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First-of-a-kind use of real industry cost data
to investigate the cost of EU biomethane production

BIP Europe

The Biomethane Industrial [ 4 o o o o o
Partnership TaskForce 4 provides & A& A& A& A& &
insightsinto best practices for
C;:z‘:ff;;z;‘of efficient & low-cost biomethane o o ® ® ® ®
biomethane production pI’OdUCtion, Ond grld injeCtion, - - - - - -

and grid connection

Sub group 4.2:focusseson the '|7 ® ® ® @ ®

: : & & O A A
cost of biomethane production , _
companies across the biomethane supply

First-of-a-kindanonymous data chain joined efforts, 13 companies
collection using realcompany submitted data.

data
o facilitated by Common Futures with
careful consideration for EU

competition law Initial results and ideas on cost

.) ) ()] reductions were discussed ata

'\% workshop in Brussels together with

all companies

Results now in final draft, with
highlights shown in this report.
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Biomethane production
costs show large
economies of scale

Total cost of biomethane production and upgrading

Capital costs W Operational costs B Feedstock cost Total costs
120
. o o 91
The total cost of biogas production and upgrading 100
ranges from €54-91/MWh 80
54
Economies of scale are evident, especially in the capital costs °0 .
40
20
Size category 2 has submissions with “public 0
feedstocks”. This leads to the negative average 20
feedstock cost.
-40
The cost of production from other feedstocks Size Category 2 2 4
shows that using public feedstocks leads to on Biogas (m3/h) 500 - 1300 500 - 1300 »2000
average higher capital and operational costs than Semnaineme (e 300- 780 300- 780 51200

production with other feedstocks. Biomethane (VW) - 3-8 14
Excluding public

feedstooks* All feedstocks

Submission types All feedstocks

*Public feedstocks are public waste streams which can be used as feedstocks but
commonly require significant levels of pre-treatment, and thus come with no cost or
a negative cost (gate fee)

© Biomethane Industrial Partnership 2023




Biogas facility most significant cost G,}Ep
iIn biomethane supply chain;
feedstock mix dependent —

Digesters, civil works, & wastewater
+ digestate handling facilities are
the dominating costs

- Thebiogas production facilityis the mostsignificant
cost in the biomethane supply chainon average

o Digesters, civil works, & wastewater + digestate Biogas facility CAPEX
handling facilities are the dominating costs

« When separating the public feedstock and non-public .
feedstock production, the capitalinvestments are

shown to be 80% higher on average for public
feedstock production.

o Pre-treatmentfacilities are notably more
expensive for public feedstock production.
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- Economies of scale is strongin capital costs, with size Category 2 (public only) 2 (non-public)
investmentsrequired per capacity decreasing by a siogas (m3/h) - T
factor of 2 with an increase in size from size category 2 Biornethane (ma/h) S0 B 60 75
to 4. Biomethane (MW) 3-8 3-8

No. of plants 4 23
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Feedstock mix costs have large range
but the total cost related to a feedstock mix

choice are similar

BIP Europe
Biomethane Industrial Partnership

Feedstock mix costs from submissionsrange between -€94 and €43/MWh,,, . cthane.

Total feedstock related costs & components -
Size category 2

Pre-treatment capital costs m Pre-treatment operational costs

m Feedstock gate fee

m Compliance costs Total feedstock related cost

50 €41

40
30

Manure & energy crops

(12)

Manure feedstocks (4)

—~
e
s
=
~
Y
2
[0}
O
O

A “total feedstock related cost” parameter can be
calculatedto see how the feedstock cost relates to the

costsinduced by your feedstock mixchoice

The costs considered are:

O

/7 =
/ -
N — ‘=
— Q g
P —
Feedstock cost Pre-treatment Pre-treatment Compliance

capital costs operational costs costs

The results show that despite the largerangein
feedstock cost, the total feedstock-related costis
comparable for very different feedstock mixes.



Conclusions

BIP Europe

The cost of biomethane productionin 202]
was on average €87/MWh for producers of

~ 540 Nm3/h, and €54/MWh for producers of
>1200 Nm3/h.

If compared with the naturalgas wholesale
TTF price and a cost of carbon a of €64/MWh!,
large producers could already be cost
competitive, but biomethane production
remains on average more expensive.

Economies of scale are strong in biomethane

BleclEoiesReaaiiviiniiic cHpItAlCoSt=: Benefits of biomethane not fully capturedin

a cost analysisbased onitsuse as an energy
vector. Biomethane’srole in enabling other

sustainable processes and allowing emission
reductionin hard-to-abate end uses will likely

Despitefeedstock costs ranging from —€94 bring a high value for biomethane

to €43/MWh when considering the cost of
pre-treatment and other costs incurred by
feedstock mixchoice, the “total feedstock
related costs” are comparable for differing
feedstock mixes.

" ATTF cost for natural gas of €44/MWh (ICE: “CAL 24" TTF future price) and an EU
ETS price of €100/tCO, with an emission factor of natural gas of 5BgCOZ/MJ,
leading to €20/MWhye.

© Biomethane Industrial Partnership 2023 8
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Introduction

The Biomethane Industrial Partnership

BIP Europe

« The BiomethaneIndustrial Partnership (BIP) was created

SRA SusTaNALE ; s with the intention to help to achieve the REPowerEU target

of 35 becm of annual biomethane production by 2030.

« The European Commissionintroduced the 35 bcm target
as it recognises the important benefits of biomethanein
enhancing Europe’s energy security and to reduce
greenhouse gas emissions (includingthe ability to
generate negative emissions).

