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6 Uncertainty

The main constituents of the combined uncertainty of the methane emission
measurements are related to:

- Determination of volume flow or sample flow
- Determination of methane concentration

- Sample conditions
o Weather
o0 Physical characteristics of the sample location
o0 Steadiness of the methane emission

DGC estimates an overall uncertainty of 15-25 % of measured values de-
pending on above mentioned conditions.
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7 Performed measurements

7.1 Approach and purpose of the comparative measuring
campaign

Prior to the measurement campaign the participating companies and labora-
tories discussed and agreed on a procedure to carry out the measurements.

1. Each and every participant performs a survey of the biogas plant in
order to detect methane leakages and emissions.
2. The found leakages are presented at a meeting, and a gross list of
leakages is produced.
3. Every participant performs quantification of all methane leakages on
the gross list.
4. If the method permits, each participant presents the following re-
sults:
a. Quantification of each leakage.
b. Sum of leaks found by the company itself.
c. Sum of all leakages.

7.2 Detected methane mission sources

12 sources of methane emission were detected by the participants. Figure 3
shows an overview based on a list prepared by AgroTech and DGC and sub-
sequently submitted to all the teams.

DGC and AgroTech performed a joint effort in detecting leakages and did
find all of the 12 leakages shown in Figure 3. For some of the leakages,
however, it was hard to determine whether the observation was actually me-
thane or flicker on the camera screen caused by hot and damp air.
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Leakage # 1 Leakage # 5 Leakage # 9
Upgrading unit — ventilation duct 1 Carbon filter house — gas booster F22 Hygienisation tank —
(facing north — away from the biogas plant) overloading valve

ey

Ventilation exit

7\ o' Swan neck exit plged
Medaant . in moisture collector
Holes at flange of electric motor s !

>

Leakage # 2 Leakage # 6 Leakage # 10
Upgrading unit — ventilation duct 2 Carbon filter house — gas booster F21 Homogenisation tank —
(facing east towards digester 4) swan neck

Swan neck exit

Ventilation exit

Leakage # 3 Leakage # 7 Leakage # 11
Upgrading unit — safety valve pipe leading Carbon filter house — gas filter Homogenisation tank —

above the container hole in the concrete roof

P he exit Gas filtér flange

Leakage # 4 Leakage # 8 Leakage # 12
Carbon filter house — Hygienisation tank — Hygienisation tank (one-hour holding tank)

ventilation duct leading from the container man hole at the top of the tank — swan neck at the top of the tank

Ventilation exit 9 % Swan neck exit

Figure 3 Overview of detected leakages (arrows indicate precise location of the leakages)
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7.3 Measurement periods

DGC performed measurements in the period 8 September to 10 September
2014. Table 3 shows the measuring periods in detail.

Table 3 Measurement periods

Date Time Leakage # | Activity or sample location

8 Sep. 14:00-18:00 - Scanning for leaks

9 Sep. 12:10-12:51 1 Upgrading unit — ventilation duct 2
11:30-12:02 2 Upgrading unit — ventilation duct 1
14:22-15:03 3 Upgrading unit — safety valve pipe at roof
18:50-19:15 4 Carbon filter house — ventilation exit
15:55-16:35 5 Carbon filter house — gas booster F22
16:45-17:15 6 Carbon filter house — gas booster F21
17:38-18:08 7 Carbon filter house — gas filter

10 Sep. | 15:25-16:20 8 Hygienisation tank — man hole at tank top
17:15-18:15 9 Hygienisation tank — overloading valve
10:30-11:10 10 Homogenisation tank — swan neck
11:25-12:05 11 Homogenisation tank — hole in the concrete roof
Approx. 14:00 12 One-hour holding tank — swan neck at tank top

7.4 Operating conditions

Production data from Link6ping biogas plant was provided by process engi-
neer Soren Nilsson Paledal, Tekniska Verken FoU Biogas.

The production data is attached in Appendix 2 and 3.
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8 Result of the methane emission quantification
measurements

8.1 Overview

An overview of the results is shown in Table 4.

The individual measurements are described in Chapter 8.2 — 8.10.

