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THE BENNAMANN CYCLE — CAPTURING & REPURPOSING FUGITIVE METHANE
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« Slurry lagoons on diary farms act as a collector and concentrator of
waste biomass

« A typical dairy farm produces six times more fugitive methane than it
can use — Bennamann collects excess, sells and shares the profit

A New Holland gas tractor running on fugitive methane takes the
equivalent of 680 cars off the road annually

» Typical 150 head dairy farm produces 40,000kg of fugitive methane and
is worth £10,000 — £15,000 in cash and operational savings to the farm

* The equivalent carbon saving is 3440 tonnes



FUGITIVE METHANE — THE CHALLENGE AND THE OPPORTUNITY

Geophysical properties

GWP-weighted share of global GHG emissions in 2010

Instantaneous WG
i SAR (Kyoto
Kyoto gases Atmospheric forcing (Kyoto) (20 and 100 year from AR5 & 500 year from AR4)
lifetime (year) ,

(W/m?/ppb) 100 years 20 years 100 years 500 years
co, various 1.37x 107 76 % 52 % 73% 88 %
CH, 124 3.63x 10 16 % ( 42% > 20% 7%

=S
N,0 121 3.00x 1073 6.2% 3.6% 5.0% 3.5%
F-gases: 2.0% 23% 22% 1.8%
HFC-134a 134 0.16 0.5% 0.9% 0.4% 0.2%
HFC-23 222 0.18 0.4% 0.3% 0.4% 0.5%
CF, 50,000 0.09 0.1% 0.1% 0.1% 0.2%
SF 3,200 0.57 0.3% 0.2% 0.3% 0.5%
NF, * 500 0.20 not applicable 0.0% 0.0% 0.0%
Other F-gases ** various various 0.7% 0.9% 0.8% 0.4%

NF; was added for the second commitment period of the Kyoto period, NF; is included here but contributes much less than 0.1 %.
Other HFCs, PFCs and SF4 included in the Kyoto Protocol’s first commitment period. For more details see the Glossary (Annex ).

B .

VENTURES

 ———— INDUSTRIAL

METHANE IS RESPONSIBLE FOR
42% OF NEAR-TERM GLOBAL
WARMING

(IPCC 5th Assessment Report)

MINIMISING MANMADE FUGITIVE
METHANE EMISSIONS WILL HELP
SLOW THE ONSET OF NEAR-TERM
CLIMATE CHANGE

METHANE IS A FUEL THAT CAN
DIRECTLY REPLACE ALL FOSSIL
FUELS, FURTHER REDUCING IT’S
GLOBAL WARMING IMPACT

Over 20 years a methane molecule absorbs and traps heat 86 times more efficiently than CO2

Capturing 1 kg of fugitive methane effectively removes the equivalent of 86 kg of CO2 from atmosphere

Methane is unique in that it’s the only GHG that can power it’s own capture and removal — and then some!

Captured fugitive methane offers an 86 fold GWP benefit over ‘carbon neutral’ feedstock derived biofuels

Capturing fugitive methane now offers the potential to slow down the early onset of global warming




GRASS

FUEL, HEAT ®/ \I

& ELECTRICITY / ‘fﬁ%(—\g

Bennamann CNH venTures
f

What is radically new about Bennamann’s approach? === =%~
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Rapid mobile biogas upgrading shared
between sites

‘@ Local storage of cleaned biogas at source
SLURRY LAGOON

0.%°4 0
romeE \ / % - Purification and liquefaction cooled by
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@ .. v liquid nitrogen from existing supply chain
STORAGE ‘ \\ \/q@ BIOGAS D \
\T s s
— \M@] _— m Local aggregation and distribution
O 00

Bennamann’s local aggregation & distribution model model exploits

Local biogas storage and process preparation
Conventional Natural Gas and LNG sector Rapid mobile biogas refining and liquefaction

] ) loT monitoring control and networked logistics
Economies of scale and geographical remoteness

demand a continuous supply, centralised processing, This provides de-integrated, de-centralised & de-synchronised biogas processing,
and distribution through a piped grid network or ‘just | liquefaction and storage

in time’ bulk LNG transportation Road transportation logistics for distribution/ sales.
That dramatically reduces capital cost, increases flexibility and provides resilience
This renders it: to fluctuations price and demand
* Vulnerable to geopolitics Bennamann offers a secure and resilient global energy market for untapped
» Sensitive to fluctuations in supply and demand sources of fugitive and biomethane with unrestricted access to the global

* Limited access to the global customer base customer base



Farmer saves
maney on fertissr

Sty is saraped of channelled to
the reception pit via existing means

Liquid slurry

Nutrient rich digestate

Gas produced by the shurry
layer is fitered of HS before
being pumped to the top
layer

