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WOOD-BURNING POWER PLANTS
Source: Energie-Experten [https://www.energie-experten.org/erneuerbare-
energien/biomasse/biomassekraftwerk/holzkraftwerk], Geodatenzentrum
BKG [https://sg.geodatenzentrum.de/web_public/gdz/themenkarten/wss-
2014-01-waldgebiete.pdf]
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Agricultural yield potential
Intensive animal farming

Biogas facilities (> 15)
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L Biogas facilities (4 - 6)

0 100 200 500 km 5 = Biogas far:iﬁlie? (<4)

(AGRICULTURAL) BIOGAS FACILITIES
Source: BGR

[https://www.bgr.bund.de/DE/Gemeinsames/Oeffentlichkeitsarbeit/Pressem

itteilungen/Bilder/2013/2013-11-08-bodenguete-karte.html], Agraratlas

[https://www.boell.de/sites/default/files/2022-

01/Boell_agraratlas2019 _Ill_V01_kommentierbar_0.pdf], DBFZ Report

[https://www.dbfz.de/fileadmin/user_upload/Referenzen/DBFZ_Reports/DB
FZ_Report_30.pdf]
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Both wood-burning power plants and biogas facilities can be found
across Germany. Nonetheless, some patterns in their distribution
become apparent in relation to other related factors: The proximity of
forested areas seems an intuitive precondition for a wood-burning
plant. This assumption is however not supported by the map.
Especially the large-scale wood-burning plants can be found in
sparsely forested regions, such as the agricultural hotspot of Lower
Saxony. Rather, some correlation between the placement of wood-
burning power plants and areas of higher population can be seen.
This is likely connected to the inefficiency of attempting to transport
heat. Since agricultural (by-)products are the most important
substrates for biogas production, there is a concentration of biogas
facilities in agriculturally dominated regions. Additionally, since most
biogas plants operate to generate electricity, the location close to
urban centres is less relevant. Kreis Diiren, in the southwest of North
Rhine-Westphalia, offers both a fertile ground for agriculture and
therefore also potentially for energy production from biomass.

SOLID BIOMASS: WOOD PELLETS
Source: Frankfurter Allgemeine Zeitung.
[https://www.faz.net/aktuell/technik-
motor/technik/holzpellets-zum-verfeuern-um-die-halbe-
welt-1641607.html]
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SUBSTRATE FOR BIOGAS: DUNG/MANURE
Source: Freepik
[https://www.freepik.com/premium-photo/dung-
manure-planting_3982689.htm].

SUBSTRATE FOR BIOGAS: SILAGE CORN
Source: Cornext [https://www.cornext.in/corn-
silage/].

SUBSTRATE FOR BIOGAS: BIOWASTE SUBSTRATE FOR BIOGAS: SEWAGE SLUDGE
Source: Naturschutzbund Deutschland e.V. Source: Schweizer Bauer
[https://www.nabu.de/umwelt-und- [https://www.schweizerbauer.ch/pflanzen/mikropla
ressourcen/abfall-und- stik-im-klaerschlamm-belastet-boeden/].

recycling/bioabfall/27186.html].
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SUBSTRATE FOR BIOGAS: BEER DRAFF
Source: Schweizer Brauereiverband
[https://bier.swiss/rund-ums-bier/futtermittel/].

Resources Substrate inputs Waod power plant output Usage

Ashes & emissions

|
{

Wood pellets/chips /

Heating/cooling

Loss

Electricity

Fuel

Dry fertilizer

~~———— Fluid fertilizer

SOLID BIOMASS (WOOD) AND BIOGAS METABOLISM GERMANY
Source: German Environment Agency (UBA)
[https://www.umweltbundesamt.de/themen/klima-energie/erneuerbare-
energien/erneuerbare-energien-in-zahlen#ueberblick], Fachagentur Nachwachsende
Rohstoffe [https://mediathek.fnr.de/grafiken/daten-und-fakten/bioenergie/biogas.htmi]
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Solid biomass and biogas are the two most important energy supplies
of the biomass sector in Germany. Solid biomass which is burned and
mainly used for heating, due to its high efficiency in small heating
units and massive heating plants, which produce enough heat for
entire cities. Nonetheless, many wood-burning plants still generate

