oA
material

Miling
M:102

METHODOLOGY
l Waste biomass
Technical modelling and engineering design of pilot a ——
industriatscale processes are carried out using tl -E
. 2 . . . h, 60 °C, pH adjusted to
experimental data obtained. Rigorous simulatio ) - el o
. R actory once the 4% NaOH is added
provides reliable mass and energy balance data wh b0 C it Akl etcton I
f . . . . et ek s 12
constitutes the foundation for equipment design, sizir 2 kalientacion e

R103

and specification and utility demanektimations.

The facility design information enables the estimatic
of capital and operating costs of the propose P
production facility using reliable costing models. This P
followed by a thorough evaluation of the economi
performance of the process. All the technicahd
economic hotspots in the process flow are identifie
and modulated to improve the robustness of th
process.
PROCESS SIMULATION

A thorough techneeconomic evaluation provides more
clarity which guides decision making especially in t Process simulation enables the moewiented

case of making a significant financial commitmentch

as the establishment of a production facility. TEA

valuable in ensuring appropriate resource allocatiol
and identification of main influencing paramters

representation of chemical, physical, biologicand
other technical processes as well as unit operatio
using the appropriate simulation software. This allov
for the technical evalation of a process for the desigr
development, analysis and optimization without havin
to phydcally build the process.

With our thorough understanding of chemical
biological and physical systems, we are able to develt
realistic and accurate industrisicale simulations of lab
and pilotscale processesto find optimal operating
scenarios of examinedechnologieswithout wasteful
expenditure of time and resources. The simulate
process largely consititutes the foundation for energ
economig and sustainabilityassessment of a technica
process or product system.
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