« Biomethane also has other important benefits as an
enabler of more environmentally friendly, circular
agriculture, plus biomethane also has important energy
system benefits as a storable, energy dense renewable

The launch of the BIP by EVP Timmermans and Commissioner Simson energy source which can be tra nsported through existing
on the 28 of September during the European Sustainable Energy Week. .
gas infrastructure.
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Introduction

7N

BIP Europe

Blormatharns Industral Portnership

Task Force 4.2 focuses on production costs

« Work of the BIP takes placein five Task Forces, each with their own focus

o Task Force 4 aims to provide insights into best practices for efficient and low-cost biomethane
production and grid injection.

« TaskForce 4 is divided into three subgroups:
o Task Force 4.1 — Valorisation of by-products of biomethane production e.g. digestate, biogenic C 3,
o TaskForce 4.2 - The cost of biomethane production and how this canbe reduced
o Task Force 4.4 — Optimise grid connections and grid reinforcements to allow low cost biomethanzs
injection
« The presentreportcapturestheresultsof Task Force 4.2

o Thiswork is also linked to the work of other Taskforces, e.g. the work of Task Force 2 where the
business case is evaluated, with many topics such as the de-risking of projects discussed here
which can have a large influence on the cost of biomethane production.

o Additionally, the results of this Task Force 4.2 report are useful to the work of other Task Forces such
as Task Force 1, as national governments would like to know the cost of production to understand
how best to support biomethane supply chains.

© Biomethane Industrial Partnership 2022

Task Force 1
National biomethane
targets, strategies and
policies

Task Force 2

Accelerated biomethane
project development

Task Force 4

Cost efficiency of
biomethane production
and grid connection

Task Force 3

Sustainable potentials for

innovative biomass
sources

Task Force 5

Research, Development
and Innovation needs
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Introduction

First-of-a-kind data collection effort

Given the lack of recent publications on biomethane costs, and the desire to understand real cost
dataq, a first-of-a-kind anonymous data collection process using real company data has been
facilitated by Common Futures for Task Force 4.2, with careful consideration for EU competition
law. The following steps were followed:

A large group of plant owners, operators, developers, EPCs and technology providers wereinvited to
@ join the Task Force 4.2 effort. Of these, 17 companies joined, of which 13 have submitted data
OO anonymously. Anaerobic digestion was the only productionroute investigated givenits current
TF=32  marketdominance, and the lack of data that would be anonymously available from companies
producing from other methodologies.

An excel questionnaire was then used to anonymously collect data from these participants and the
initial results and ideas on cost reductions were discussed at a workshop in Brussels with the Task
Force 4.2 members.

These results have beenrefined and improved in collaboration with the participating companiesand
are presentedin this report.

i) S@;
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Way of working

Scope of data collection
considered gate-to-gate
of biomethane plant

The questionnaire used for this data collection
considered the biomethane supply chainfrom the
feedstock enteringthe gate to the biomethane being
prepared to leave thefacility.

The following points were taken into accountin the
questionnaire:

+ Alldata was asked for corrected to the year 2021in
order to avoid collecting costs from 2022 whichis
seen as a crisisyear

« Data was askedfor on a cost basis without any
subsidies.

© Biomethane Industrial Partnership 2023




Way of working

B\

BIP Europe

Blormatharns Industral Portnership

Multiple cost headings were considered

The main cost headings that were considered in the questionnaire were:

Feedstockcost: the cost of procurement and transport to the facility.
Unit: €/Mthiomethcne

Biogas production cost:

CAPEX: the cost of the facility to produce biogas from this feedstock, including civil
works, pre-treatment facility, digesters, balance of plant, and waste water and
digestate treatment facilities. Unit: € [MWpiomethane installed capacity.

OPEX: the cost of operating the biogas plant with the cost of additives, pre-treatment
OPEX, cost of labour, cost of maintenance, cost of compliance with national and
other regulation/environmental reporting, external energy use (Unit. MWh/MWh) and
the cost of this energy. Unit: €/MWhpiomethane.

Biogas upgrading cost:

CAPEX: the cost of the upgrading facility, including the civil works costs, upgrading
technology costs, balance of plant costs, gas handling costs, and biogenic CO,
storage costs. Unit: € [MWpiomethane installed

OPEX: the cost of operating the upgrading facility, including the cost of additives, the
cost of labour, the cost of maintenance, the external energy use (Unit: MWh/MWh)
and the cost of this energy. Unit: € [MWhpiomethane.

Downstream biomethane costs:

- Grid injection (8 bar grid pressure): CAPEX and OPEX for injection of biomethane onto
the lower pressure gas grid.

- Grid injection (54-80 bar grid pressure): CAPEX and OPEX for injection of biomethane
onto the higher pressure gas grid.

+  Bio-CNG production: CAPEX and OPEX for compression and storage of bio-CNG (250
bar).

+  Bio-LNG production: CAPEX and OPEX for liquefaction and storage of bio-LNG (~-160
degrees celcius).

By-products:

+ Although some questions were asked regarding the primary by-products, e.g.
investment into digestate handling facilities/biogenic CO, storage there was less of a
focus on the costs associated with these by-product streams as their valorisation is
the focus of Task Force 4.1.



Way of working

Requirements to consider data points in

7\

BIP Europe

Blormatharns Industral Portnership

analysis and other assumptions

Several requirementswere made on the collecteddata points in order to integrate them in the analysis:

The minimum requirementfor a data point to be shown was having at
least three plants submitting that data point, from atleast two
companies.

