DAS - 1IB GmbH Techn. domicile:

DeponieAnlagenbauStachowitz
Biogas - & LFG - Technology
Biogas-, sludge gas and landfill gas technology:

Preetzer Str. 207
24147 Kiel,
Germany

Consulti 1 - oct N ¢ Comm. domicile:
onsulting, planning, project managemen Flintbeker Str. 55

Training of system operators 24113 Kiel

Expert i.a. in accordance with Article 29a of Germany
the Federal Immission Control Act; and
Qualified Person reg. the Ordinance on
Industrial Safety and Health and the
Technical Regulations (TRBS 1203)

Tel.: +49431 6838 14/53 4433 -6 or 8
Fax.: +49 43120041 37/5344337

LFG projects in Germany due to the National

Climate Initiative by the German Government

Wolfgang H. Stachowitz,

DAS - IB GmbH, LFG - & Biogas - Technology, Kiel

Summary:

In 2015, the German Government has started the 2™ trial regarding the reduction of CO;
emissions through an improved operation of LFG systems. The "50 % sponsorship" (the
aid / public money) is restricted to the investment in a better gas extraction system by
means of higher suction pressure and not in a better operation of CHP units.

DAS - IB GmbH and the reporter / presenter carried out gas potential analyses by means
of pumping trails and gave theoretical gas prognoses in several German landfill sites,
namely in Vechta, Chemnitz (two sites), Kiel, near Bautzen (two sites), Weimar, Fulda,
Bochum, etc. These days, five of these projects will enter the second step of the campaign
by the "50 % sponsorship" which is called the invest procedure. This means that new
technical equipment will be installed from the gas wells via pipe works, aeration blowers,
gas boosters to low calorific flares instead of the standard 50 vol % of methane flares.
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Summary &\9“

Within the scope of the German National Cllma%e Initiative, DAS - IB GmbH was instructed
to carry out the "potential analysis" at dlffer:ént sites or to practically implement engineering
services for, amongst others, the mx@htory—taklng including evaluations, tests (potential
analysis) and the realization of \ih\{\/vestment measures. The PtJ (Project Management
Julich) climate initiative aims to‘reduce climate-relevant CO, emissions through a fast and
sustained conversion of abandoned municipal solid waste landfills into a stable condition.

The available so—callegpoor—gas treatment measures are briefly presented in the lecture.

General Eémarks
The methane emissions that are escaping from landfills (landfill gas) show high climate
redevance. According to the IPCC, methane is — in a 100 year comparison — 28 times more

harmful (more detrimental) than carbon dioxide (CO.).
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ptj — Projekte auf stillgelegten Siediungsabfalldeponien DAS - IB CmbH
Hationale Klmaschulz nitiative (HKI) LFC- & Bingas - Technol

vy da idbods

IPCC - 100 Jahre CH, / CO. = 28 / 1 [stand 2015)

100 m# / h Deponiegas mit 40 Yol % CH,=
100m:/h*04*0,f kg/ m3*28=

28kg/h*28=7T84kgCO,eqlh=
5.162 CO, eq tpa

Das organische CO, aus HMD ist Hull, da es biogene
Organik ist

#1225, 3

&%

Bild: PtJ projects on abandoned municipal solid waste disposal sites / German National Climate
Initiative

IPCC — 100 years CH,/CO, = 28/1 (last update 2015)
100 m%h landfill gas with 40 vol.-% CH, =

100 m*h * 0,4 * 0.7 kg / m> *28 =

28 kg/h * 28 = 784 kg CO, eqg/h =

6,162 CO, eq t pa

The organic CO, from [l is zero. as it is biogenic organic material
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What are PtJ projects (climatic protection at abandoned
municipal solid waste landfills)?