a little electricity. Biogas is organic matter which is fermented to
extract the gaseous potential that lies inside of it. The biogas is then
burned in a cogeneration unit. It exhibits a larger potential in
electricity generation, making up the main part of electricity
production from biomass. Adding to that, the residues of the
fermenting process can be refined to a dry and fluid part to create
two types of fertiliser for agricultural use.
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WOOD-BURNING POWER PLANTS
Source: Energie-Experten [https://www.energie-experten.org/erneuerbare-
energien/biomasse/biomassekraftwerk/holzkraftwerk], Geodatenzentrum

BKG [https://sg.geodatenzentrum.de/web_public/gdz/themenkarten/wss-
2014-01-waldgebiete.pdf]
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Agricultural yield potential
Intensive animal farming

Biogas facilities (> 15)

Biogas facilities (7 = 15)

L Biogas facilities (4 - 6)
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(AGRICULTURAL) BIOGAS FACILITIES
Source: BGR

[https://www.bgr.bund.de/DE/Gemeinsames/Oeffentlichkeitsarbeit/Pressem

itteilungen/Bilder/2013/2013-11-08-bodenguete-karte.html], Agraratlas

[https://www.boell.de/sites/default/files/2022-

01/Boell_agraratlas2019 _Ill_V01_kommentierbar_0.pdf], DBFZ Report

[https://www.dbfz.de/fileadmin/user_upload/Referenzen/DBFZ_Reports/DB
FZ_Report_30.pdf]
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Both wood-burning power plants and biogas facilities can be found
across Germany. Nonetheless, some patterns in their distribution
become apparent in relation to other related factors: The proximity of
forested areas seems an intuitive precondition for a wood-burning
plant. This assumption is however not supported by the map.
Especially the large-scale wood-burning plants can be found in
sparsely forested regions, such as the agricultural hotspot of Lower
Saxony. Rather, some correlation between the placement of wood-
burning power plants and areas of higher population can be seen.
This is likely connected to the inefficiency of attempting to transport
heat. Since agricultural (by-)products are the most important
substrates for biogas production, there is a concentration of biogas
facilities in agriculturally dominated regions. Additionally, since most
biogas plants operate to generate electricity, the location close to
urban centres is less relevant. Kreis Diren, in the southwest of North
Rhine-Westphalia, offers both a fertile ground for agriculture and
therefore also potentially for energy production from biomass.

Biogas Explained Through the
Paeffgen Biogas Plant in Norvenich

14 /28

Silage Storage

Silage and Manure Pit

Mixer

Fermenter

Fermener for Post-Fermentatior
Residue/Fertilizer Storage

11 Gas Tank

12 Co-Generationunit

13 Local Heating Network
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PAEFFGEN BIOGAS PLANT NORVENICH
Source: EnviTec [https://www.envitec-biogas.com/biogas]

14.10.2026 22:18:00 www.topalovic.arch.ethz.ch


https://www.envitec-biogas.com/biogas
https://www.envitec-biogas.com/biogas

Architecture of Territory/Atlas/Fall 2022/Power to the People

The Paeffgen Biogas Plant in Ndrvenich processes silage and manure
into biogas and fertiliser. The silage arrives at the storage and is
transported to the silage pit as soon as it is needed. The manure is
directly filled in the correspondent pit. The silage gets shredded into
grain-sized pieces and mixed with the manure into a sludgy matter.
The sludge is pumped into the fermenter, where it is enriched with
bacteria and oxygen, mixed and warmed to circa 37° Celsius. During
the fermenting process, methane gas evolves and is stored in a gas
tank. The sludge is transported to the post-fermenter, where the
fermentation process continues even further. In the mechanical
thickener, some of the water is extracted and brought back to the
fermenter. The remaining residue can now be used as fertiliser. With
the gas engine and the generator, the biogas is turned into electricity
that is fed into the grid and can power Norvenich and some nearby
villages. The generated heat is used to heat the fermenter as well as
a small local network of households.
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PAEFFGEN BIOGAS PLANT SUBSTRATE INPUT (SCHEMATIC)

The map shows schematically the required surfaces to run the plant on its
current substrate mix. The actual origins and destinations of inputs may
differ.