Limited data availability in certain parts of the supply chain leads to the
reduced possibility for full analysis of the biomethane supply chain.

As such, the results here only concern the cost of biomethane
production (biogas production and upgrading) and not the
downstream costs of biomethane (preparation for distribution, e.g.
liquefaction)

In this analysis limited data also reduces the possibility to calculate the
cost of production with different feedstock mixes. A general distinction
can be made between public and non public feedstocks, public
feedstocks beingin this case namely Municipal Solid Waste (MSW) or
Waste Water Treatment Plant (WWTP) sewage sludge. Any future work
with more submissions would hopefully allowed more detailed analysis.

The current data analysis takes averages with equal weight between
companies submissionsinstead of between plants. This is done as
there is a wide range in the number of plants per company submission
(1-35), thus this averaging protects the weight of each company’s data.

A point of note on the results that will follow is that feedstocks with gate
fees for feedstocks (negative feedstock costs) only occurred at one size,
in size category 2. As such the range of costs here are larger than the
other size categories, and some averages are also influenced by this.

For making capital costs comparable to operational costs a discount
rate of 10% and a lifetime of 25 years is considered to convert CAPEX
values into capital costs. See Appendix B for further elaboration.

For direct comparability of operational costs in this analysis an external
energy cost of €55/ MWh¢ergyinputWas assumed independent of energy

type.



Way of working

Submitted data represents
~10% of total EU biomethane
production

45 -
General 20 4
+ 13 submissionsreceivedfrom companieswithin Task 35 -
Force4.2.
% 30
« These 13 submissions representa combined 2 .
biomethane output of ~3.5 TWh/year 5
8 20
£
Biogas production z 187
. .. . 10 -
* More operational cost submissions than capital cost
for biogas production 5 I
« Full analysislimitedto size categories 2 & 4 0 —
Size Category 1 2 3 4
Biogas (m3/h) <500 500-1300 1300 - 2000 >2000
Biomethane (m3/h) <300 300- 780 780-1200 >1200
Biomethane (MW) <3 3-8 8-14 >14

© Biomethane Industrial Partnership 2023 18



Review of submissions
Biogas upgrading
submissions have good
data coverage

Biogas upgrading

+ Biogas upgrading has better data coverage than
biogas production.

« Full analysis possible for all plant sizes except size
category 3, where thereis not enough operational

cost data.

© Biomethane Industrial Partnership 2023

M Biogas upgrading CAPEX submissions

Biogas upgrading OPEX submissions

60 -
50 A
2 40 -
c
k)
o
S 30
[0}
Ko]
§
3 20
10 A
0 I I
Size Categor 1 2 3 4
Biogas (m3/h) <500 500-1300 1300 - 2000 >2000
Biomethane (m3/h) <300 300- 780 780-1200 >1200
Biomethane (MW) <3 3-8 8-14 >14
19
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Review of submissions

Limited data coverage of the biomethane
distribution methods costs restricts analysis

Downstream biomethane costs

« When considering the distribution methods of biomethane following upgrading, as grid biomethane, bio-

CNG, or bio-LNG, the data coverage is in general too limited to provide a good analysis.

+ Bio-CNG submissions for CAPEX are all from 1company, and so cannot be shown.

M Grid biomethane CAPEX submissions : oo " i
M Bio-LNG CAPEX submissions Bio-LNG OPEX submissions ey o o o
Grid biomethane OPEX submissions (High P) B Bio-CNG CAPEX submissions Bio-CNG OPEX submissions
B Grid biomethane OPEX submissions (Low P)
35 30 16
30 14
25
g 25 % ‘E 12
o 20 [¢]
22 g S
s} u ~—
5 S 15 S 8
3 15 g 8
£ e E G
210 510 5
4 Z 4
5 5
2
0 0 || 0
Size Category 1 2 3 &l size Category 1 2 g 4 size ca teg ry
Biogas (m3a/h) <500 500 - 1300 1300 - 2000 >2000 Biogas (m3/h) <500 500 - 1300 1300 - 2000 >2000 iogos (m3/h) 500 - 1300 1300 - 2000 2000
Biomethane (m3/h) <300 300 - 780 780 - 1200 >1200 Biomethane (m3/h) <300 300 - 780 780 -1200 >1200 Biomethane (m3/h) <300 300 - 780 780 -1200 >1200
Biomethane (MW) <3 3-8 8-14 >14 Biomethane (MW) <3 =6 8-14 >14 Blumethune (Mw) <3 3-8 8-14 >14
© Biomethane Industrial Partnership 2023 20



Executive Introduction Way of Working Biomethane Conclusions Way Forward
Summary Cost Results



OVENIeW Of COSt categorles

5 S - Biomethane Production

04.

Biogas

Total costs Pre-FID costs
A production costs

05. ¥ 06.
Biogas Downstream Other relevant
upgrading costs biomethane costs costs
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Total costs of biomethane
production
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Biomethane cost results 01.

Biomethqne prOdUCtion Total costs of biomethane
costs show substantial production
economies of scale

Total cost of biomethane production and upgrading

e Thetotal cost of biogqs production and upg rqding Capital costs M Operational costs M Feedstock cost Total costs
taken as the average of all submissions at the 20
relevant size. 100 o

+ Size category 2 has an negative average feedstock e
cost due to the occurrence of public feedstocks
here. This negative feedstock cost comes with
higher production costs than production with other
feedstocks.