On the initiative of the Federal Ministry for the Environment, Nature Conservation, Building
and Nuclear Safety (BMU), more than 5,000 climate protection projects have been
implemented since 2008, and approximately 2,500 municipalities have been supported. /1/

On 3 December 2014, the Federal Cabinet opted for the Action Program 2020 for CM;te
Protection. The program comprises measures for an additional reductioné,,s"fi’?c CO;
equivalents (equ). This also addresses the waste management, where Iand@kb‘“geration is
listed as the only measure to reduce methane emissions. The foIIowingf'methods are
employed for the aeration of landfills: low-pressure aeration, hlgh p\ressure aeration,
pressure aeration without extraction, and landfill aeration through oveY extractlon 12/

The project management Julich (PtJ) advises the ministry and the mun|C|paI|t|es regarding
the aid program, from the filing of application, via the mode.vof payment to the final report
on the expenditure of funds. /1/ &

The PtJ projects that are presented hereinafter fot%l sustalned reduction of greenhouse
gas emissions through the so-called in- SILI:Y stablllzatlon primarily consist of two
consecutive phases, namely the "potential a@alysus (financial support of 50%, currently no
longer an indicated max. promotion), ang ’fhe 'investment measure" (a promotion of 50%,
gross max. 450,000 €).

av

The potential analysis aims to ana‘fl\\;ze the specific initial situation as well as the technically
and economically |mplemem*’ able greenhouse gas reduction potentials, investigate
suitable methods and ascertaln and evaluate the emission and optimisation potential. The
technical |mplementat@h of the suitable method on site takes place within the scope of the
investment measur@:‘?

0

Information reg’ardlng the requirements (for example, at least a reduction potential of 50%
CO; equngaient (CO2 equ) compared to the existing methods), the application and the
pOSSIbIhﬁeS for grants (currently max. €450,000 for investment measures) can be found in
the 'Wlerkblatt Erstellung von Klimaschutzteilkonzepten" or in the "Merkblatt investive
KﬁmaschutzmaBnahmen at https://www.ptj.de/klimaschutzinitiative-

kommunen/klimaschutzkonzepte. The application is submitted online.

Proceedings Sardinia 2017, Sixteenth International Waste Management and Landfill Symposium
S. Margherita di Pula, Cagliari, Italy; 2-6 October 2017
© 2017 by DAS - IB GmbH for CISA Publisher, Italy



LFG projects in Germany due to the National Climate Initiative by the German government page 5/14

Sardinia 2017, Sixteenth International Waste Management and Landfill Symposium

1 Landfill degasification within the scope of PtJ projects

In cooperation with the communal operators, the application regarding the potential
analysis for the first sites, namely the Petersberg-Steinau landfill (district of Fulda) and the
Tonnenmoor landfill (waste management company of the Vechta district — AWV) was filed
in April 2014 in close coordination with DAS-IB GmbH - and in May 2015 for the
Umpferstedt landfill of Stadtwirtschaft Weimar. The implementation of the potentlal
analysis has been effected since the turn of the year 2014/2015 for the first two proJects
and since April/May 2015 for the LH (state capital) Kiel-Drachensee project. . o

These are the current project statuses (February 2017 - extract): 00/\\@

.Q'
vy

&"\
e AWV, Tonnenmoor landfill — invitation to tender regarding the invgt?tment measure

0

e AWVC, Himmelsfurst and Wittgensdorf landfill — compléilon of the potential

-
&
A

analyses &

&
)

e Stadtwirtschaft Weimar — Umpferstedt landfill — apert’:atlon for investment measures
and Ordinance for the Implementation of th@ 'Federal Immission Control Act
approval 2

o

-~
N

e RAVON, Kunnersdorf and Nadelwitz fandfills — assignment of the investment

measure &

w

&
<

e USB, Kornharpen landfill — asséigﬁment of the investment measure

o
Y
&

. g . . .
e Kiel — Drachensee landfill, Petersberg — Steinau only potential analyses, since
. 2 . .
investment measures were not economically viable.

On the Wilsum landfill (G?afschaft Bentheim district), the effective implementation of the
potential analysis wa‘s realised from April 2014 onwards. At this site, the application
regarding the potehtlal analysis is filed directly by the waste management company of the
Grafschaft Bemhelm district, without the participation of DAS - IB GmbH. However, DAS —
IB GmbH won the respective communal bids, like in Kiel — Drachensee.

&

>\
\\

1 19* Application and implementations regarding the potential analysis
at the Petersberg - Steinau and Vechta — Tonnenmoor landfills

Petersberg - Steinau

The abandoned Petersberg - Steinau landfill site was operated until 1982. From 1989, the
gas was extracted via gas wells and a gas booster station. As a result of low delivery
rates, the energetic utilisation was stopped in 1999 and, subsequently, a poor-gas
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treatment plant (VocsiBox®) was operated until approx. 2007. In the period between 1999
and 2003, a qualified mineral surface sealing was applied.

lllustration 1, Aerial view of the Petersberg -\\nginau landfill from 2013 [Google. Inc.]