Source: Aachener Zeitung [https://www.aachener-
zeitung.de/lokales/dueren/paeffgens-biogas-pilze-liefern-strom-fuer-
noervenicher-haushalte _aid-32411463#successLogout], RWZ
[https://www.rwz.de/aktuelles-
allgemeines/betriebsreportagen/biogasanlage-paeffgen-noervenich/#]

1 Silage corn growing area M Animal fodder growing area
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PAEFFGEN BIOGAS PLANT ENERGY OUTPUT (SCHEMATIC)

The map shows schematically the number of households the biogas facility
can supply with electricity and heating. The actual origins and destinations
of outputs may differ.

Source: Aachener Zeitung [https://www.aachener-
zeitung.de/lokales/dueren/paeffgens-biogas-pilze-liefern-strom-fuer-
noervenicher-haushalte _aid-32411463#successLogout], RWZ
[https://www.rwz.de/aktuelles-
allgemeines/betriebsreportagen/biogasanlage-paeffgen-noervenich/#]

Local heating network M Electricity supply
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Surface use comparison for three different biogas substrates
to power a german village of 3860 inhabitants.
example village of Nérvenich NRW

silage corn

horse dung laying hen dung
ﬁ free run
0‘ M v
3.413 horses 809,098 hens
crop cultivation surface 268 ha 316 ha 770 ha

pasture size 0 ha

1,735 ha 9 ha

no pasture needed

SURFACE COMPARISON BY BIOGAS SUBSTRATE
Every substrate with its corresponding surfaces equals the annual demand of
electricity for a village with a population of 3,865 inhabitants, which is 5,024,500 kWh.
This is an extrapolation with 1,300 kWh per person as the average annual use of
electricity in North Rhine-Westphalia.
Source: Fachagentur Nachwachsende Rohstoffe
[https://mediathek.fnr.de/grafiken/daten-und-fakten/bioenergie/biogas.html]

1 Silage Storage
2 Silage and Manure Pit
3 Mixer

4 Fermenter
5 Fermener for Post-Fermentatior
6 Residue/Fertilizer Storage

11 Gas Tank

12 Co-Generationunit

13 Local Heating Network

PAEFFGEN BIOGAS PLANT NORVENICH
Source: EnviTec [https://www.envitec-biogas.com/biogas]
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The Paeffgen Biogas Plant in Ndrvenich processes silage and manure
into biogas and fertiliser. The silage arrives at the storage and is
transported to the silage pit as soon as it is needed. The manure is
directly filled in the correspondent pit. The silage gets shredded into
grain-sized pieces and mixed with the manure into a sludgy matter.
The sludge is pumped into the fermenter, where it is enriched with
bacteria and oxygen, mixed and warmed to circa 37° Celsius. During
the fermenting process, methane gas evolves and is stored in a gas
tank. The sludge is transported to the post-fermenter, where the
fermentation process continues even further. In the mechanical
thickener, some of the water is extracted and brought back to the
fermenter. The remaining residue can now be used as fertiliser. With
the gas engine and the generator, the biogas is turned into electricity
that is fed into the grid and can power Norvenich and some nearby
villages. The generated heat is used to heat the fermenter as well as
a small local network of households.
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5 km

PAEFFGEN BIOGAS PLANT SUBSTRATE INPUT (SCHEMATIC)

The map shows schematically the required surfaces to run the plant on its
current substrate mix. The actual origins and destinations of inputs may
differ.

Source: Aachener Zeitung [https://www.aachener-
zeitung.de/lokales/dueren/paeffgens-biogas-pilze-liefern-strom-fuer-
noervenicher-haushalte _aid-32411463#successLogout], RWZ
[https://www.rwz.de/aktuelles-
allgemeines/betriebsreportagen/biogasanlage-paeffgen-noervenich/#]

1 Silage corn growing area M Animal fodder growing area
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PAEFFGEN BIOGAS PLANT ENERGY OUTPUT (SCHEMATIC)

The map shows schematically the number of households the biogas facility
can supply with electricity and heating. The actual origins and destinations
of outputs may differ.