84
54
60

20

Cost (€/MWh)

+ When removing the public feedstock plants, capital 0 —
and operational costs reduce but the big changeto
the cost of feedstocks leads to a higher total cost of

production. ~40
Size Category 2 2 4

-20

+ Size category 4 shows a typical production cost

. . Biogas (m3/h) 500 - 1300 500 - 1300 >2000
breakdown, with notable economies of scale from
size Cotegory 2 Biomethane (m3/h) 300- 780 300- 780 >1200
Biomethane (MW) 3-8 3-8 >14

Excluding public

feedstocks* All feedstocks

Submission types All feedstocks

© Biomethane Industrial Partnership 2023 24



02.

Pre-FID costs




Biomethane cost results

Pre-FID costs increase
for smaller plants &
potentially smaller
companies

» Pre-FID costs show a large economies of scale

« High costoutliers are hypothesized tocome from
projects where the plant has been purchased froma
developer who has sold the Pre-FID costsat a
premium, with “value pricing”.

+ Furtherinvestigationis needed into how this could
change between plants using different feedstock
types, as limitationsin the data set did not allow this
analysis.

« The size and experience of companies could influence
pre-FID costs as well, though with anonymous data
this is not possible to conclude from this study.

© Biomethane Industrial Partnership 2023

1200

1000

800

400

Cost (Eur/kw)
(e}
o
o

200

Size Catego
Biogas (m3/h)

Biomethane (m3/h)
Biomethane (MW)
No. of plants

02.

Pre-FID costs

Pre-FID CAPEX

<1300

<780
<8

3&4
>1300

>780
>8
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Biomethane cost results

Feedstock costs have a large range and can be
hegative depending on the feedstock mix

- Feedstock costs from submissions range between -€94 and +43[MWh,;, 1 cthane. SOME producers use feedstocks
where they can charge a gate fee for accepting those (negative cost). These feedstocks are typically “public
feedstocks”,i.e.MSW or WWTP sewage sludge.*

- The average cost weighted per submissionis €2/MWh and weighted per plantis €19/MWh.

+ These feedstock costs change significantly between different feedstock mixes with the costs distribution shown
below.

—m

Feedstock costs

- : + coseoameaa s

-100 -80 -60 -40 -20 0 20 40 60
€/MWh biomethane
- DOU L] - L] L] o 3 .

Feedstock costs €/MWhcys 8-43 23-39 (-94)-0 0-24 Feedstock costs

Number of plants # 6 52 8 8

*MSW: Municipal solid waste
WWTP: Waste water treatment plant

© Biomethane Industrial Partnership 2023 ABP: Animal by-products 28



Biomethane cost results
Feedstock cost do not increase for larger plants

BIP Europe

||||||||||||||||||||||||||||||||

despite the assumed larger procurement radius

+ The feedstock procurement radius of larger plants tends to increase compared to smaller plants, this can be
expectedto bring anincreasein transport costs. However, the results indicate that the increased cost of longer
transport distancesis not significant. and is notseenin the data. This could indicate that benefits of economies
of scale counteract this expected increasein transportcosts.

+ Whenremovingthe public feedstocks from size category 2 to isolate the cost of non-public feedstocks it confirms
this general decreasing trend for non-public feedstock costs with increased size.

60

40

20

0
-20

(€/Mwh)

-40

-60

-80

-100

Feedstock costs

Biogas (mslh)

Biomethane (m3/h)
Biomethane (MW)
No. of plants

500 500 - 1300 1300 - 2000 >2000
<300 300 - 780 780 - 1200 >1200
<3 3-8 8-14 >14
18 27 7 4

© Biomethane Industrial Partnership 2023

Feedstock costs (without MSW/WWTP feedstocks)

50

45
40
35
’_g 30
S 25
=
£ 20
15
10
5
0
Size Categor 1 2 3 4
Biogas (m3/h) <500 500 - 1300 1300 - 2000 >2000
Biomethane (m3/h) <300 300 - 780 780 - 1200 >1200
Biomethane (Mw) <3 3-8 8-14 >14
No. of plants 18 19 7 4

03.

Feedstock costs

29



Biomethane cost results

A 'total feedstock related cost’ 03 °
shows that the feedstock cost at Feedstock costs
the gate does not tell the full story

« A total feedstock related cost can be calculated to see how the

feedstock cost relates to the costs induced by your feedstock
na yyed Total feedstock related costs & components -

mix choice.
: Size category 2
* The costs ConSIdered here are. m Feedstock gate fee Pre-treatment capital costs H Pre-treatment operational costs
o The feedstock costs— the cost of the feedstock and its delivery to the m Compliance costs Total feedstock related cost
plant.
50 €4]
o The pre-treatment capital costs— namely the pre-treatment and €35 €35
the waste water and digestate handling facilities. &Y
o TIhe pre-treatment operational costs — namely the pre-treatment 30
OPEX and the cost of additives to the digester. 20
o The compliance costs- these are the costs for administrative effort = 10 l
to comply with national and other regulation, do environmental %
reporting and achieve certification. ) 0
~ _j0 | Manure feedstocks (4) Food waste (4) Manure & energy crops
+ The results show that despite the large range in feedstock 2 (12)
costs, the total feedstock related cost is comparable for very 5
differentfeedstock mixes. -30
« The costs of labour and maintenance are the only OPEX costs 40
not considered here, however, the data indicates that these o0
costs may be higherfor MSW/Food waste plants than the -60

plants using other feedstocks.

© Biomethane Industrial Partnership 2023 30
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Biomethane cost results

Yields were not considered in this work; policy
incentivising manure use as a feedstock is working

« Manure has arelatively low energy yield compared to other feedstocks. This was not asked in this questionnaire
butis animportant consideration to make.

