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Regulation of methane loss - timeline
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voluntary; results
published Aug.
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DEA financed;
mandatory; results
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2015 - 2020: Methane loss identified as a problem (affecting some sites)

Aug. 2021: The problem larger than anticipated (average loss 2.5 pct.)
Jan. 1512023 - Nov. 2025: Shift from “confident/hopeful” to “concern”

Nov. 2025: The problem persists (average loss 2.8 pct.) — follow-up activities initiated

Today: Status on follow-up work — focus areas and activities
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The methane loss regulation
Aim

* Minimization of methane loss from biogas
production (no strict reduction target)

Content

« Annual leakage detection and repair (LDAR)
requirement (FLIR-cameras + sniffer) by external
consultant

« Report to DEA (leaks, repair initiatives + timing)
« Point source limit of 1 pct. for upgrading units
« Self-monitoring obligation

Evaluation

 Measurement campaign in 2025




Total methane loss — Agricultural plants w/ upgrading (2025):
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« Tracer-gas method (total emissions from site; uncertainty +/- 20 pct.)

« Significant variation; average loss = 3.8 pct., min. loss = 0.3 pct., max. loss = 13.5 pct. (excl.
plant w/ breakdown, 21.6 pct.)

« N=39. Representativity: Aggregate level — yes; individual plant — no (snapshot)
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Assessments of methane |oss - aggregate results

Results

. Average loss of 2.8 pct. Plant type EMF, 2025 (pct.) EMF, 2021 (pct.)
. g . +/- 0. 5 (+/-0.
. Significant variation across plant | 2.8 (+/-0.9) 2.5(+/-0.5)
types Wastewater 9.6 (+/- 1.6) 7.7 (+/-1.4)
Industrial 2.5(+/-0.4) 2,0 (+/-0.4)
. Agricultural (all 2.6 (+/- 0. 2.1 (+/- 0.4
Interpretation of results - effect of gricultural (all) 6(+/-0.5) (+/-0.4)
regulation: Farm plants 3.9 (+/-1.0)
« Comparison indicate no effect Centralized plants 1.9 (+/-0.3)
Agricultural plants, 3.8 (+/- 0.6
« But many leakages have been gricurturat piants, no ( )
. upgrading
repaired..... :
Agricultural plants, 2.5(+/-0.4)
« Comparability (representativity) upgrading

« Not full effect yet (large projects)
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Sources of loss
- limited knowledge

Point source loss:

 Average (all plants) = 0.35 pct.
(2025)

Point source loss measurements - upgrading « ~ 15 pct. of total loss

1.6

14 2 « Varies across technologies (info
12 on technology type for 64 units)
1
0,8
06 Share of plants
’ Technology Loss (pct.) (n= 64; pct.)
0,4 S _
0.2 Gﬁjp Amine 0.08 42
0 dmggnnxxnnnnlﬁmw Membrane 0.60 36
1 " 2 7 “ > g r Water scrubber 0.62 22
——Limit (pct.) @ Point source loss (pct.)
Average 0.38
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Follow-up activities

General consensus that
current level of loss is not
satisfactory

General consensus that follow-
up is required

DEA follow-up activities
divided into 3 separate
(although somewhat
interlinked) tracks

Energistyrelsen | 17-09-2026

Side 7



Follow-up activities - Regulation

Evaluation of existing requlation — tightenings under consideration

|. Tightened point-source limit for up-grading units (new units)

Il. Annual quantification requirement (e.g. differentiated according to plant size/type)
lll. On-site inspections (random or risk based sample)

IV. Adjustments to current LDAR and self-monitoring requirements

- Common challenge for all four initiatives: Difficult to assess effect

New regulation - CO,-tax?

- Makes sense from a theoretical perspectives

- But currently not from a practical point of view (difficulties in assessing plant specific
emissions)
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Shortage of knowledge on:

|.  Remaining sources

Il. Relative contribution from different sources
lll. Remaining reduction potential

IV. Variation across plants

- Makes it difficult to design targeted initiatives

No means to monitor and assess
emissions:

|.  No technologies for continuous monitoring

Il.  Current quantification methods only provide a snap-

shot

- Makes it difficult to obtain the relevant knowledge

low-up activities — Knowledge, data and technology

Activities:

Industry dialogue, incl. workshops:
|. Best-practice
Il.  Knowledge-sharing

lll. Business perspective

Consultancy projects:

|.  Remaining sources
. Relative contribution of sources

[Il. Variation

Research and development?

|.  Technologies for continuous monitoring

ll.  Technologies for addressing technology related

losses
e9



Follow-up activities — Re-evaluation of effect

Denmark’s Climate status and outlook (2025)

Expectation: loss reduced to 1 pct. by 2025
Reality: average loss of 2.8 pct. in 2025

Consequence in terms of total emissions (expected
vs. realized): 0.4 mio. ton CO.e (-> increased risk
that Denmark will not reach it's climate target for
2030)

The overriding question: What will the loss be in
20307 20357 20507

Expected methane loss (pct.) 1.0
Revised methane loss (pct.) 2.8
Biogas production (PJ) 34.3
Estimated excess emissions 0,4
(mio. ton CO.e)
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Development activities
- seasonal variation + test of two technologies for continous monitoring

Seasonal variation

6 TDM quantification at two
WWT plants (with/without gas
recovery from sludge storage
tank

Conclusion: Significant short-
term variation, no significant
seasonal variation

QLM (Quantum Lidar Methane)

Laser detector mounted on
pole scanning/panning site
(421 pans over 49 days - 73
pct. uptime)

QLM vs TDM (reference):
Significant variation for
individual measurements,
good consistency in terms of
averages

Conclusion: Potential for
monitoring and quantification
from single sources

TDLAS (Tunable Diode Laser
sensorer)

5 sensors + weather station
Robust sensors, high uptime

Fast detection of changes in
concentration

Significant uncertainty when
transforming concentrations
to emission rates

Conclusion: Applicable as
warning system, currently not
for quantification
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Thanks for listening

- and please do not hesitate to contact me if you have questions,
comments or experiences you would like to share ©

Louise Martinsen, Ismn@ens.dk
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