Source: Aachener Zeitung [https://www.aachener-
zeitung.de/lokales/dueren/paeffgens-biogas-pilze-liefern-strom-fuer-
noervenicher-haushalte _aid-32411463#successLogout], RWZ
[https://www.rwz.de/aktuelles-
allgemeines/betriebsreportagen/biogasanlage-paeffgen-noervenich/#]

Local heating network M Electricity supply

21/28 14.10.2026 22:18:00 www.topalovic.arch.ethz.ch


https://www.aachener-zeitung.de/lokales/dueren/paeffgens-biogas-pilze-liefern-strom-fuer-noervenicher-haushalte_aid-32411463#successLogout
https://www.aachener-zeitung.de/lokales/dueren/paeffgens-biogas-pilze-liefern-strom-fuer-noervenicher-haushalte_aid-32411463#successLogout
https://www.aachener-zeitung.de/lokales/dueren/paeffgens-biogas-pilze-liefern-strom-fuer-noervenicher-haushalte_aid-32411463#successLogout
https://www.aachener-zeitung.de/lokales/dueren/paeffgens-biogas-pilze-liefern-strom-fuer-noervenicher-haushalte_aid-32411463#successLogout
https://www.rwz.de/aktuelles-allgemeines/betriebsreportagen/biogasanlage-paeffgen-noervenich/#
https://www.rwz.de/aktuelles-allgemeines/betriebsreportagen/biogasanlage-paeffgen-noervenich/#
https://www.rwz.de/aktuelles-allgemeines/betriebsreportagen/biogasanlage-paeffgen-noervenich/#

Architecture of Territory/Atlas/Fall 2022/Power to the People

SURFACE COMPARISON BY BIOGAS SUBSTRATE
Every substrate with its corresponding surfaces equals the annual demand of
electricity for a village with a population of 3,865 inhabitants, which is 5,024,500 kWh.
This is an extrapolation with 1,300 kWh per person as the average annual use of
electricity in North Rhine-Westphalia.
Source: Fachagentur Nachwachsende Rohstoffe
[https://mediathek.fnr.de/grafiken/daten-und-fakten/bioenergie/biogas.html]

Self-Sufficient Sewage Treatment Plant
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SEWAGE TREATMENT PLANT DUREN-MERKEN

The sewage treatment plant Diren-Merken cleans the sewage of
several communes in the region around the city and generates
electrical power as well as heat through biogas. The wastewater from
domestic households, industrial wastewater and rainwater flows in the
sewerage to the treatment plant. In the case of strong rainfalls the
amount of water coming in exceed the plants capacity and a spare
basin is used to store the excessive sewage. The larger components
get screened in the bar screens and go to the refuse incineration. In
the grit chamber, the grit and sand can settle and the sludgy water
gets pumped into the primary clarifier where the sludge settles on the
bottom while substances that are lighter than water settle on the
water surface. Both get removed, the sludge is pumped into the
fermenter and the sewage flows to its next destination. After the
sewage gets stirred, bacteria remove foreign matter from the water.
For the large number of bacteria to survive, oxygen must be added
and a certain temperature must be maintained.

During the aeration and biological treatment the fluid looks sludgy
because of the bacteria. The excess sludge is pumped to the
fermenter, while sewage goes to the secondary clarifier. The sludge
that comes with it deposits and is returned to the biological treatment
basin. Finally the now nearly clarified water is filtered through active
coal and flows into the Rur.