- Policy measuresin RED Il have given manure a 45 gCO,../MJ emission accounting bonus. This has incentivised
its use as a feedstock despiteits low yield. This questionnaire shows that the use of manureis high, and its cost
per MWh is comparable to other higher yield feedstocks e.g. high quality industrial wastes.

o Thisindicates a successful implementation of well targeted policy at EU level.
« However, not considering feedstock yields will have influenced the costs reported.

- E.g.Adigesterproducing 5 MW of biomethane a year from manure will be alot bigger in volumethana
digester producing 5 MW of biomethane from energy crops

+ Thisyield and other feedstock characteristics e.g. volume of volatile solids, is also an issue for y
the digestate management, where you can expect more digestate per MWh for certain
feedstocksthanothers. o 3

o

« While this questionnaire did consider the capitalinvestmentin digestate handling facilities, it
did not consider the costs of transport and storage of the digestate, highlighted as a large cost Feedstock costs
to some participants, of between €20-55/MWh biomethane, though more consideration on the
by-products of biomethaneistakenin Task Force 4.1.

© Biomethane Industrial Partnership 2023 31
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Biogas production costs
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Biomethane cost results 04.

Biogas production is the Biogas production
costliest investmentin costs

the biomethane supply

chain

- Biogas production facility is responsible for 75-90% 5000
of the total plant CAPEX
’%‘IOOO

Biogas facility CAPEX

« Economies of scale are notable here, with costs

reducing by a factor of 3 with anincrease in plant
size from size category 2to 4.

\SAPEX(€ /K
o
o
o

000

+ The largerangein CAPEXinvestmentsinthe size
category 2 is seen as a result of the higher investment
needed for feedstock facilities in plants using public

feedstocks. 0
Size Category 2 4
Biogas (m3/h) 500-1300 >2000
Biomethane (m3/h) 300-780 >1200
Biomethane (MW) 3-8 >14
No. of plants 12 6

© Biomethane Industrial Partnership 2023 33



Biomethane cost results 04.

BiogCIS pI‘Od UCtion With Biogas production
public feedstock costs
requires ~80% more

investment than other

Biogas facility CAPEX

plq nts .
4000
When separating the public feedstock production =
and non-public feedstock production the capital 33000
investments are shown to be 80% higher on average = -
for public feedstock plants. % 2000
+ Non-public feedstock plants have factor of 2 -
economy of scale withan increase in size from size 1000
category 2 to 4.
0
Size Category 2 (publiconl 2 (non-public) 4
Biogas (m3/h) 500-1300 500-1300 >2000
Biomethane (m3/h) 300- 780 300- 780 >1200
Biomethane (MW) 3-8 3-8 >14
No. of plants 4 23 4

© Biomethane Industrial Partnership 2023 34



Biomethane cost results 04.

Biogas production Biogas production
operational costs show costs
limited economies of

scale

» Biogas production operational costs show limited Biogas production operational costs
economies of scale 140

- Afactorof2costdecreaseis seenwithincreased size 120

from size category 2to 4, though in size category 2 100

many plants use public feedstocks. 80

(€/Mwh)

- This economy of scale is not very evidentfrom the 60
other sizes however, indicating that although 40
reducing on average, operational costsreduce less

than capital costs with scale 20 u ! K2

Size Category 1 2 K} 4
Biogas (m3/h) <500 500 - 1300 1300 — 2000 >2000
Biomethane (m3/h) <300 300 - 780 780 - 1200 >1200
Biomethane (MW) <3 3-8 8-14 >14
No. of plants 18 27 7 4

© Biomethane Industrial Partnership 2023 35



Biomethane cost results 04.

Public feedstock use Biogas production
leads to operational costs

costs significantly higher

than other feedstocks

 When splitting up the operational costsit is clear the o Bl DG TR DIC G SIS
plants with higher operational costs at size category
2 are those using public feedstocks. 120

- The average operational costs of the public 10

feedstock plants at this size are a factor of 3 higher
than productionusing other feedstocks.

80

(€/Mwh)

60
« The operational costs for production with other 20

feedstocks does not vary largely, with the average
remaining around €20/MWh for all size categories. 2 u 0

size Category 1 2 (public only) 2 (non-public) 3 4

Biogas (m3/h) <500 500 - 1300 500 - 1300 1300 - 2000 >2000
Biomethane (m3/h) <300 300 - 780 300 - 780 780 - 1200 >1200
Biomethane (MW) <3 3-8 3-8 8-14 >14
No. of plants 18 8 22 7 4
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Biomethane cost results 04.

Digesters are the largest investment for biogas | g, .. production
production; feedstock choice influential costs

- Thedigestersand civilworks are the largest cost of biogas production at size category 2 while the waste water
and digestate treatmentfacility is also significantin the larger facilties.

« Largerange of pre-treatment and waste water and digestate treatment capital costsin smaller plants comes
from using feedstocks with high pre-treatment requirements at this size (e.g. public feedstock mixes)

« Mostcost components show a 2-3fold cost decrease as the size increases between the two size categories

Total biogas Total biogas

Range of capital costs for biogas production size category 2 production Range of capital costs for biogas production size category 4 iy
capital costs 30 capital costs
80 80
70 ’§ 25 70
60 2 5 60
50 < 50
# 40 g 40
o
30 5 10 30
4 =
* 1 20 g_ 20 +
o ° *
10 4 I 10
0 0 0
Civil works (10) ~ Pre treatment facility ~ Digesters (12)  Balance of plant (10) Waste water and Size category 2 Civilworks (5)  Pre treatment facility ~ Digesters (6) Balance of plant (6)  Waste water and Size category 4
(12) digestate treatment (6) digestate treatment
(12) (6)

The number of plants for each data range is found in the brackets. Caution should be taken with these results as some submissions do not consider civil works and balance of plant
separately. This could lead to inflated costs for some components and unfair comparisons.
The minimum, maximum, and average of the ranges can be found in Appendix C.
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Biomethane cost results
Operational costs show reduced

04.

