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WE ARE CAMLIN

ENGINEERING FOR A BETTER FUTURE

We are committed to making the world’s
electricity, gas and transport infrastructures
smarter and more efficient, working to keep

the lights on, gas flowing and passengers moving.

We make this happen by combining our deep
technical expertise with profound data driven
insights — creating sustainable solutions that will
drive the success of tomorrow’s smart energy
infrastructure and transportation networks.



GLOBAL SPOTLIGHT

Facilities in 21 cities — across 17 countries

GLOBAL FOOTPRINT: LOCAL SUPPORT

UK Headquarters

* Design & Testing Centre

* Manufacturing

European Technology Centres of Excellence

* Spectroscopy - photoacoustics, NDIR, UV-DOAS
* Artificial Intelligence/Machine Learning

* Partial discharge

* Computer vision

International Sales and Technical Support

* Sales & service centres local to our customers
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UK: CAMLIN HQ

Arcen, Netherlands

Krakéw, Poland

Bologna, Italy

Chicago, USA

S3o0 Paolo, Brazil

Sydney, Australia
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OPTIMISING CRITICAL INFRASTRUCTURES WORLDWIDE

OUR CUSTOMERS
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PRESENTATION AGENDA

The problem of VOGs in biogas upgrading

The importance of online monitoring of VOCs

Case Study: Decisions made based on monitoring data

a'a Camlin’s innovative technique for measuring VOCs
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THE VOC PROBLEM
(K camLIN

SOURCES OF VOCs

Biogas production Common VOCGs and other contaminants in biogas:

* P-cymene: butter, vegetables such as carrots, some
fruits, most spices etc

« D-limonene: citrus fruits, celery, other foods, additive
in many flavourings and household products

* Pinenes: garden waste, cosmetics, household
products

Anaerobic
Digestion

» Hydrogen sulphide: always present in biogas and in
very high concentrations where high protein
feedstock, poultry litter, molasses

«  Ammonia: always present and can be in very high
concentrations from a wide variety of sources

« Other contaminants include xylenes, 2-butanone,
acetone, carbon disulphide, etc
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THE VOC PROBLEM

REMOVAL OF VOCs (K camun

Biogas production — Biogas upgrading

H,S removal 1
H,S removal 2
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Raw Biogas

Activated Carbon Filters \@ CAM LI N

Sample points between activated
carbon filters to provide a warning
when they are becoming saturated

Sample point before activated
carbon filters to determine
the VOC composition of the biogas
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Clean Biogas

Landfill Gas
Sample point after activated
carbon filters to make sure that
‘Ansorohic VOCs are not leaking through
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THE VOC PROBLEM

IMPACT OF VOCs

(K camLIN

Too early Reduced profits

AC Filter Saturation
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AC Filter Saturation VOCs

Changing Activated Carbon

Too late

Biomethane not
meeting required
specification
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CASE STUDY

DATA TO DECISION (& cAMLIN

Blogas prOd uction BioSpec VOC: Raw Biogas VOC measurement (3 months)
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Data source: Biogas upgrading plant with 100% food and agri-waste
as feedstock. Data collected by Camlin’s online BioSpec VOC analyser
(only three out of 14 measured gases displayed).
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CASE STUDY

DATA TO DECISION (& cAMLIN

BioSpecVOC: Post H2S & VOC activated carbon (3 months) KEY NOTES
Replacement of * Breakthrough rates differ by molecule
“— activated carbon filters  Ketones breaks through before terpenes
« Terpenes can replace ketones in the carbon
Pomens /o
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© dimonene | o : s UNLOCKING VALUE:
" 2-butanone (MEQ) i .  Most appropriate filters for contaminants
] : experienced can be chosen
» Activated carbon filters can be replaced at just
the right time:
Reducing cost of activated carbon
Protecting upgrading plant equipment and
uptime
e Validating that no masking agents leaking

Data source: Biogas upgrading plant with 100% food and agri-waste th,rough to, 985 grld Injection UﬂItS. ,
as feedstock. Data collected by Camlin’s online BioSpec VOC analyser ¢ Operational efficiency and returns maximised

(only three out of 14 measured gases displayed).
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INNOVATIVE APPROACH

OPTICAL SPECTROSCOPY (& cAMLIN

Specially developed for the detection and measurement of VOCs (e.g. ketones,

terpenes) and other contaminants. All gases are measured in a single measurement.

Terpenes Ketones Xylenes Other gases
3-carene acetone m-xylene hydrogen sulphide
alpha-pinene 2-butanone (MEK) o-xylene ammonia
beta-pinene p-xylene dimethyl sulphide
limonene carbon disulphide
p-cymene
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INNOVATIVE APPROACH

BIOSPEC VOC

(K camLIN

Unmatched in robustness, reliability and simplicity of operation and most cost-effective

technology on the market.

O 06 & o

Reduced plant Maximise Multiple sample
operating costs plant uptime recallbratlon points
Flexible Easy Simple Minimal
Installation Integration Operation Maintenance
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THANK YOU (& camun

Camlin Group +44 (0)28 9262 6989 mail@camlingroup.com
31 Ferguson Drive

Lisburn

BT28 2EX Troy Keenan

Northern Ireland Business Development Associate, Camlin Biogas

United Kingdom t.keenan@camlingroup.com
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