Reception/unloading I \
pit \>

Slurry Is checked for contamination then Pumping and \\

pumped to the shurry lagoon. Digestate from stirring unit

the bgoon can be pumped badk into the
reception pit for unloading and use on the
fields 1
Covered slurry .
lagoon \ %
S o N
the 1op two kayers and helps to nsutate the system
kgoon
Gas is removed periodically via
Bennamann’s moble BoCycle system
and 5 compressed or quehed for
refudiing Cormac vehickes

Bennamann Energy remotely monitors
and manages the whole prooess for

the farmes
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Cornwall Council
Six Farm Pilot

(CC have 58 tenant
diary farms)
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POWERTRAIN TECHNOLOGIES
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PRODUCT PORTFOLIO: GAS CAPTURE — COVERED LAGOONS

OPTION 1: NEW LAGOON
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ENERGY INDEPENDENT FARM
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Energy Independent Farm*" Dairy Farm

How the Bennamann system works

BIOGAS CAPTURED BIOGAS UPGRADED TO BIOMETHANE
Wet S|urry passed IN LAGOON AND STORED d E COMPRESSED AND / LIQUIFIED OUTPUT
into lagoon
Riéduics Cof‘ CH, ENERGY DENSE LIQUID
and N, O pollution
_ 2 POTY i
—— and maximizing T:A?d;%r;‘;gﬁ'o
MIKING COWS methane yield - EXTERNAL MARKETS
IN SHED Removes CH,,NH, and N,O emissions IN NOVEL ZERO.VENTING
LIGHTWEIGHT TANK
A A A — A
: Enhanced Digestate Biomethane used Biomethane used
’ for on-farm CHP in farm vehicles Biomethane
v used off-farm
Cover crop farming used
Macerated manure, = -
feed and bedding } E

«— —»

BIO-METHANE

v

Pasteurized recycled
green bedding produced

Improves soil health, Allows farms Tractors fueled VEHICLES Novel off-grid
promotes silage growth, to scale up for Energy on farm with better than
reduces need for costly and Independence with a better than zero-carbon
polluting chemical fertilizers a better than zero zero carbon fuel rapid EV charging
carbon fuel at a reduce

running cost

Reducing cost, reducing
\ waste, reducing pollution
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POWERTRAIN TECHNOLOGIES
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Before and After Energy Independent Farm*” Implementation

CO,e Output 150 Cow UK Dairy Farm - BEFORE

Dairy using red diesel / heating oil for heat

6t CO2e pa

Medium sized diesel tractor 1500 hours pa

103t CO2e pa

Enteric fermentation (CH4 only)

1625t CO2e pa

NPK Chemical fertiliser usage

155t CO2e pa

Uncovered slurry lagoon (CH4 only)

2387t CO2e pa

Manure piles emitting CH4, N20 and CO2

131t CO2e pa

Manure pilef

lﬁquid slurry

Slurry lagoon

BENNAMANN SOLUTION

FARM CO,e OUTPUT ~4400 TOTAL METHANE COe BRI
(kg CH4 GWP20 86kg CO,e) tCO,e pa REDUCTION (86kg CO,e) tCO,e pa

~60% Reduction in methane
CO,e emissions on farm

CO,e Output 150 Cow UK Dairy Farm - AFTER

Enteric Fermentation

1625t CO2e pa NPK Chemical fertiliser usage
45t CO2e pa

Use of Biologically Enh;
Digestate Digestate to replace fertiliser
Enhancer
Gnlll atlon unit
\> ’ Energy
oo ‘, o — —7 Customers

lagoon

Farmer saves money

on bedding
Use of pasteurised bedding from
hydrolysis process

Manure piles emitting CH4, N20 and CO2

131t CO2e pa

hyd Ivs: nt ‘
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Fudstock waste
& manure solids

qu id slus v

Uncovered slurry lagoon emitting CH4, N20 Mobile or Fixed
Farmer’s gy ECTCN LquaEooitivasisthsie (LER) Remaining biomethane

or's ner
2387t COZe a costs are reduced E displacing diesel in Gas Vehicles
Optional on-site heat and &

29t CO2e pa
electricity from fugitive

methane use

Farmer's fuel costs
are reduced

Dairy using red diesel / heating oli for heat

6t CO2e pa Option to power a Compressed

Natural Gas (CNG) tractor
‘ prreeeem
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Medium sized diesel tractor 1500 hours pa

103t CO2e pa

~65% Reduction in CO,e
emissions from farm

TOTAL CO,e ~2800

CO,e REDUCTION ~290

REUSING METHANE tCO,e pa REDUCTION (86kg COze) [ERICONNE]

140 UK household
carbon footprints