Biogas production
costs

economies of scale compared to

capital costs

- Operational costs for biogas production show economies of scale between size category 2to 4, with a cost

decrease by a factor of 2 coming from increasing the size.

« The largerange of costs at the lower size category likely comes from production with public feedstock mixes with

high pre-treatmentrequirements.

« Labour and additivescosts are the largest cost components for larger plants;
labour costs, pre-treatment costs, and plant maintenance costs are the largest for smaller plants.
+ Internalenergy use is not accounted for here, so true operational energy costslikely higher.

Range of operational costs for biogas production size

Total biogas
production

Range of operational costs for biogas production size

Total biogas
production

operational costs
category 2 operational costs category 4 P
120 - 50 120
45
s
100 =40 100
® 35
80 2 30 80
1%
Q
60 8 25 60
T 20
c
40 ¢ S 15 40
&)
20 g ¢ 20
s ° 4 ¢ ¢
0 0 L * 0
Cost of Cost of additives Cost of labour  Cost related to Cost of Cost of external S GelEEER 2 Cost of Cost of additives Cost of labour  Cost related to Cost of Cost of external Size cotegory 4
pretreatment, (30) (directly related plant operation compliance(30) energy use (30) gory pretreatment, (4) (directly related plant operation compliance (4) energy use (4)
including to production) service and including to production) service and
hygienisation (30) maintenance hygienisation (4) (4) maintenance (4)
(30) (30)
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Biomethane cost results

Submitted data on upgrading technologies
reflects the current market status

« The dominant upgrading technology on the market today is membrane separation, found in approximately
40% of facilitiesin 2021

« The submissionsreceived reflect this market dominance with 70% of CAPEX and 60% of OPEX submissions
concerning membrane separation.

Submitted data on upgrading technology

e
Membrane Pressure Chemical Water Cryogenic
separation swing absorption scrubbing separation 0 5
absorption °®

# of CAPEX

submlsswns 4 16 0 0 4 Biogas upgrading

# of OPEX costs
submissions 5

!Guidehouse & EBA 2023
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Biomethane cost results

Biogas upgrading CAPEX
investments show strong
economies of scale

« The capital costs for upgrading show a strong
economies of scale effect.

+ Outliersremain for upgrading costs in the size
category with public feedstock mixes.

« The averagein size category 2 being near the bottom
of the range shows that the high end of the range s
indeed from an outlier/outliers.

© Biomethane Industrial Partnership 2023

05.

Biogas upgrading
costs

Biogas upgrading capital costs

2500

2000

o
o
o

1000

- _I

CAPEX (€/kwW)

Size Category 1 2 3 4
Biogas (m3/h) <500 500 - 1300 1300 - 2000 >2000
Biomethane (m3/h) <300 300 - 780 780 - 1200 >1200
Biomethane (MW) <3 3-8 8-14 >14
No. of plants 17 36 7 7
4]



Biomethane cost results
Biogas upgrading
operational costs also
decrease for larger
facilities

« Operational costs for biogas upgrading show strong
economies of scale.

» Here there are notably no outliers from size category 2
with public feedstock mixes, as can be expected, as
the method of biogas production does not influence
the costs here.

© Biomethane Industrial Partnership 2023

05.

Biogas upgrading
costs

Biogas upgrading operational costs
16

14
12
—~ 10
=
S 8
=
L6
4
2
0
Size Category 1 2 3 4
Biogas (m3/h) <500 500 - 1300 1300 - 2000 >2000
Biomethane (m3/h) <300 300 - 780 780 - 1200 >1200
Biomethane (MW) <3 3-8 8-14 >14
No. of plants 17 36 7 7
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Biomethane cost results 05.

The upgrading technology is the Biogas upgrading
dominant investment cost for an costs
upgrading facility

The upgrading technology itselfis always the largestinvestment costs for an upgrading facility.
Upgrading technology shows a ~33% cost decrease withincreased facility size.
Other costs almost always stay below €2/ MWh,iomethane.

Gas handling costs not always required as it can depend on the mode of distribution, butwhen presenttheir
influence on the costis negligible.

Capital costs for biogas upgrading

. . . . lotal upgradin f : : : i
Range of capital costs for biogas upgrading size category 2 . P9 9 Range of capital costs for biogas upgrading size category 4 Total upgrading
capital costs . capital costs
& 30
14
25 25
2R
2
20 29 20
)
15 ‘§ 8 15
o
T 6
10 ol 10
8 a
* 5 2 5 *
' . 0 g I : ‘ :
Civil works (25) Upgrading technology (36) Balance of plant (29) Gas handling costs (9) Size category 2 Civil works (4) Upgrading technology (7) Balance of plant (6) Gas handling costs (4)

Size category 4
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Operational costs (€/Mwh)
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Biomethane cost results 05.

Energy costs are the largest operational Biogas upgrading
costs for upgrading, but internal energy costs
must be accounted for

« Energy costs are the largest operational cost factor for biogas upgrading, however, the shown energy costsare
alsolikely on thelower end as the questionnaire did not capture the use of internal energy.