O
&

o
Vechta - Tonnenmoor ,\\.&

Already in the beginning of the 1970 s, the city of Vechta operated a predecessor landfill at
the present-day Tonnenmoor S|te in which, in addition to the waste from the urban area,
waste from the northern ad“strlct of Vechta was also deposited. On 1 January 1975, the
Vechta district took owér the responsibility. From this moment, the waste from Lohne and
Dinklage was also@deposned there. Since 1979, the entire waste volume of the Vechta
district has beeﬁ dep05|ted at this site after the Neuenwalde landfill near Damme had been
closed. Wlth"the completion of a new landfill area (Tonnenmoor Il), the operation was
stopped ah 1988 at the old Tonnenmoor | waste disposal site.

O

The Iandflll gas of the old waste disposal site was utilised energetically as derived fuels in
adjacent brickworks until the beginning of 2013. The Tonnenmoor | landfill is a former
domestic waste landfill with a surface sealing that complies with the Technical Guidelines
for the Disposal of Municipal Solid Waste (TASI).

Proceedings Sardinia 2017, Sixteenth International Waste Management and Landfill Symposium
S. Margherita di Pula, Cagliari, Italy; 2-6 October 2017
© 2017 by DAS — IB GmbH for CISA Publisher, Italy



LFG projects in Germany due to the National Climate Initiative by the German government page 7/14

Sardinia 2017, Sixteenth International Waste Management and Landfill Symposium

rm—
=»Beim TonnenmeOr====

S
=
s
[
3
-
[}
g
=

d

2
N

lllustration 2, Aerial view of the Tonnenmoor | landfill fg@f% 2013 [Google Inc.]

&

m"‘\‘ :
&

Due to a lack of information / documentationjré\)% the "old times" on the current state of
the landfill, further investigations of the @)\?ivsting gas collection systems are planned.
Subsequent to having received the two.p‘éhéitive aid-granting decisions in August 2014, we
conducted qualified extraction tests,@afo\individual gas wells or for the entire gas collection
system starting from November 2&14 in addition to the compilation of inventory records in

@
A

2015. &

As a first step, the so—ca!\te‘é inventory audit, the existing documents for the landfill sections
are collected and ey»a"INUated. In this respect, the following points were worked out in

particular: &

o Comguaé?\ion of the inventory documents and of the plant and site documentation
inth*)%Iing information regarding the landfill surface area, form, volume, disposal
fV‘qume and periods, and the waste consistency
Q&%C}\ Verification and evaluation of the already effectuated extraction tests
Logging of the (technical) state of the available process equipment with the gas
collection system and the drainages (condensate separation)
Preliminary assessment of the existing gas collection system, amongst others
(selection) via camera inspection or light plummet measurement for the verification
of the condition (filter condition, accumulation of leachate, mechanical impairment)

of gas well pipes and gas pipes
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¢ Comparison between the gas prognosis models with the actual state on site.

Subsequent to the completion of the inventory check, qualified and representative
extraction tests were carried out by means of a mobile flare/extraction system, first on
selected gas wells and afterwards on the entire gas collection system. The mobile small-
scale flare from DAS - IB GmbH that was employed for this purpose is equipped W|th a
gas compressor and a combustion chamber for up to three burners (approx. 10 kWth?m to
100 kWiherm.). This flare can be directly connected to the gas wells or the gas mam“FoId via
a flexible pipe and adapted measurement sections for, amongst others, the Ian\dﬁll raw-gas

,\\\

flow-through.

Symergisn natzen und voneinander lermen X - 2015
Tagungsbuach Ober v, daz-ib de
Internmationale Bio- und Deponiegas Fachtagung Berlin

AWG LK Vechta (Depoanie Tonnenmoor).