Table 4 Measurement results — overview

Leakage | Sample location Sample Methane in | Background | Methane | Methane
ID gas flow |sample gas | conc. emission ? | emission ?
# Nm’/h dry ppm, dry ppm, dry Nm’/h dry kg/h
1 |Uperadingunit- _ 6,740 ¥ 35 2.0 0.220 0.159
ventilation duct 1

,  |Uperadingunit— 4,944 82 2.0 0.396 0.285
ventilation duct 2

3 | Yperading unit— 745 17,067 20 12.721 9.159
safety valve pipe at roof

4  |Carbonfilter house - 604 315 9.0 0.185 0.133
ventilation exit

5 | Carbonfilter house - 457 346 9.0 0.154 0.111
gas booster F22

g | carponfilter house = 456 181 9.0 0.078 0.0564
gas booster F21

7 | Carbonfilter house - 452 37 9.0 0.013 0.0090
gas filter

g | Hveienisation tank - 522 19 25 0.0086 | 0.0062
manhole at tank top

g | Hyeienisation tank— 376 336 2.5 0.126 0.0904
overloading valve

10 | Homogenisation tank - 458 11 25 0.0038 0.0027
swan neck

11 | Homogenisation tank - 449 12 2.5 0.0045 0.0032
hole in the concrete roof
One-hour holding tank — Not Not Not de-

12 - -
swan neck at tank top detected detected tected

Sum of leakage 1, 2, 3, 4, 8,9, 10, 11 and 12 13.7 9.8

)
2)
3)
4)

Grid measurement across the ventilation exit openings
Corrected for background concentration

Left compressor house
Right compressor house
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8.2 Upgrading unit — ventilation duct 1
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Flow measurement:
- 4 x4grid, i.e. 16 points, vane anemometer

Concentration:
- Uniform distribution over grid section, one point measurement

Methane emission:  0.159 kg/h

8.3 Upgrading unit — ventilation duct 2
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Flow measurement:
- 4 x4grid, i.e. 16 points, vane anemometer

Concentration:
- Uniform distribution over grid section, one point measurement

Methane emission:  0.285 kg/h
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8.4 Upgrading unit — safety valve pipe leading above the con-
tainer

35000
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Methane emission from the vent pipe was evacuated together with dilu-
tion/excess air by placing the ventilation suction hose directly over the vent
pipe exit. This was later changed to a suction hood supported by plastic
wrapping allowing for more dilution air and less vacuum at the vent pipe
exit. However, the subsequent calculation of the methane mass flow showed
equivalent results of the two sample techniques.

Methane emission:  9.159 kg/h

8.5 Carbon filter house — Ventilation exit

400

350

300
250

200

150

CH4 ppm, vol.

100

50

18:50 19;00 19;10
A suction hood was placed over the vent exit. Dilution air was secured by

the ventilation intake grid of the building placed in the opposite wall. The
methane concentration was steady after approx. 15 minutes.

Methane emission:  0.133 kg/h
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8.6 Carbon filter house — gas booster F22

500
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A plastic tub/container supported by additional plastic wrapping was used to
encapsulate the gas booster. A large opening for sufficient dilution air was
at the bottom of the line-up.

Methane emission:  0.111 kg/h

8.7 Carbon filter house — gas booster F21
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A plastic tub/container supported by additional plastic wrapping was used to
encapsulate the gas booster. A large opening for sufficient dilution air was
at the bottom of the line-up.

Methane emission:  0.0564 kg/h
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8.8 Carbon filter house — gas filter
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The gas filter was encapsulated in the same way as for the gas boosters (no
picture of the actual encapsulation line-up).

Methane emission:  0.0090 kg/h

8.9 Hygienisation tank — manhole at the top of the tank

40
35
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: w\uww*ﬂ‘;
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0 T T T T T |
15:20 15:30 15:40 15:50 16:00 16:10 16:20

The manhole flange was covered by a suction hood and additional plastic
wrapping (no picture of encapsulation).

Methane emission:  0.0062 kg/h
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8.10 Hygienisation tank — overloading valve
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CH4 ppm, vol.

The top of the moisture collection overflow container was covered by a suc-
tion hood and plastic wrapping. To ensure sufficient dilution air a hole was
cut in the suction hood.

The emitted gas was very damp and did subjectively vary a lot in flow. Oc-
casionally, small amounts of gas escaped the sampling hood, but this is not
considered to have significant impact on the outcome of the measurement.

DGC observed that other components than methane must have been present
in the gas. Looking at the trend curve, a steady emission of approx. 200 ppm
was observed in the period 18:05-18:20. The peak of approx. 400 ppm
18:20-18:25 is reflecting the FID analyzer with by-passed non-methane cut-
ter.

Methane emission:  0.0904 kg/h
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8.11 Homogenisation tank — swan neck
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In order to minimize the potential influence of sucking biogas from the
tank/swan neck a large encapsulation was built to cover the entire swan
neck. The sample flow was adjusted to an average flow of approx. 0.5 m/s
across the neck at the concrete roof (measured perpendicular to the flow
direction by a vane anemometer).