« Other operational costs show a smalleconomiesof scale.

« The costof additivesappearsto be independent of plant size, as these are higher per unit output for larger
plants

Operational costs for biogas upgrading

Total upgrading Total upgrading

) ) o operational operational
Range of operational cost for biogas upgrading size category 4 - costs Range of operational cost for biogas upgrading size category 4 costs
16
14 12 14
<
12 = 10
B 12
10 @ 8 10
8 2
*
g 8
6 g 6
S 4
4 B 4
+ + 2 § 2 + + 2
0 0 0
Cost of additives (6) Cost of labour (d!rectly CO'St of plant o.perotlon Cost of external energy Size category 2 Cost of additives (6) Cost of labour (directly ~ Cost of plant operation  Cost of external energy Size category 4
related to production) (5) service ond(n;cuntenance use (6) related to production) (5) service and maintenance use (8)
6

(6)
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Biomethane cost results
Influence of the methane percentage in
biomethane product on the cost of upgrading

- The capital and operational costs of upgrading can be seen to generally decrease with adecreased
percentage of methanein the final biomethane output.

« The percentage of methane in biomethane can also influence downstream operations as biomethane for LNG
production has to be ~99% methane to avoid CO,in the bio-LNG.

« Limited datarestricts analysis for one set size, so some scale effects may be present in the data.

Influence of percentage of methane in biomethane Influence of percentage of methane in biomethane
product on the capital costs of upgrading product on the operational costs of upgrading
16 18
° < 16 ;
= 14 = )
=) 214 °
= L 1
()] 10 [ J —
2 g o}
3 - © g 8 °
SN ® ° S - °
— C o °
E, - ° s ¢ Biogas upgrading
Q T 4
o - 4
g, 5 . costs
®)
0 0 \
>97% CH4 (7) 90-97% CH4 (22) <90% CH4 (4) >97% CH4 (10) 90-97% CH4 (22) <90% CH4 (5)
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Biomethane cost results
Increasing plant utilisation and decreasin
internal energy use can increase output

- Ensuring a higher capacity factor for biomethane plants is an important part of operations, toincreaserun
time and output and thus decrease the costs of production.

- Participants reported that smallerfacilities typically have lower capacity factors than larger plants as here
there are usually less spare parts, and there is less storage volume availablein the plant, while larger plants are
more likely to build in a redundancy.

» Not all biogas productionis directed to upgrading, with some energy used internally to fuel the process with heat
or power.Reducinginternal energy use could also be a way for biomethane plant operators to increase their
output, as the use of internal biogas cuts delivered volumes.

+ Increasing plant utilisation can be an important factor to increase biomethane production from existing assets,

05.

_
Biogas upgrading

Capacity factor range from

but to also decrease the costs per unit biomethane produced.

CIty 54-98% 83-98% 97% 82.5-96% costs
submissions
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Biomethane cost results

Data limitations restrict
analysis but some
capital costs show
economies of scale

« Datalimitationsreduce the opportunity for analysis
here.

« Economies of scale are strong for capital
investments preparing the biomethane for
distribution.

o Bio-LNG facilities see an almost 2 fold cost decrease
with anincreasein size from size category 2 to 4.

» Operational costs data limited and thus not shown

© Biomethane Industrial Partnership 2023

CAPEX (€/kwW)

1800
1600
1400
1200
1000
800
600
400
200

Size Category
Biogas (m3/h)

Biomethane (m3/h)

Biomethane (MW)

No. of plants

06.

Downstream
biomethane costs

Bio LNG facility CAPEX

1
<500

<300
<3
18

2 4
500 - 1300 >2000
300 - 780 >1200
3-8 >14
27 4
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Biomethane cost results

The costs of by-products are significant to production
costs; Task Force 4.1's work will compliment this study

Digestate Biogenic CO,

+ As mentioned, digestate can be a notable cost to the supply + Biogenic CO,is another important by-product, facilitating the
chain if not valorised for use as an organic fertiliser, with Task replacement of fossil CO, wthe production of negative
Force 4.1 doing work on this. emissions with CCS, or the production of renewabl fuels of

non-biogenic origin. Valorisation of this also falls under the

+  With typically 90-95% of the feedstocks mass input to the scope of Task Force 41,

digester comingout in the form of digestate it is important to
understand this part of the supply chain and the costs that + In this questionnaire the costs of valorising the CO, stream
come with it. was investigated and it was found to range between €6-

9/MWhy,; , equating to a cost of ~€45-68/t CO,.!
- Digestate can be in solid and liquid form, and when treated as / blomethane« € 9 ltco,

a waste product the costs of its transport and storage are
reported by participants to range between €20-55/MWh.

07.

Other
relevant costs

The valorisation of these by-products is acknowledged to be a part of creating the most value from biomethane
production and can even lead to a production cost decrease as current operational costs can be divided across more
than one product.

' Considering a gas with 55% CH4 and 40% CO2 (v/v), and a LHV for methane of 36 MJ/m3, and a capture rate of 90%
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Conclusions

Total feedstock related costs comparable across
different feedstock mixes; clear economies of scale

Total feedstock related costs Economies of scale
« Feedstock costs range between€-94 and « All parts of the biomethane production supply chain
€43/MWh, changing based on feedstock mix types. show varying degrees of economies of scale, for

both the capital and operational costs.