For the removed sludge the journey continues: on its way to the
fermenter it gets thickened to reduce the water content. In the
fermenter the sewage sludge rests for around 20 days, is mixed and
heated to 37° celsius so the sludge ferments and methane gas
evolves. While the remaining sludge gets dewatered and burned in
the sewage sludge incinerator, the gas is stored in the gas tank and
can be turned into electric energy and heat through a generator
whenever needed. For the sewage treatment plant to operate much
energy and heat is needed, but through the biogas production 75 %
of the electric energy can be covered as well as 100 % of the heating
energy.
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THE METABOLISM OF A SEWAGE TREATMENT PLANT
Source: Statistisches Bundesamt und

DWA-Arbeitsgruppe KEK-1.2 Statistik
[https://www.destatis.de/DE/Themen/Gesellschaft-
Umwelt/Umwelt/Wasserwirtschaft/Publikationen/Downloads-
Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?
__blob=publicationFile&v=5]

1 Bar Screens

2 Grit Chamber

3 Primary Clarifier

4 Aeration and Biological Treatment
5 Secondary Clarifier

[

1 : Active Coal Filter
3 = 7 Rur

> 11 Pre-Sludge Thickenening

1" - 12 Mechanical Sludge Thickening

2 12 Fermenter
1 14 Pre-Sludge Dewatering

15 Mechanical Sludge Dewatering
16 Sewage Sludge Incinerator
21 Gas Tank
22 Gas Engine and Generator
23 Sewage Treatment Plant Operatior

SEWAGE TREATMENT PLANT DUREN-MERKEN

24128 14.10.2026 22:18:00 www.topalovic.arch.ethz.ch


https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/Publikationen/Downloads-Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?__blob=publicationFile&v=5
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/Publikationen/Downloads-Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?__blob=publicationFile&v=5
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/Publikationen/Downloads-Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?__blob=publicationFile&v=5
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/Publikationen/Downloads-Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?__blob=publicationFile&v=5
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/Publikationen/Downloads-Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?__blob=publicationFile&v=5
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/Publikationen/Downloads-Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?__blob=publicationFile&v=5
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/Wasserwirtschaft/Publikationen/Downloads-Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?__blob=publicationFile&v=5

Architecture of Territory/Atlas/Fall 2022/Power to the People

The sewage treatment plant Diren-Merken cleans the sewage of
several communes in the region around the city and generates
electrical power as well as heat through biogas. The wastewater from
domestic households, industrial wastewater and rainwater flows in the
sewerage to the treatment plant. In the case of strong rainfalls the
amount of water coming in exceed the plants capacity and a spare
basin is used to store the excessive sewage. The larger components
get screened in the bar screens and go to the refuse incineration. In
the grit chamber, the grit and sand can settle and the sludgy water
gets pumped into the primary clarifier where the sludge settles on the
bottom while substances that are lighter than water settle on the
water surface. Both get removed, the sludge is pumped into the
fermenter and the sewage flows to its next destination. After the
sewage gets stirred, bacteria remove foreign matter from the water.
For the large number of bacteria to survive, oxygen must be added
and a certain temperature must be maintained.

During the aeration and biological treatment the fluid looks sludgy
because of the bacteria. The excess sludge is pumped to the
fermenter, while sewage goes to the secondary clarifier. The sludge
that comes with it deposits and is returned to the biological treatment
basin. Finally the now nearly clarified water is filtered through active
coal and flows into the Rur.

For the removed sludge the journey continues: on its way to the
fermenter it gets thickened to reduce the water content. In the
fermenter the sewage sludge rests for around 20 days, is mixed and
heated to 37° celsius so the sludge ferments and methane gas
evolves. While the remaining sludge gets dewatered and burned in
the sewage sludge incinerator, the gas is stored in the gas tank and
can be turned into electric energy and heat through a generator
whenever needed. For the sewage treatment plant to operate much
energy and heat is needed, but through the biogas production 75 %
of the electric energy can be covered as well as 100 % of the heating
energy.
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THE METABOLISM OF A SEWAGE TREATMENT PLANT
Source: Statistisches Bundesamt und
DWA-Arbeitsgruppe KEK-1.2 Statistik

[https://www.destatis.de/DE/Themen/Gesellschaft-
Umwelt/Umwelt/ Wasserwirtschaft/Publikationen/Downloads-
Wasserwirtschaft/abwasser-klaerschlamm-5322102159004.pdf?
__blob=publicationFile&v=5]
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