IRAS - TEE CanbE
LFG- & Blogas - Tedhnalagy
e, dag b i

aktive gasdichle

A
0\

IIIustrathns 3, Employment of the mobile DMF V small-scale flare with a mobile gas
analyss and flow measurement at the Vechta - Tonnenmoor [DAS - IB GmbH] site as a
substitute for the initial gas disposal in the brickworks, and a theoretical and practical air
injection (picture on the top right and below)

These extraction tests were completed by air introduction via the central gas well in the
middle of the landfill by means of our mobile gas booster "board"/station.
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The potential analysis is effectuated by means of the inventory check and the
representative and qualified extraction tests. In the latter, it is checked via the creation of a
gas prognosis or assessment of the gas formation potential according to the first order
decay method (IPCC Guidelines 1996) or similar as to how far the presentation of the
measuring result from the preliminary investigations and the actual state, the analysis and
indications regarding the optimisation of the gas collection system, as well as the
employment of poor gas systems a possible anaerobic and aerobic in-situ stabilisation can
be implemented. s

\AZ,

In June 2017 the call for bids of the invest action started. The results will be Qﬁesented in
the presentation at Sardinia conference. >

2
Oy

W
\?\V’

1.2 Implementation of the potential analysrs at the Kiel-Drachensee

V(,\

landfill &

e
The abandoned "Drachensee" waste disposal .§i,t%\is a former clay and gravel mining area,
whose pits, according to the documents tﬁé&{ were handed over to us, were filled with
household and bulky refuse, commerCIaT waste, construction waste, excavation material,
and vegetable waste from 1950 tQ~’1964/65 The eastern part of the abandoned waste
disposal site area is currently Qemmermally used (approximately 47%), while the area in
the west of it is used malnLy for allotments. It also serves as a local recreation area. In
1996, a landfill gas coILettlon system was installed, comprising a total of nine gas wells.
Subsequent to the t,érmlnatlon of the degasification facilities, the gas composition of the
respective weIIs Was analysed. The gas analyses showed that the methane concentration
of the |nd|V|dUaI gas wells strongly differed from each other. As a consequence, some
sectlons«ﬁ the abandoned waste disposal site were over extracted during the operation of
the*gglega3|f|cat|on system. This resulted in a differentiated adjustment of the extraction
qﬁgntities per gas well for the operation of the landfill degasification system, in order to
avoid the over extraction of the individual wells. Therefore, the Hamburg University of
Technology (TUHH), Department of Waste Management, was tasked in 1997 by the
environmental agency of the state's capital Kiel to make recommendations for the further
operation of the degasification plant and the optimisation of the gas collection system

within the scope of an investigation programme. The resulting degasification with
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machines (gas booster station with a VocsiBox®) was projected and implemented at that

time by HAASE Energietechnik GmbH, represented by the currently speaking person.

o \ 3\
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lllustration 5: Gas collection system of fhe abandoned "Kiel - Drachensee" waste
disposal site, @
Br = Gas well, P = monitoring level (sourse state's capital Kiel)

DAS - IB received the order onﬁ% basis of the invitation to tender from the environmental
agency of state's capital Ki%kﬁ;\January 2015 and completed it at the end of 2015. Further
measurements beyond N:gh"éoPtJ project were still carried out until February 2016 in order to
further verify or evaLueﬁcé the possible tendencies and develop further recommendations for

action.
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lllustration 6: TOP: Machine systems of the abandoned "Kiel — Drachensee" waste
disposal site (omfhe left) and the implementation of drilling operations in the industrial area
of the aband rfed waste disposal site (in the middle) and on the right: new aeration well

At the BOTTOM Overview of the measures at the abandoned waste disposal site with

aeratlons?vells gas wells and gas levels.
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2 Summary and status of the projects

Within the framework of the national climate protection initiative, a potentiality study
regarding the employment of suitable technologies for the reduction of greenhouse gas
emissions within the scope of a PTJ project was or still is implemented at d|fferent
abandoned municipal solid waste landfills. The aim is to achieve a sustained reduc’qem of
emissions of at least 50% compared to the conventional landfill gas collegtion and

treatment via in situ stabilisation, for example through overextraction and/or auﬂnjectlon
il

The first investment measures were allocated in the turn of the year 2@16/2017 and are

O
currently in the invitation to tender or assignment status. Q_}
DAS - IB GmbH supported the operators with regard to the apphcatlon and has carried out
qualified extraction tests for the assessment of the re&duahgas potential since 2015. Plant
and operator-specific methods are elaborated on the bGSIS of the measurements and the
findings from the inventory analysis, and then agam promoted with the support of PtJ, and
finally implemented in 2017 within the scope of%he investment measure.

\N
\‘

On the whole, the implementation of thesve measures is a win-win situation. The Federal
Republic of Germany receives the m“lssmg CO; reductions in advance and the landfill

operators receive financial recoggiﬁon for the advanced building measures.

N
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