+ Manure & industrial waste mixes tend to have the . L.
+ Biogas production investment costs showthe

high costs ) - )
strongestbenefit from economies of scale, witha
+ While public feedstock mixes, e.g. WWTP sewage 2-3 fold cost decrease withan increase in size of
sludge and MSW, typically come with a received gate biomethane facility from ~5.5 MW to >14MW.

fee, reflecting the avoided cost of their disposal via
other methods, and the added costs to the operator
for its use as a feedstock.

Feedstock costs must therefore be viewed hand in hand
with pre-treatment costs. When considering the total
feedstock related costs, the cost of these feedstock
mixes are relatively comparable.
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Conclusions

Biomethane production costs range from €54-91/MWh
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and show strong economies of scale

- Atotal average cost of €54-91/MWh is found for production
from facilities of at least 3 MW biomethanein this process.

+ The costs can be expected to be even higher for most
producers with a capacity under 3 MW.

« Economies of scale are obvious in the biomethane supply
chain.

« Capital costs benefitthe most from economies of scale with
a more than 2 fold reduction between size category 2 and 4.

« To simplify the total production costs and include the costs
to prepare for distribution a grid connection and injection
cost of~€5/MWhgiomethane COUId be added, while
~€12/MWhpiomethane COUld be added for bio-LNG.

« Itis important to note that costs associated with digestate
management were mentioned by participants to be
significantand not fully capturedin this analysis. Some
data from submissions indicates €20-55/MWhyiomethane fOr
the transport and storage of this digestate.

© Biomethane Industrial Partnership 2023

Total cost of biomethane production and upgrading

Capital costs m Operational costs W Feedstock cost Total costs
120
100 84 o
80
= 54
=< 60
2
@ 40
o
8 20
O
T
-20

-40

Size Category 2 2 4
Biogas (m3/h) 500 - 1300 500 - 1300 >2000
Biomethane (m3/h) 300 - 780 300 - 780 >1200
Biomethane (MW) 3-8 3-8 >14
Submission types All feedstocks Excluding public All feedstocks

feedstocks*

INavigant 2019 — grid distribution cost of biomethane ~€5/MWh
DNV 2021 - liquefaction of biomethane cost ~€9-15/MWh
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Conclusions

Biomethane costs on average higher than natural gas, but
good market opportunities and positive externalities exist

Contextualisation of costs

«  Whatalternative biomethane is compared to is important. If natural gas from the grid and the EUETS CO, price are considered, the comparator
would be approximately €64/MWh.! The €54-91/MWh cost of biomethane production found in this survey shows currently biomethane would
onaverage comeat a higher price to the consumerthan this natural gas, except for production from the largest plants where the costs could
be comparable. It is worth noting that for biomethane, a margin for the producer is needed, and for both biomethane and natural gas,
distribution costs and a margin would be included in the end user price.

« However, this costcomparison considers the valuation of the emissions reduction from the EU ETS, with the value of emission reductionsin
some hard-to-abate end uses bringing about a higher carbon cost.

o Examples of markets today where the value of emission reductionsis above the EU ETS for hard-to-abate end uses are the road transport
market in Germany, or fuels for green gas blending for the built environmentin the Netherlands.

o These markets are strongly linked to national policy and the national market conditions however, and as such EU wide implementation
of a higher valuation of carbon emission reductions can improve the competitiveness of biomethane products.

«  Whenthe price of carbon emissions is high enough, the alternative to biomethane shifts from natural gas to other green alternatives such as
green hydrogen, electric solutions, among others. A separate analysis is required to investigate competitiveness here.

« It mustbe noted that this cost comparison does not consider the full benefit of biomethane, as itis not just an energy carrier, but an enabler
of many important sustainable processes, e.g. sustainable and circular agriculture, and can be considered an important part of investmentinto
local rural economies.

‘When/compared with a natural gas price of €44/MwWh (ICE “CAL 24" TTF future price) and an EU ETS price of €100/tCO, and an emission factor of natural gas of 56gC0O,/MJ, leading
to €20/MWhye.
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Way forward

Outcomes can help with benchmarking for
both industry players and policy makers

« Thiswork can be usedto provide a basic understanding of the cost structure of
biomethane production to policy makers.
o These results show that a “one size fits all solution” result for the cost of biomethane

production is not possible as the costs depend on factors that may differ per region, or
depend on policy choices.

« Policy makers can also use these outcomes on the costs of biomethane and its
drivers to help with shaping future support schemes. Thiscan come from creating
some cost benchmarks and evaluating which parts of the supply chain can most
effectively benefit from support or incentives.

o E.g.support on CAPEX investments for smaller producers to counter economies of scale of
bigger plants

« The results can also highlight key areas where costs will be expected tochange,
eitherincreasing or decreasing, and the impacts of that on the total biomethane
production cost must be assessed.

« The outcomes of this work can help industry players benchmarktheir production
costs against those of others. This can potentially help with incentivising
improvements withinindustry and the deployment of cost reduction measures.

© Biomethane Industrial Partnership 2023
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Way forward
This process can be improved to increase its
value to industry and the BIP

The data gathering process was first-of-a-kind, and the active participation by many companies has provided
valuable lessons on how it can be further improved:

- Remove identified weaknesses/unclaritiesin the questionnaire itself and increase the data coverage on thinly
covered sections of the supply chain e.g. operational cost of digestate processingand removal, cost of
production with different feedstocks, etc.

+ This could be done with a new round of a similar questionnaire with more participants.

« Whilethis work is a crucial first step, the outcomes of this report can already be used valuably to create insights
into how the industry sees these costs developinginthe near future. A similar process could be undertakento
investigate foreseen future cost developmentsinthe industry.
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