Methane emission:  0.0027 kg/h

8.12 Homogenisation tank — Hole in the concrete roof
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In order to minimize the potential influence of sucking biogas from the tank
a large encapsulation was built to cover the hole. The sample flow was ad-
justed to an average flow of approx. 0.5 m/s across the hole in the concrete
roof (measured perpendicular to the flow direction by a vane anemometer).

Methane emission:  0.0032 kg/h
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8.13 Hygienisation tank (one-hour holding tank) — swan neck
at the top of the tank

No emission detected.
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9 Appendices

Appendix 1 — Linkoping Biogas Plant layout
Appendix 2 — Data from Linkoping biogas plant 8-9 September
Appendix 3 — Data from Linkdping biogas plant 10-11 September

Appendix 4 — Registration of ambient air conditions
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Appendix 1 - Link6ping Biogas Plant layout
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Appendix 2 — Data from Link6ping biogas plant 8-9
September

Copy of e-mail from process engineer Soren Nilsson Paledal, Tekniska
Verken FoU Biogas.

The diameter of the manure well is approx. 37 m.

Production at the chemical scrubber between 9-17 Tuesday 9 september
Raw biogas 1922 Nm3/h according to flowmeters

Methane content Raw biogas 62 vol%

Upgraded biogas 1180 Nm3/h

Methane content Upgraded biogas 96,4 vol%

Produktion 8 september 1200 — 9 september 1200
Raw biogas 1615 Nm3/h according to flowmeters
Methane content Raw biogas 62 vol%

Production for 2013 for the chemical scrubber (except waterscrubbers)

Raw biogas 1850 Nm3/h according to flowmeters (16 206 000 Nm3 for whole year)
Methane content Raw biogas 64 vol%

Upgraded biogas 1215 Nm3/h (10 643 400 Nm3 for whole year)

Methane content Upgraded biogas 96,6 vol%

The water scrubbers were only used from Wednesday 10/9 09:45 to Thursday 11/9
09:00 during the week. During this time the chemical scrubber was used for less than 50
% (one compressor and dryer not in use) and there were no leakages from the security
valve pipe.
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Appendix 3 — Data from Link6ping biogas plant 10-11
September

Copy of e-mail from process engineer Soren Nilsson Paledal, Tekniska
Verken FoU Biogas.

Production at the chemical scrubber between 9-17 Wednesday 10 september
Raw biogas 1830 Nm3/h according to flowmeters

Methane content Raw biogas 62 vol%

Upgraded biogas 1160 Nm3/h

Methane content Upgraded biogas 97,1 vol%

Production at the chemical scrubber between 9-17 Thursday 11 september
Raw biogas 1990 Nm3/h according to flowmeters

Methane content Raw biogas 60 vol%

Upgraded biogas 1230 Nm3/h

Methane content Upgraded biogas 96,6 vol%
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Appendix 4 — Registration of ambient air conditions

Date Time Air humidity Atmospheric Air
pressure temperature

yyyy-mm-dd hh:mm RH % hPa °C

2014-09-09 11:30 76.0 1001.8 18.8
2014-09-09 12:25 65.1 1001.9 17.5
2014-09-09 12:50 62.2 1002.0 17.0
2014-09-09 13:21 74.7 1001.9 16.8
2014-09-09 15:00 97.4 1002.9 13.3
2014-09-09 17:09 94.6 1001.7 15.8
2014-09-09 17:44 85.2 1001.9 16.4
2014-09-09 18:01 81.1 1001.9 16.3
2014-09-09 19:21 93.3 1002.4 13.1
2014-09-10 10:42 79.5 1008.8 16.3
2014-09-10 10:59 82.0 1009.0 15.6
2014-09-10 11:39 76.1 1009.4 17.3
2014-09-10 11:53 70.3 1009.5 18.5
2014-09-10 12:07 73.4 1009.6 17.6
2014-09-10 15:28 73.3 1011.4 18.6
2014-09-10 15:48 76.1 1011.4 17.8
2014-09-10 16:00 77.6 1011.7 17.2
2014-09-10 16:12 77.7 1011.8 17.4
2014-09-10 17:08 69.6 1012.0 17.6
2014-09-10 17:30 71.4 1012.2 17.4
2014-09-10 17:39 71.1 1012.2 17.6
2014-09-10 17:58 68.0 1012.4 17.7
2014-09-10 18:12 69.5 1012.6 17.4
2014-09-10 18:28 69.3 1012.8 16.8






